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Sophono Inc. - Traditional 510O(k) Otomag Bone Conduction Hearing System
Section 07: 510O(k) Summary M AY 2 3 2011

510(k) Summary: Otomag Bone Conduction Hearing System
This summary of substantial equivalence information is being submitted in accordance with the

Submitter: Sophono, Inc.

Establishment Registration Number: 3008514292

Contact Information:

Sophono, Inc.
3022 Sterling Circle
Boulder, Colorado 80301
Ph: 303-546-1663
Fax: 720-222-2432
Contact. Jim Kasic
Email: Jim. Kasic@sohpono.com

Date Prepared: May 20, 2011

Name of Device: Otomag Bone Conduction Hearing System

Common Name: Bone Conduction Hearing System

Classification Name: Hearing Aid

Device Classification:

*Classification: 11

*Classification Panel: Ear, Nose and Throat

*Regulation Number: 874.3300

*Product Code: LXB

Predicate Device:

Otomag Bone Conduction Hearing System, Unmodified Version - K1 001 93
Xomed Audiant Bone Conductor - K855059 / K861 971

Device Description:

The Otomag Bone Conduction Hearing System is a family of sound processors and accessories
that operate on the principle of bone conduction of sound vibrations. The Otomag System consists
of two distinct configurations; Alpha I1(S) and Alpha 1 (M). This 510O(k) is being submitted to add
the Alpha 1 (M) configuration to the existing product family.

In the Otomag Alpha 1 (S), the Otomag Sound Processor is attached magnetically to a headband or
softband. The headband or softband holds the sound processor against the head and vibration is
transdluced through direct contact with the patient's skin and the bone below.

In the Otomag Alpha 1 (M), the Otomag Sound Processor is attached magnetically to an implanted
magnet assembly. The magnetic field holds the sound processor against the head and vibration is
transdluced through direct contact with the patient's skin and the bone below. A variety of magnetic
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Sophono Inc. - Traditional 510(k) Otomag Bone Conduction Hearing System
Section 07: 510(k) Summary
spacers, each with a different magnetic strength, are provided, with the Alpha 1 (M) configuration to
allow adjustment of the magnetic field strength that holds the sound processor against the head.
The magnetic implant of the system is provided-clean and n6n-pyrogenic, but is not sterile. The
implant is intended to be sterilized via steam sterilization at the healthcare facility immediately prior
to implementation.
The Otomag System is designed for use for those patients with conductive hearing toss, those
patients who have sensorineural hearing loss up to 45 dB in combination with their conductive loss,
and single sided deafness as defined inthe indications for use. The prescriptive formula and
adjustments available to the audiologist in the software allow for programming the Otomag System
for individual patient hearing loss.

Technological Characteristics:

The technological characteristics of the version of the Otomag Bone Conduction Hearing System
are equivalent to those of the predicate device. Items that are identical between the modified
version and the predicate are:

*Overall Device Performance

*Fundamental Technology (bone conduction)

*Software

Technological characteristics that are different between the modified device and the predicate are
as follows:

* Patient contact materials: Addition of a titanium cased magnetic implant for attachment of
the sound processor assembly to the patient's skin.

" Method of Sound Processor Attachment: Addition of a titanium cased magnetic implant for
attachment.

Non-clinical and clinical performance testing and evaluation were used to support the safety and
effectiveness of the modified device.
Device Indications For Use:

The Otomag Alpha 1 Sound Process or is intended for use with the Otomag Headband or Otomag
Sofiband (no age limitations), or with the Otomag Magnetic Implant (patients 5 years of age and up)
for the following patients and indications:

* Patients with conductive or mixed hearing losses, who can still benefit from amplification of
sound. The pure tone average (PTA) bone conduction (BC) threshold for the indicated ear
should be better than 45dB3 HL (measured at 0.5, 1, 2, and 3 kHz).

* Bilateral fitting is applicable for most patients having a symmetrically conductive or mixed
hearing loss, The difference between the left and right sides' BC thresholds should be
less than 10dB on average measured at 0.5, 1, 2, and 4 kHz, or less than 15 dB at
individual frequencies.

* Patients who have a profound sensorineural hearing loss in one ear and normal hearing in
the opposite ear, who for some reason will not or cannot use an AC CROS. The pure tone
average (PTA) air conduction (AC) threshold of the hearing ear should be better than 20
d1B HIL (measured at 0.5, 1, 2 and 3 kHz).
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Sophono Inc. - Traditional 51 0(k) Otomag Bone Conduction Hearing System
Section 07: 510(k) Summary
Contra indications
Any factor that would cause a clinician to refer the patient for medical assessment will temporarily,
or in some cases permanently, halt the process of hearing aid fitting. These factors include:

*A hearing loss of sudden onset;

*A rapidly progressing hearing loss;

*Pain in either ear;

*Tinnitus of sudden recent onset, or unilateral tinnitus;

*Unilateral or markedly asymmet rical hearing loss of unknown origin;

*Vertigo (e.g. dizziness)

Patients using the Alpha 1 (M) configuration of the device, which utilizes a magnetic implant, should
not undergo magnetic resonance imaging (MRI) without having the implant removed prior to
scanning.

Performance Standards:

The design of the Otomag Bone Conduction Hearing System conforms to the following voluntary
standards:

*ISO 14971 :2007: Medical devices - application of risk management to medical devices;

*FDA Memorandum #G95-1: Use of International St andlard ISO 10993, Biological
Evaluation of Medical Devices Part 1: Evaluation and Testing

*ISO 17665-1:2006: Sterilization of Healthcare Products - Moist Heat - Part 1 Requirements
for the Development, Validation, and Routine Control of Sterilization Process for Medical
Devices

*ISO 17664-1:2004: Sterilization of medical devices - Information to be provided by the
manufacturer for the processing of resterilizable medical devices

*ISO 15223-1:2007: Medical devices - Symbols to be used with medical device labels,
labeling and information to be supplied

*AAMI TIR 12:2004 Designing, testing and labeling reusable mnedical devices for
reprocessing in health care facilities: A guide for medical device manufacturers

*AAMI/ANSI ST8:2008, Hospital steam sterilizers

*AAMI/ANSI 5T67:2003/(R) 2008,Sterilization of health care products - Requirements for
products labeled "STERILE"

*AAMI / ANSI 5T77:2006, Containment devices for reusable medical device sterilization

*AAMI/ANSI 5T79:2006,A1 :2008,A2:2009 Comprehensive guide to steam sterilization and
sterility assurance in health care facilities

*AAMI/ANSI ST61 :2004, Information to be provided by the manufacturer for the processing
of resterilizable medical devices

*ASTM F136 - 08e1: Specification for Wrought Titanium-6 Alumninum-4 Vanadium ELI
(Extra Low Interstitial) Alloy for Surgical Implant Applications

*ASTM F67-06: Standard Specification for Unalloyed Titanium, for Surgical Implant
Applications
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Sophono Inc. - Traditional 510O(k) Otomag Bone Conduction Hearing System
Section 07: 510(k) Summary

lEO 60601-1-2:2007: Medical Electrical Equipment Part 1-2: General Requirements for
Safety - Collateral Standard: Electromagnetic Compatibility - Immunity (ESD, Radiated
RIF Electromagnetic Field Amplitude Modulated, Power Frequency Magnetic Field)

Non-Clinical Performance Testing:

The Otomag Bone Conduction Hearing System has been subjected to extensive safety and
performance testing. Testing of the Otomag Bone Conduction Hearing System included verification
and validation of the following;

*Simulated Use: Device Retention

*Simulated Use: Vibration Transmission Comparison Alpha 1 (M) vs. Alpha 1 (S)

*Software Validation

*Sound Processor Performance: Frequency Response

*Immunity (lEO 60601-1-2)

*Implant Performance after 3x Sterilization

*Autoclave Cycle Performance (Sterilization)

*Accelerated Aging: Magnet Retention

*Dislodgement Force: Normal and Tangential

*Accelerated Aging: Screw Retention

The testing information presented in this submission demonstrates the device's performance is
substantially equivalent to the predicate devices.

Clinical Performance Testing:

Clinical data on eighty-six (86) Alpha 1(M) devices implanted into 57 patients ranging in age from 5
years to 67 years wassubmitted in support of the safety and effectiveness of the Alpha 1 (M)
configuration of the device. The mean follow up time for the study was 1.6 years from the time of
implant, with a range of 0.5 years to 3.8 years. The study showed the following important results:

" No surgical or post-surgical infections or adverse events associated with implant were
reported as a part of the trial.

* No tissue necrosis or other significant tissue problems were reported in any of the 57
subjects at any time in the trial.

* A small percentage of subjects (8%) showed some initial redness under the magnetic
spacer after installing the Alpha 1 (M) sound processor assembly. These issues were
resolved by changing the strength of the magnetic spacers. Data showed none of these
patients had recurring problems With pressure points or reddening.

" None of the subjects complained of issues, either mild or severe, of external processor
dislodgement.

" Unaided and aided hearing performance is shown in the following table
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Sophono Inc. - Traditional 510O(k) Otomag Bone Conduction Hearing System
Section 07: 510(k) Summary ______

Measure Unaided Unaided Unaided Aided Speech Free Aided Free
Air Bone Speech Understanding Field Field

Conduction Conduction Understanding' Gain Thresholds
Thresholds Thresholds

Mean 54+/- 12dB 16+/-10dB 4+/- 10%' 86+/- 17% 38+/- 16dB
and 8db (calculated from

unaided thresholds
Stdev IIand free field gain)

Conclusion:

Based on the clinical and non-clinical performance testing, the modified version of the Otomag
Bone Conduction Hearing System is safe and effective and considered to be substantially
equivalent to the predicate Otomag device cleared in K1 00193 and the Audiant cleared K855059
and K861971.
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DEPARTMENT OF HEALTH &, HUMAN SERVICES Public Health Service

Food and Drug Administration
10903 New Hampshire Avenue

Document Control Room -%V066-0609
Silver Spring, MD 20993-0002

MAY 2 32011
Sophono EAK.--
d/o Clay Anselnio
Reglera LLC
555 Zang Street
Lakewood, CO 80228

Re: K102199
Trade/Device Name: Sophono Otomag Bone Conduction Hearing System
Regulation Number: 21 CFR 874.3300
Regulation Name: Hearing Aid
Regulatory Class: Class 11
Product Code: LXB
Dated: May 10, 2011
Received: May 13, 2011

Dear Mr. Anselmo:

We have reviewed your Section 5 10(k) premarket notification of intent to market the device
referenced above and have determined the device is substantially equivalent (for the indications
for use stated in the enclosure) to legally marketed predicate devices marketed in interstate
commerce prior to May 28, 1976, the enactment date of the Medical Device Amendments, or to
devices that have been reclassified in accordance with the provisions of the Federal Food, Drug,
and Cosmetic Act (Act) that do not require approval of a premarket approval application (PMA).
You may, therefore, market the device, subject to the general controls provisions of the Act. The
general controls provisions of the Act include requirements for annual registration, listing of
devices, good manufacturing practice, labeling, and prohibitions against misbranding and
adulteration. Please note: CDR- does not evaluate information related to contract liability
warranties. We remind you, however, that device labeling must be truthful and not misleading.

If your device is classified (see above) into either class II (Special Controls) or class III (PMA), it
may be subject to additional controls. Existing maj or regulations affecting your device can be
found in the Code of Federal Regulations, Title 21, Parts 800 to 898. In addition, FDA may
publish further announcements concerning your device in the Federal Register.

Please be advised that FDA's issuance of a substantial equivalence determination does not mean
that FDA has made a determination that your device complies with other requirements of the Act
or any Federal statutes and regulations administered by other Federal agencies. You must
comply with all the Act's requirements, including, but not limited to: registration and listing (21
CFR Part 807); labeling (21 CFR Part 80 1); medical device reporting (reporting of medical
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Page 2 - Mr. Anselmo

device-related adverse events) (21 CFR 803); good manufacturing practice requirements as set
forth in the quality systems (QS) regulation (21 CFR Part 820); and if applicable, the electronic
product radiation control provisions (Sections 531-542 of the Act); 21 CFR 1000- 1050.

If you desire specific advice for your device on our labeling regulation (21 CFR Part 801), please
go to http://wwvw.fda. zov/AboutFDA/CentersOffices/CDRH-/CDRH-Offices/ucin 1 5 809.htrn for
the Center for De-vices an-d Radiological Healt-h's (CDRH's)-O-ffice of Compliance. Al1so, please
note the regulation entitled, "Misbranding by reference to premarket notification" (2 1 CER Part
807.97). For questions regarding the reporting of adverse events under the MDR regulation (21
CER Part 803), please go to
http://www. fda.gov/MedicalDevices/Safety/ReportaProblem/default.htnl for the CDRH 's Office
of Surveillance and Biometrics/Division of Postmarket Surveillance.

You may obtain other general information on your responsibilities under the Act from the
Division of Small Manufacturers, International and Consumer Assistance at its toll-free number
(800) 638-2041 or (301) 796-7100 or at its Internet address
http://www.fda. gov/MedicalDevices/ResourcesforYou/Industr-v/default.htm.

Sincerely yours,

ZMalvina BEyJrli n, MD.
Director
Division of Ophthalmic, Neurological,

and Ear, Nose and Throat Devices
Office of Device Evaluation
Center for Devices and

Radiological Health

Enclosure
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Indications for Use

51 0(k) Number: Ki02/91
Device Name: Otomaa, Bone Conduction H-earing System

Indications. for Use:-

The Otomag Alpha I Sound Processor is intended for use with the Otomag Headband or Otomag

Softband (no age limitations), or with the Otomag Osseointegrated Magnetic Implant (patients 5 years of

age and up) for the following patients and indications:

" Patients with conductive or mixed hearing losses, who can still benefit from amplification of sound.

The pure tone average (PTA) bone conduction (BC) threshold for the indicated ear should be better

than 45 dB H-L (measured at 0.5, 1, 2, and 3 kHz).

* Bilateral fitting is applicable for most patients having a symmetrically conductive or mixed hearing

loss. The difference between the left and right sides' BC thresholds should be less than I0dB on

average measured at 0.5, 1, 2, and 4 kHz, or less than 15 dB at individual frequencies.

" Patients who have a profound sensorineural hearing loss in one ear and normal hearing in the opposite

ear, who for some reason will not or cannot use an AC CROS. The pure tone average (PTA) air

conduction (AC) threshold of the hearing ear should be better than 20d13 HL (measured at 0.5, 1, 2
and 3 kHz).

Prescription Use __X_ AND/ORt Over-The-Counter Use ____

(Pant 21 CFR 801 Subpart D) (21 CFR 801 Subpart C)

(PLEASE DO NOT WRITE BELOW THIS LINE-CONTINUE ON ANOTHER PAGE IF
NEEDED)

Concurrence of CDRHI, Office of Device Evaluation (ODE)

Page I of I

(Division Sign-Off)

Division of Ophthalmic, Neumogical and Eu.
Nose and-Throat Devices

5tO(k)Number (K/0 / 7Page 20 of 192
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

U.S. Food and Drug Administration
Center for Devices and Radiological Health
Document Control Center W066-G609
10903 New Hampshire Avenue
Silver Spring, MD 20993-0002

March 22, 2011

SOPHONO, INC 510k Number: K102199
C/O REGLERA, LLC Product: OTOMAG BONE CONDUCTION
555 ZANG STREET Ire I D.1
SUITE 100
LAKEWOOD, COLORADO 80228 Extended Until: 07/19/2011
ATTN: CLAY ANSELMO

Based on your recent request, an extension of time has been granted for you to submit the additional information we
requested.

If the additional information (Al) is not received by the "Extended Until" date shown above, your premarket
notification will be considered withdrawn (21 CFR 807.87(l)). If the submitter does submit a written request for an
extension, FDA will permit the 5 10(k) to remain on hold for up to a maximum of 180 days from the date of the Al
request.

If you have procedural questions, please contact the Division of Small Manufacturers International and Consumer
Assistance (DSMICA) at (301)796-7100 or at their toll-free number (800)638-2041, or contact the 510k staff at
(301)796-5640.

Marjorie Shulman
Consumer Safety Officer
Premarket Notification Section
Office of Device Evaluation
Center for Devices and Radiological Health
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510(k) - Request for 30 Day Extension

March 21, 2010

Food and Drug Administration
Center for Devices and Radiological Health
Document Mail Center - W066-G609
10903 New Hampshire Avenue
Silver Springs, MD 20993-0002

RE: K102199 - Sophono Otomag Bone Conduction Hearing System
Request for 180 Day Extension

610(k) Applicant I Manufactured by: 610(k) Contact / Submission Correspondent:
Sophono, Inc. Clay Anselmo
903 Brooklawn Drive President and CEO
Boulder, CO 80303 Reglera LLC
Ph: 303-546-1663 Email: anselmoc@reglera.com
Fax: 720-222-2432 Phone/fax: 303-223-4303

Mobile: 303-907-2955

Dear Office of Device Evaluation,

We received a request for additional information dated January 20, 2011 and an

addendum to this request on February 22, 2011, in response to our 510(k) premarket

notification (K102199). We have been in ongoing dialog with the review team interactively to

address the open issues related to clinical data and, at the suggestion of our reviewer,
respectfully request a 180 day extension to allow Sophono and the Agency time to continue

to interact on the matter and complete our response in a comprehensive manner.

We appreciate your time and consideration of this request.

Sincerely,

Clay Ans o
Reglera LLC
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Food and Drug Administration
10903 New Hampshire Avenue
Document Control Room -W066-G609
Silver Spring, NID 20993-0002

MAY 2 3 2011
Sophono Inc.

c/o Clay Anselmo
Reglera LLC
555 Zang Street
Lakewood, CO 80228

Re: K102199
Trade/Device Name: Sophono Otomag Bone Conduction Hearing System
Regulation Number: 21 CFR 874.3300
Regulation Name: Hearing Aid
Regulatory Class: Class I
Product Code: LXB
Dated: May 10, 2011
Received: May 13, 2011

Dear Mr. Anselmo:

We have reviewed your Section 510(k) premarket notification of intent to market the device
referenced above and have detennined the device is substantially equivalent (for the indications
for use stated in the enclosure) to legally marketed predicate devices marketed in interstate
commerce prior to May 28, 1976, the enactment date of the Medical Device Amendments, or to
devices that have been reclassified in accordance with the provisions of the Federal Food, Drug,
and Cosmetic Act (Act) that do not require approval of a premarket approval application (PMA).
You may, therefore, market the device, subject to the general controls provisions of the Act. The
general controls provisions of the Act include requirements for annual registration, listing of
devices, good manufacturing practice, labeling, and prohibitions against misbranding and
adulteration. Please note: CDRH does not evaluate information related to contract liability
warranties. We remind you, however, that device labeling must be truthful and not misleading.

If your device is classified (see above) into either class II (Special Controls) or class III (PMA), it
may be subject to additional controls. Existing major regulations affecting your device can be
found in the Code of Federal Regulations, Title 21, Parts 800 to 898. In addition, FDA may
publish further announcements concerning your device in the Federal Register.

Please be advised that FDA's issuance of a substantial equivalence determination does not mean
that FDA has made a determination thatyour device complies with other requirements of the Act
or any Federal statutes and regulations administered by other Federal agencies. You must
comply with all the Act's requirements, including, but not limited to: registration and listing (21
CFR Part 807); labeling (21 CFR Part 801); medical device reporting (reporting of medical
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Page 2 - Mr. Anselmo

device-related adverse events) (21 CFR 803); good manufacturing practice requirements as set
forth in the quality systems (QS) regulation (21 CFR Part 820); and if applicable, the electronic
product radiation control provisions (Sections 53 1-542 of the Act); 21 CFR 1000-1050.

If you desire specific advice for your device on our labeling regulation (21 CFR Part 801), please
go to http://www.fda.gov/AboutFDA/CentersOffices/CDRH/CDR-IOffices/ucmil 15809.htn for
the Center for Devices and Radiological Health's (CDRH's) Office of Compliance. Also, please
note the regulation entitled, "Misbranding by reference to premarket notification" (21CFR Part
807.97). For questions regarding the reporting of adverse events under the MDR regulation (21
CFR Part 803), please go to
http://vww.fda.pov/MedicalDevices/Safety/ReportaProblem/default.htm for the CDRH's Office
of Surveillance and Biometrics/Division of Postmarket Surveillance.

You may obtain other general information on your responsibilities under the Act from the
Division of Small Manufacturers, International and Consumer Assistance at its toll-free number
(800) 638-2041 or (301) 796-7100 or at its Internet address
http://www.fda.gov/MedicalDevices/ResourcesforYou/Industry/default.htm.

Sincerely yours,

Malvina B Ey elm n, M.D.
Director
Division of Ophthalmic, Neurological,

and Ear, Nose and Throat Devices
Office of Device Evaluation
Center for Devices and

Radiological Health

Enclosure
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Indications for Use

5 10(k) Number: KIC 191
Device Name: Otomag Bone Conduction Hearing System

Indications for Use:

The Otomag Alpha I Sound Processor is intended for use with the Otomag Headband or Otomag
Softband (no age limitations), or with the Otomag Osseointegrated Magnetic Implant (patients 5 years of
age and up) for the following patients and indications:

* Patients with conductive or mixed hearing losses, who can still benefit from amplification of sound.
The pure tone average (PTA) boneconduction (BC) threshold for the indicated ear should be better
than 45 dB HL (measured at 0.5, 1, 2, and 3 kHz).

* Bilateral fitting is applicable for most patients having a symmetrically conductive or mixed hearing
loss. The difference between the left and right sides' BC thresholds should be less than 10dB on
average measured at 0.5, 1, 2, and 4 kHz, or less than 15 dB at individual frequencies.

* Patients who have a profound sensorineural hearing loss in one ear and normal hearing in the opposite
ear, who for some reason will not or cannot use an AC CROS. The pure tone average (PTA) air
conduction (AC) threshold of the hearing ear should be better than 20 dB HL (measured at 0.5, 1, 2
and 3 kHz).

Prescription Use X AND/OR Over-The-Counter Use
(Part 21 CFR 801 SubpartD) (21 CFR 801 Subpart C)

(PLEASE DO NOT WRITE BELOW THIS LINE-CONTINUE ON ANOTHER PAGE IF
NEEDED)

Concurrence of CDRH, Office of Device Evaluation (ODE)

Page 1 of I
(Division Sign-Off)
Division of Ophthalmic, Neurological and Ear,
Nose and Throat Devices

510(k)Number 10 119 Page 20 of 192 3
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Socphono

Patient User Manual

Alpha I (S) & Alpha I (M)
Bone Conduction Hearing Systems

Alpha I (S) & Alpha 1 (M) Patient User Manual - REV 9 - 1
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Sovhono

Company Information
Contact information:

Professional Support:
Sophono, Inc.
903 Brooklawn Dr.
Boulder, Colorado 80303
USA
+1 (303) 564-1663

Federal Law (USA) restricts this device to sale by or on the order
Only of a practitioner licensed by the law of the State in which he/she

practices to use or order the use of the device.

Alpha I (S) & Alpha I (M) Patient User Manual - REV 9 -2-
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1 About this Manual
This Patient Manual provides a description of the Alpha I (S) & Alpha I (M) Bone
Conduction Hearing Systems. This manual includes a description of the system's
features, performance, intended use, and important safety information. Please read
this manual thoroughly before using the system.

This Patient Instruction Manual included with each Alpha I (S) & Alpha I (M) Bone
Conduction Hearing System should be referred to for information regarding:

* Kit Contents
* Instructions for Use
* Patient Warnings and Precautions
* Important Things to Remember
* Maintenance
* Customer Support

Important Symbols
A number of symbols are used throughout this manual in order to draw attention
to safety items and other important information.

The following symbols are used:

Warning
Symbol indicates a potentially hazardous situation, which if
not avoided could result in death or serious injury to the
user.

Caution
Symbol indicates a situation that the user must take into
consideration to ensure the safe and effective operation of
the equipment and associated accessories.

... -Notes
NSymbol indicates important general information for using the

system successfully.
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2 Introduction
Dear Customer:
Congratulations on the purchase of your new Otomag Bone Conduction Hearing
System!

The Otomag Bone Conduction Hearing System includes a family of Sound
Processors and accessories that operate on the principle of bone conduction of
sound vibrations.

The Otomag Bone Conduction Hearing System is supplied in either of two
configurations. The first configuration is the Alpha 1 (S), in which the Otomag
Sound Processor is attached magnetically to a Headband or Softband. The
second configuration is Alpha 1 (M), in which the Otomag Sound Processor is
attached magnetically to a Magnetic Implant placed behind your ear. The
Headband, Softband, or Magnetic Implant holds the Sound Processor against
the head, and vibration is transduced through direct contact with your skin and
the bone below.

The Otomag System is designed for use for patients with conductive hearing
loss, patients who have sensorineural hearing loss up to 45 dB in combination
with their conductive loss, and patients who suffer from single sided deafness
as defined in the indications for use. The prescriptive formula and adjustments
available to the audiologist in the software package allow for programming the
Otomag System for individual patient hearing loss.

This Patient Manual will help you quickly gain confidence with your new Otomag
Bone Conduction Hearing System. If you have further questions please consult
your hearing healthcare provider.

General Information
A hearing device will not restore normal hearing and will not prevent or improve
a hearing impairment resulting from organic conditions. In most cases
infrequent use of a hearing device does not permit a user to attain full benefit.
The use of a hearing device is only part of hearing habilitation and may need to
be supplemented by auditory training and instruction in lip reading.

Note
* The components and packaging of the Otomag Bone

Conduction Hearing System contain no natural rubber latex
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Note

* The Magnetic implant of the system is provided clean and
non-pyrogenic, but is not sterile. The implant is intended to be
sterilized via steam sterilization at the healthcare facility
immediately prior to implementation.

Indications for Use
The Otomag Alpha 1 Sound Processor is intended for use with the Otomag
Headband or Otomag Softband (no age limitations), or with the Otomag
Magnetic Implant (patients 5 years of age and up) for the following patients and
indications:

* Patients with conductive or mixed hearing losses, who can still benefit from
amplification of sound. The pure tone average (PTA) bone conduction (BC)
threshold for the indicated ear should be better than 45 dB HL (measured
at 0.5, 1, 2, and 3 kHz).

* Bilateral fitting is applicable for most patients having a symmetrically
conductive or mixed hearing loss. The difference between the left and right
sides' BC thresholds should be less than 10dB on average measured at
0.5, 1, 2, and 4 kHz, or less than 15 dB at individual frequencies.

* Patients who have a profound sensorineural hearing loss in one ear and
normal hearing in the opposite ear, who for some reason will not or cannot
use an AC CROS. The pure tone average (PTA) air conduction (AC)
threshold of the hearing ear should be better than 20 dB HL (measured at
0.5, 1, 2 and 3 kHz).

Contraindications
Contraindications for the Otomag Alpha 1 Sound Processor connected to the
Otomag Headband, Softband, or Magnetic Implant are as follows:
Any factor that would cause a clinician to refer you for medical assessment will
temporarily, or in some cases permanently, halt the process of hearing aid
fitting. These factors include:

* Hearing loss occurring suddenly;
* Hearing loss that grows worse rapidly;
* Pain in either ear;
* A sudden recent onset of ringing or a similar sensation in the ears, also

known as tinnitus. Tinnitus may be bilateral (occurring in both ears) or
unilateral (occurring in one ear);

* Unilateral or markedly asymmetrical (not equal in both ears) hearing loss of
unknown origin;

* Vertigo (e.g. dizziness)
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Patients using the Alpha 1(M) configuration of the device, which utilizes a
magnetic implant, should not undergo magnetic resonance imaging (MRI)
without having the implant removed prior to scanning.

Note: While the contraindications listed above may affect the process of hearing
aid fitting, it should be noted that the treatment plan for use of the Otomag
Alpha 1 Sound Processor may vary with worsening or improving hearing. Your
treatment plan will be determined by your hearing health specialists.

Warnings and Cautions Overview
The following section contains a description of all patient related Warnings and
Cautions associated with the Otomag Bone Conduction Hearing System.
Knowledge of the following information is essential for safe operation of the
device. Specific Warnings and Cautions pertaining to patient instructions are
included in the body of the manual and are indicated by the appropriate symbol.

* Thoroughly read Patient Manual before using the Otomag Bone
Conduction Hearing System.

* Rule out allergies and other reactions to device materials prior to
prescribing the Otomag System,

* A blow to the head in the area of the Otomag Alpha 1 Sound
Processor may result in personal injury and damage to the device or
device failure.

* When using the Otomag Alpha 1 (S) Softband, make sure that a
finger can be placed between the skull and Softband to ensure that
the Softband is not too tight.

* Do not undergo scanning with Magnetic Resonance Imaging (MRI) if
you are using an Otomag Alpha 1 Sound Processor, Magnetic

Warning Implant, Headband, or Softband. For patients with the Alpha 1(M)
magnetic implant, the implant must be removed prior to scanning.

* Never store hearing aids and batteries within reach of small children
a or animals. The batteries are small, easily swallowed, and can poison

small children and animals.
* Do not dispose of your Sound Processor in an incinerator or fire. In

no case should batteries be thrown into an open fire.
* Do not attempt to recharge batteries.
* If you experience discomfort, pain, numbness, or tingling of the skin in

the area of your magnetic implant, remove the sound processor
assembly and see your physician for refitting of the device.

* Both the Alpha 1(S) and Alpha 1(M) configurations of the device
contain magnets which could impact the performance of pacemaker or
implantable cardioverter defibrillator (ICD) devices. The magnets of
the softband/headband of the Alpha 1(S) and the magnetic spacer of
the Alpha 1(M) should therefore be kept away from a pacemaker or
ICD.

Alpha I (S) & Alpha I (M) Patient User Manual - REV 9 -7-

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Sophono
* Read this Patient User Manual and keep it available so you can

refer to it when needed.
* The Alpha 1 Sound Processor, Magnetic Implant, Headband, and

Softband are intended for single-patient use only. Do not use any of
these products if they have previously been used with another
patient.

* Keep Otomag System components away from magnetic data
storage media and electronic devices. The Alpha 1 Sound
Processor, Magnetic Implant, Headband, and Softband all contain
magnets that can potentially damage magnetic data storage media
and electronic devices. To avoid damage to the device, do not
subject the Alpha 1 Sound Processor to temperatures below -4 OF
(-20 0C) or above 122 OF (+50 *C) at any time.

* To avoid damage to the device, do not store the Otomag System
near magnets or magnetic devices other than the magnetic spacer
and implant.

* Remove the Sound Processor, Headband and Softband before x-
rays of the head and neck

* Remove the Sound Processor, Headband, and Softband during
radiation therapy

* Portable and mobile RF (radio frequency) communications
Caution equipment can affect the performance of the Sound Processor.

* Interference may occur in the area of equipment which is labeledIl with the following symbol:
* Dispose of batteries and electronic items in accordance with your

local regulations.
* When navigating through security in airports remove the Sound

Processor, Headband and Softband and have them screened
through the x-ray screening process. The Sound Processor,
Headband and Softband contain metal that may activate the airport
security metal detectors.

* Do not use the Alpha 1 Sound Processor, Headband or Softband
while participating in contact sports. Hard physical contact with the
device or a blow to the head in the area of the Alpha 1 Sound
Processor, Headband or Softband may result in damage to the
device or device failure.

* Clean the Alpha 1 Processor, Headband, and Softband only as
directed. Other common household cleaning chemicals or methods,
such as washing machines, bleach, ammonia, or spray cleaners
may damage the device.

* To avoid damage to the case or the Sound Processor, do not use
household soaps or rinse / submerge the case under water and do
not wash the case in the dishwasher. Should the case become wet
for any reason, allow the case to air dry completely before storing
the Alpha 1 Processor in the case.
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* When removing the Sound Processor do not pull on the processor
itself, this could result in damage to the device.

* The Sound Processor is not water proof and should not be worn in
heavy rain, in the bath or shower, or in other environments when
exposure to heavy moisture is likely. Exposure to moisture may
cause damage to the device.

* Protect your Sound Processor from impact and shock. Avoid
dropping your Sound Processor.

* Do not expose the Sound Processor to strong sunlight.
Caution * Always switch your device off when you remove it. If you do not

use your Sound Processor for a long time, remove the battery and
store the Sound Processor in its case.A The Alpha 1(M) version of this Bone Conduction Hearing system
utilizes a metal, magnetic implant. Patients must take care when in
the proximity of devices that could influence the implant. Devices
such as security systems, metal detectors, radio frequency
identification (RFID) systems, and electronic article surveillance
(EAS) system may affect or be affected by the implant. You should
avoid prolonged exposure to these systems and should not stand
near, lean on or linger in the vicinity of such devices.

* Patients with a pacemaker or ICD should consult their care provider
for safe use of the Otomag system with their cardiac medical
device.
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3 Operating Instructions
Insertion of the battery
A Size 675 battery is required for your Alpha I Sound Processor.

See Figure 1 for details. Open the battery compartment (1) with a fingernail and
insert the battery (2) so that the plus (+) sign on the battery and the plus (+) sign
on the battery compartment are on the same side. Close the battery
compartment with a finger. The Sound Processor is now switched on.

Caution
Dispose of batteries and electronic items in accordance with
your local regulations.

Switch off your Sound Processor whenever you're not using it by pivoting the
battery compartment fully out. This will help preserve battery life. The Alpha 1
has a low battery indicator that generates a tone when it is time to replace the
battery. Your hearing healthcare provider can adjust the volume and tone of the
low battery indicator for you.

Figure 1. Alpha I Sound Processor

Warning
* Never store hearing aids and batteries within reach of small

children or animals. The batteries are small, easily
swallowed, and can poison small children and animalsA* * Do not attempt to recharge batteries.

* Do not dispose of your Sound Processor in an incinerator or
fire. In no case should batteries be thrown into an open fire
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Start-up and Operation
Switch on the Alpha 1 Sound Processor by pivoting the battery compartment
fully in.

Positioning the Sound Processor
Alpha 1 (S)
To place the Alpha 1 (S) Sound Processor, simply guide it into the vicinity of the
magnetic pad in the Softband or Headband. The magnetic forces will bring it to
its correct position. See Figure 2.

Figure 2. Positioning the Alpha I (S) Sound Processor on the Softband

Warning
When using the Otomag Alpha 1 (S) Softband, make sure
that a finger can be placed between the skull and Softband
to ensure that the Softband is not too tight.

Alpha 1 (M)
To place the Alpha 1 (M) Sound Processor, simply guide it into the vicinity of the
Magnetic Implant. The magnetic forces will bring it to its correct position. See
Figure 3. If you have thicker hair, it may be necessary to part your hair over the
implant site or shorten the hair at the implant location to ensure an adequate
holding force between magnets.

Figure 3. Positioning the Alpha I (M) Sound Processor on the Magnetic Implant
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Warning
If you experience discomfort, pain, numbness, or tingling of
the skin in the area of your magnetic implant, remove the
sound processor assembly and see your physician for refitting
of the device.

Caution
The Alpha 1 Sound Processor, Magnetic Implant,
Headband, and Softband are intended for single-patient use

* only. Do not use any of these products if they have
previously been used with another patient.

Volume Control
The volume can be adjusted with the small wheel that is situated on the outside
of the Alpha 1 Sound Processor. Using the tip of the index finger, apply slight
pressure on the rotary button and simultaneously turn forward to increase
volume. Turn the rotary button in the opposite direction to reduce volume.

You can switch off the Sound Processor by opening the battery access door. As
soon as you take off the device, switch it off. See Figure 4 for details.

Battery

Program Access Door

Selection
Button

External

Volume ControMcohn

Figure 4. Alpha I Sound Processor

Program Selection Button
The Alpha 1 Sound Processors offer four program settings for different hearing
situations. By pressing the small button on the Sound Processor, the programs
can be activated. For each activated program you will hear a corresponding
signal tone for recognition.
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* Program 1: Instrument beeps once
* Program 2: Instrument beeps twice
* Program 3: Instrument beeps three times
* Program 4: Instrument beeps four times

Your hearing healthcare provider will inform you when each of the programs
should be used

Removing the Sound Processor
To remove the Alpha 1 Sound Processor, pull ONLY on the steel disk. See
Figure 5. Alpha 1 Sound Processor w/ Metal Disc for Magnetic Attachment

Metal
Disc

Figure 5. Alpha I Sound Processor w/ Metal Disc for Magnetic Attachment

Note
* If you remove the Sound Processor without switching it off, it

generates a vibrating tone which leads to high battery
consumption. Therefore, always properly switch off the
Sound Processor when you are not wearing it.

Caution
* When removing the Sound Processor do not pull on the

processor itself, this could result in damage to the device.
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If Your Sound Processor Does Not Function
Check the following if the Sound Processor is not functioning properly:

* The device is properly switched on and the battery compartment is fully
closed

* The battery is not dead
* The battery surface is clean.

If the device still is not functioning properly, see your hearing healthcare
provider.
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4 Product Maintenance
Cleaning and Care
Sound Processor

* Have your Sound Processor checked at regular intervals as specified by
your hearing professional.

* To clean your Sound Processor, wipe it with a soft cloth or a Clorox@
type disinfecting wipe

* The battery compartment may be cleaned by wiping it out with a DRY
cotton swab or a cotton swab that has been moistened by a Clorox@ type
disinfecting wipe.

Note
Remove the Sound Processor, Softband, and Headband
during the application of hairspray or styling gels. If
hairspray or gel comes in contact with the Sound Processor it
may become sticky and difficult to clean

* If the Sound Processor becomes soaked with water:

o Immediately open the battery door and remove the battery
o Put the Sound Processor in a container with drying capsules such as

Dri-aid kit or similar overnight. Drying kits are available from most
hearing care professionals.

Caution
* The Sound Processor is not water proof and should not be

worn in heavy rain, in the bath or shower, or in other
environments when exposure to heavy moisture is likely.
Exposure to moisture may cause damage to the device.

* To avoid damage to the case or the Sound Processor, do
not use household soaps or rinse / submerge the case under
water and do not wash the case in the dishwasher. Should
the case become wet for any reason, allow the case to air
dry completely before storing the Alpha 1 Processor in the
case

* The Sound Processor is provided in a plastic case which may be used to
store the processor. This case may be cleaned with a Clorox@ type
disinfecting wipe. Make sure the case is completely dry before storing
the Sound Processor in it.
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Caution
* The Sound Processor is designed to operate within the

temperature ranges of 410F (+50C) to 1040F (+400C). The
processor should not be subject to temperatures below -40F
(-200C) or above 1220F (+500C) at any time.

* Protect your Sound Processor from impact and shock.
*x Avoid dropping your Sound Processor

* Do not expose the Sound Processor to strong sunlight
* Always switch your device off when you remove it. If you do

not use your Sound Processor for a long time, remove the
battery and store the Sound Processor in its case

Softband and Headband

* The Headband can be cleaned with a Clorox@ type disinfecting wipe.

* The Softband may be submerged and hand washed with a mild clothes
washing detergent (with or without a small amount of color safe bleach)
and air dried or may be cleaned with a Clorox@ type disinfecting wipe.

Magnetic Spacer

* The Magnetic Spacer can be cleaned with a Clorox@ type disinfecting
wipe.

Caution
* Clean the Alpha 1 Processor, Magnetic Spacer, Headband,

and Softband only as directed. Other common household
cleaning chemicals or methods, such as washing machines,
bleach, ammonia, or spray cleaners may damage the
device.A * To avoid damage to the case or the Sound Processor, do
not use household soaps or rinse / submerge the case
under water and do not wash the case in the dishwasher.
Should the case become wet for any reason, allow the case
to air dry completely before storing the Alpha 1 Processor in
the case.

Retention Clip / Lanyard

* The Retention Clip / Lanyard can be cleaned with a Clorox® type
disinfecting wipe.
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Damage and Replacement
The expected live span for the Sound Processor, Magnetic Spacer, Softband,
and Headband is approximately 4 years depending on use, wear, and tear. The
Sound Processor will need to be repaired or replaced when it no longer
produces adequate vibrations or the sounds become highly distorted. The
Softband should be replaced when it becomes damaged or the elastic begins to
be stretched out and it can no longer be tightened adequately for sound
transmission. The Headband should be replaced when it becomes damaged or
no longer has enough spring force to press the magnetic pad against the head
for adequate sound transmission. Replacement Headbands and Softbands may
be purchased through your hearing healthcare provider from Sophono, Inc.

5 Accessories
If your Alpha 1 Sound Processor has a jack for an FM boot, you may plug the boot
of a Phonak MLxi FM receiver into the bottom of the Sound Processor.

If you are concerned about the Alpha 1 Sound Processor falling off your head, a
clip and tether are available so that the Sound Processor can be tethered to a
garment you're wearing.
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6 Technical Data
Information about Magnets
Magnets in the Alpha 1 Headband, Softband, and Magnetic Implant create a
permanent magnetic field. A permanent magnetic field is not the same as, and
should not be compared to, an electromagnetic field such as that of a mobile
telephone or a high-voltage transmission line.

The magnetic implant associated with the Alpha 1(M) configuration of the device
is not compatible with Magnetic Resonance Imaging (MRI). If MRI is required,
the implant must be removed prior to scanning.

Warning
a Do not undergo scanning with Magnetic Resonance Imaging

(MRI) if you are using an Otomag Alpha 1 Sound Processor,
Magnetic Implant, Headband, or Softband. For patients with
the Alpha 1(M) magnetic implant, the implant must be
removed prior to scanning.A x Both the Alpha 1(S) and Alpha 1(M) configurations of the
device contain magnets which could impact the performance
of pacemaker or implantable cardioverter defibrillator (ICD)
devices. The magnets of the softband/headband of the
Alpha 1(S) and the magnetic spacer of the Alpha 1(M)
should therefore be kept away from a pacemaker or ICD.

Caution
* Keep Otomag System components away from magnetic

data storage media and electronic devices. The Alpha 1
Sound Processor, Magnetic Implant, Headband, and
Softband all contain magnets that can potentially damage
magnetic data storage media and electronic devices.

* To avoid potential of damage to the device, do not store the
Otomag System near magnets or magnetic devices other
than the magnetic spacer and implant.

* The Alpha 1(M) version of this Bone Conduction Hearing
system utilizes a metal, magnetic implant. Patients must
take care when in the proximity of devices that could
influence the implant. Devices such as security systems,
metal detectors, radio frequency identification (RFID)
systems, and electronic article surveillance (EAS) system
may affect or be affected by the implant. You should avoid
prolonged exposure to these systems and should not stand
near, lean on or linger in the vicinity of such devices.
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Caution
Patients with a pacemaker or ICD should consult their careA provider for safe use of the Otomag system with their
cardiac medical device.

Patient-contacting Materials
Implant Material: The implant consists of a Samarium Cobalt sealed in a
Titanium case.

Softband Material: The Softband is constructed of an elastic band and consists
of approximately 85% nylon/1 5% Spandex.

Portion of Headband or Softband that presses against the mastoid (bony
protrusion on the skull located directly behind the ear): Fotoplast Lacquer 3
(light-curing one-component lacquer)

The components and packaging for the Otomag Bone Conduction Hearing
System contain no natural rubber latex.

The Magnetic implant of the system is provided clean and non-pyrogenic, but is
not sterile. The implant is intended to be sterilized via steam sterilization at the
healthcare facility immediately prior to implementation.

Alpha 1 Sound Processor Technical Characteristics
* Magnetically coupled bone conduction Sound Processor
* Fully programmable digital hearing system
* Programs (programmable by audiologist)
* 4 channels
* 16 frequency bands
* Low battery warning
* Automatic noise reduction
* Automatic feedback cancellation
* Volume control
* Outer material of Alpha 1 (S): plastic with a corrosion resistant steel disk
* Weight: 10 g (with battery)

Alpha 1 Sound Processor Performance Data
(Measured according to DIN IEC 60118-9 Hearing Aids Part 9: Methods of
measurement of characteristics of hearing aids with bone vibrator output)
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OFL (Output force level) at 90 dB SPL - Top ine)

OFL (Output force level) at 60 dB SPL - Bottom Line)

(Measured according to DIN IEC 60118-9. Averages include all configurations
of softband, headband, and magnetic spacers for a given normal force)

OFL (output force level) at 90 dB SPL

120

110
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-5 4 N (average)

o20 -- --

60

100 1000 10000

Frequency(Hzb)

* Acousto - mechanical gain at 60 dB SPL and 1600 Hz: 29 dB

* Maximum gain at 60 dB SPL: 38 dB3 re 1 pN
* Peak Output at 90 dB SPL: 115 dB3 re 1 pN
* Frequency range per ANSI S3.22-2009: 280-5000 Hz

* Frequency Processing Range: 125-8000 Hz
* Total Harmonic Distortion per ANSI S3.22-2009: <3%
* Equivalent input noise: 17 dB SPL
* Battery current drain: 0.95 mA
* Processor: 16 band, 4 Channel WDRC
* Crossover Frequency Options: 0-1.25, 0.25-2.75, 1.75-7.75 kHz
* Compression Attack Time: 0.25 ms
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* Compression Release Time: 8192 ms
* Patient Volume Control Wheel: 38 dB range
* Power Supply: 1.3V, #675 Zinc Air Battery
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7 Patient Support
If you experience any device related issues, develop unexpected or excessive
symptoms, or have general concerns or questions, please contact your hearing
health specialists.

Manufactured for: Sophono, Inc. 903 Brooklawn Dr., Boulder, Colorado 80303 USA
+1 (303) 564-1663
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Company Information
Contact information:

Sophono, Inc.
903 Brooklawn Dr.
Boulder, Colorado 80303
USA
+1 (303) 564-1663

Federal Law (USA) restricts this device to sale by or on the order of

& Only a practitioner licensed by the law of the State in which he/she
practices to use or order the use of the device.
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1 About this Manual
This Physician Manual provides a description of the Alpha I (S) & Alpha I (M) Bone
Conduction Hearing Systems. This manual includes a description of the system's
features, performance, intended use, and important safety information. This manual
provides the information necessary for the physician to prescribe the Alpha 1 (S) &
Alpha 1 (M) Bone Conduction Hearing Systems to the appropriate patient population.
Please read this manual thoroughly before prescribing the system.
A Patient Instruction Manual is included with each Alpha I (S) & Alpha I (M) Bone
Conduction Hearing System and should be referred to for information regarding:

* Kit Contents
* Instructions for Use
* Patient Warnings and Precautions
* Important Things to Remember
* Maintenance
* Customer Support

Important Symbols
A number of symbols are used throughout this manual in order to draw attention to
safety items and other important information.

The following symbols are used:

Warning
a Symbol indicates a potentially hazardous situation, which if

*t not avoided could result in death or serious injury to the user.

Caution
Syrbol indicates a situation that the user must take into
consideration to ensure the safe and effective operation of the
equipment and associated accessories.

..-- Notes
Symbol indicates important general information for using the
system successfully.
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2 Introduction
Indications for Use
The Otomag Alpha 1 Sound Processor is intended for use with the Otomag
Headband or Otomag Softband (no age limitations), or with the Otomag Magnetic
Implant (patients 5 years of age and up) for the following patients and indications:

* Patients with conductive or mixed hearing losses, who can still benefit from
amplification of sound. The pure tone average (PTA) bone conduction (BC)
threshold for the indicated ear should be better than 45 dB HL (measured at
0.5, 1, 2, and 3 kHz).

* Bilateral fitting is applicable for most patients having a symmetrically
conductive or mixed hearing loss. The difference between the left and right
sides' BC thresholds should be less than 10dB on average measured at 0.5, 1,
2, and 4 kHz, or less than 15 dB at individual frequencies.

* Patients who have a profound sensorineural hearing loss in one ear and
normal hearing in the opposite ear, who for some reason will not or cannot use
an AC CROS. The pure tone average (PTA) air conduction (AC) threshold of
the hearing ear should be better than 20 dB HL (measured at 0.5, 1, 2 and 3
kHz).

Contraindications
Contraindications for the Otomag Alpha 1 Sound Processor connected to the
Otomag Headband, Softband, or Magnetic Implant are as follows:

Any factor that would cause a clinician to refer the patient for medical assessment
will temporarily, or in some cases permanently, halt the processof hearing aid
fitting. These factors include:

* A hearing loss of sudden onset;
* A rapidly progressing hearing loss;
* Pain in either ear;
* Tinnitus of sudden recent onset, or unilateral tinnitus;
* Unilateral or markedly asymmetrical hearing loss of unknown origin;
* Vertigo (e.g. dizziness)

Patients using the Alpha 1(M) configuration of the device, which utilizes a magnetic
implant, should not undergo magnetic resonance imaging (MRI) without having the
implant removed prior to scanning.

Patient Selection Criteria
* Patients to be fitted with the Otomag Alpha 1 (S) Sound Processor and its

Headband or Softband may be any age.
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* Patients to be fitted with the Otomag Alpha 1 (M) Sound Processor and its

Magnetic Implant should be 5 years old or older.
* Patients and/or patient guardians must be able to understand that the Otomag

System will not restore hearing to normal and will not prevent additional
hearing impairment resulting from conditions such as disease, old age hearing
loss, genetic hearing loss, ototoxic drugs or noise induced hearing loss.
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Warnings and Cautions Overview
The following section contains a description of all physician related Warnings and
Cautions associated with the Otomag Bone Conduction Hearing Systems.
Additional patient and use related Warnings and Cautions can be found in the
Patient User Manual. Knowledge of the following information is essential for safe
operation of the device. Specific Warnings and Cautions pertaining to physician
instructions are included in the body of the manual and are indicated by the
appropriate symbol.

Warnings
* Thoroughly read the Physician Manual and the Patient Manual before

prescribing the Otomag System.
* To avoid potential performance and / or safety issues, adhere carefully to

patient selection criteria
* A blow to the head in the area of the Otomag Alpha 1 Sound Processor may

result in damage to the device or device failure.
* When using the Otomag Alpha 1 (S) Softband, make sure that a finger can be

placed between the skull and Softband to ensure that the Softband is not too
tight.

* Do not perform scanning with Magnetic Resonance Imaging (MRI) on an
patient using an Otomag Alpha 1 Sound Processor, Magnetic Implant,
Headband, or Softband.

* Carefully consider the potential patient's medical history to rule out allergies
and other reactions to device materials prior to prescribing the Otomag

Warning System.I The Alpha 1 (M) Magnetic Implant is provide non-sterile and must be sterilized
prior to implantation according to the provided instructions. Failure to sterilizeA appropriately can result in serious infection.
The Alpha 1 (M) Magnetic Implant is not intended to be flash steam sterilized.
Flash steam sterilization has not been validated to effectively sterilize the
device.

* Do not sterilize the Alpha 1 (M) Magnetic Implant more than a total of three (3)
times. Additional sterilization cycles may cause a reduction in magnet
performance or cause the magnetic case of the implant to leak.

* Purchased screws may be provided non-sterile and if so must be sterilized
prior to implantation according to the manufacturers instructions. Failure to
sterilize appropriate can result in serious infection.

* Excessive, long term use of magnetic spacers that are too strong may lead to
pain and or pressure necrosis for the patient. Always recommend to the
patient the lowest magnetic strength spacer that passes the "Go" test.

* Do not use of the Alpha 1(M) configuration of the device if the skin contact
area of the sound processor is compromised in any way (i.e. - unhealed
incision, psoriasis, or eczema). Failure to follow this warning may result in
prolonged healing, further irritation, or infection.
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Warning Both the Alpha 1(S) and Alpha 1(M) configurations of the device contain

magnets which could impact the performance of pacemaker or implantable
Icardioverter defibrillator (ICD) devices. The magnets of the

softband/headband of the Alpha 1(S) and the magnetic spacer of the Alpha
1(M) should therefore be kept away from a pacemaker or ICD.

Precautions
* The Alpha 1 Sound Processor, Magnetic Implant, Headband, and Softband

are intended for single-patient use only. Do not use any of these products if
they have previously been placed in or with another patient.

* Keep Otomag System components away from magnetic data storage media
and electronic devices. The Alpha 1 Sound Processor, Magnetic Implant,
Headband, and Softband all contain magnets that can potentially damage
magnetic data storage media and electronic devices.

* To avoid damage to the device, do not subject the Alpha 1 Sound Processor
to temperatures below -40F (-200C) or above 1220F (+50 0C) at any time.

* To avoid potential of damage to the device, do not store the Otomag SystemCaution near magnets or magnetic devices other than the magnetic spacer andimplant.
* Prior to use, inspect packaging to verify that it is intact and has not been

damaged. If the packaging is damaged, do not use the device and return it to
Sophono, Inc. Please see the address and phone number for Sophono, Inc.
at the end of this Physician Manual.

* Refer to the screw's original manufacturer's instructions for use for specific
directions on how to use the screws.

* Refer to the original manufacturer's instructions for use for specific directions
on how to appropriately use these sterilization pouches.

* The patient should be instructed to select a lower strength spacer if the
pressure on the skin is uncomfortable or pain, numbness, or tingling occurs.

* Patients with a pacemaker or ICD should consult their care provider for safe
use of the Otomag system with their cardiac medical device.

Alpha I (S) & Alpha I (M) Physician Manual - REV 10 -5-

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Sophono

Product Description
The Otomag Bone Conduction Hearing System is a family of sound processors and
accessories that operate on the principle of bone conduction of sound vibrations.

The Otomag System is configured in either of two configurations. The -first
configuration is the Alpha 1 (S), where the Otomag Sound Processor is attached
magnetically to a Headband or Softband. The second configuration is Alpha I (M),
where the Otomag Sound Processor is attached magnetically to an implanted
magnet. The Headband, Softband, or Magnetic Implant holds the sound processor
against the head, and vibration is transduced through direct contact with the
patient's skin and the bone below.

The Otomag System is designed for use for those patients with conductive hearing
loss, those patients who have sensorineural hearing loss up to 45 dB in
combination with their conductive loss, and single sided deafness as defined in the
indications for use. The prescriptive formula and adjustments available to the
audiologist in the software allow for programming the Otomag System for individual
patient hearing loss.

Possible Adverse Effects
General

It is possible that a reaction to the materials of the Headband, Softband, or
Magnetic Implant could occur. Such a circumstance may necessitate that use of
the device be discontinued. Please report any adverse effects to Sophono, Inc.
The address and phone number for Sophono, Inc. are listed at beginning and end
of this Physician Manual. If a reaction to the Headband or Softband occurs,
Sophono will supply appropriate instructions so that the device can be sent to the
laboratory for analysis.

Risks that may occur during surgery:

The risks involved in surgery and complications related to surgery include the
normal risks of the operative procedure and general anesthesia. These include
pain, blood clots, and/or circulatory problems, infection, cardiac arrest, and even
death. Specific risks related to operating on the mastoid include infection,
inflammation, numbness or stiffness about the ear, dural exposure, CSF leak,
perforation of sigmoid sinus, subdural hematoma and noticeable changes in head
noise.

Alpha I (S) & Alpha I (M) Physician Manual - REV 10 -6-

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Sothono
Warning
* To avoid potential performance and I or safety issues, adhere

carefully to patient selection criteria.

A * Carefully consider the potential patient's medical history to
rule out allergies and other reactions to device materials prior
to prescribing the Otomag System.

Risks that may occur after surgery:

Potential risks after surgery include inflammation and complications associated with
general anesthesia. Potential risks related to the implant following surgery include
infection, reparative granuloma, inflammatory reaction, skin breakdown or skin
necrosis.

It is possible that a reaction to the implant materials and or failure of the implanted
device can occur and may necessitate an operation to remove and/or replace the
implant.

The magnetic implant associated with the Alpha 1(M) configuration of the device is
not compatible with Magnetic Resonance Imaging (MRI). If MRI is required, the
implant must be removed prior to scanning.

Warning
* A blow to the head in the area of the Otomag Alpha 1 Sound

Processor may result in damage to the device or device
failure.

* When using the Otomag Alpha 1 (S) Softband, make sure that
a finger can be placed between the skull and Softband to
ensure that the Softband is not too tight.

Do not perform scanning with Magnetic Resonance Imaging
(MRI) on an patient using an Otomag Alpha 1 Sound
Processor, Magnetic Implant, Headband, or Softband.
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Other Symbols on Equipment and Labeling

Consult Physician Manual

LOt Batch Code or Lot Number

Serial Number

Keep Away From Rain / Keep Dry

Manufacturer
MR Unsafe: Device should not be worn when patient is
undergoing an MRI

Interference may occur in the area of equipment which is
labeled with the following symbol.

20F Temperature Limitation: The sound processor is
designed to operate within the temperature ranges of
41oF (+5oC) to 104oF (+40oC). The processor should
not be subject to temperatures below -4oF (-20oC) or

-4cF above 122oF (+5OoC) at any time.
Device provided Non-Sterile

NON
STERLE
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3 Patient Fitting Procedures
Alpha 1 (S) System: Instructions for Placement of the
Softband or Headband and Alpha 1 Sound Processor

Notes
Record the product and lot or serial numbers for the Alpha 1
Sound Processor in the patient file and send the patient to a
qualified audiologist for proper programming of the Alpha 1
Sound Processor.

The Otomag Softband is an elastic Softband similar to a sweat band used in sports.
The Alpha 1 (S) Sound Processor magnetically adheres to the Softband via a
magnetic pad sewn into the band. No surgery is required and the Alpha 1 (S) can
be used immediately after being programmed by an audiologist.

* To use the Otomag Softband, attach the Alpha 1 (S) Sound Processor to the
magnetic pad on the Softband.

* Test that the Alpha 1 works by putting it on yourself, plugging your ears, and
introducing sound.

* Put the Softband around the patient's head, quite loosely at first by slipping the
end of the band through the slot next to the magnetic pad and attaching the
mating Velcro ® loops and hooks to each other.

* Place the magnetic pad against the mastoid or other boney location.
* Tighten the Softband by adjusting the Velcro@ strap until it is close-fitting

enough to ensure effective sound transmission, but not tight enough to cause
discomfort. The Softband is too loose if it slips off of the head, can be rotated
easily around the head or no sound transmission can be heard. The Softband
is too tight if the patient complains of pain or discomfort while wearing the
Softband. Make sure that a finger can be placed between the skull and
Softband to ensure that the Softband is not too tight.

Warning
When using the Otomag Alpha 1 (S) Softband, make sure that
a finger can be placed between the skull and Softband to
ensure that the Softband is not too tight.

The Otomag Headband is a springy Headband, similar to that used for earphone
devices. It comes in one size and is not adjustable. The Alpha 1 (S) Sounds
Processor magnetically adheres to the Headband via a magnetic pad fitted to the
Headband. No surgery is required and the Alpha 1 (S) can be used immediately
after being programmed by the audiologist.
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* To use the Otomag Headband, attach the Alpha 1 (S) Sound Processor to the

magnetic pad on the Headband.
* Test that the Alpha 1 works by putting it on yourself, plugging your ears, and

introducing sound.
* Put the Headband on the patient's head and place the magnetic pad against

the mastoid or other boney location.

The choice of a Headband or Softband is a matter of patient preference.

Alpha 1 (M) System: Compatible Screws

Notes
The Alpha 1 (M) implant requires 5 screws for implantation that
are NOT included with the implant.

Screws

The Alpha 1 (M) implant requires 5 screws to be used to affix the implant to the
skull. These screws are NOT included as part of the Alpha 1 (M) implant system
and must be obtained separately.

The implant bracket holes are sized to accept Stryker/Leibinger 1.7 mm diameter
Craniomaxillofacial titanium Self Tapping Screws, (Gold) and 1.7 mm diameter Self
Drilling Screws (Silver) in 4 mm lengths and 1.9 mm Emergency Screws (Purple) in
3 mm lengths.

While all screw sizes / types specified above have been validated for this
application, the Stryker/Leibinger 1.7mm x 4 mm self drilling screws, part number
50-1 7904 is considered optimal.

Other commercially available craniomaxillofacial titanium screws may be used as
long as the screw shaft diameter is less than 2.0 mm and the screw head size is
greater than 2.45 mm. Screw must be 4 mm in length (3mm for emergency
screws).

The screws must be sterile prior to implantation. If the screws are not purchased
sterile, refer to the screw manufacturer's instructions for sterilization.
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Warning

Purchased screws may be provided non-sterile and if so must be
sterilized prior to implantation according to the manufacturers
instructions. Failure to sterilize appropriate can result in serious
infection.

Caution
Refer to the screw's original manufacturers instructions for use
for specific directions on how to use the screws.

If the initial attempt to place a screw does not work and the screw hole becomes
"stripped" emergency "rescue" screws can be threaded into the stripped hole. The
largest size screw that can be used is 1.9 mm in diameter.
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Alpha 1 (M) System: Instructions for Sterilization and
Placement of the Magnetic Implant and Alpha 1
Sound Processor
Point of Use Sterilization Instructions:

Warning
The Alpha 1 (M) Magnetic Implant is provide non-sterile and
must be sterilized prior to implantation according to the

*! provided instructions. Failure to sterilize a device
appropriately can result in serious infection.

The Alpha 1 (M) magnetic implant is provided clean but NOT sterile. It is not
necessary to clean the implant prior to sterilization. To prepare the implant for
steam sterilization use the following steps:
* Unscrew the cap on the magnetic implant container.
* Without touching the magnetic implant, transfer the implant into the

autoclave pouch. Transfer can be simply accomplished by inverting the
implant container over the open top of the autoclave pouch.

* Place a single steam sterilization indicator into the pouch with the implant.
* Immediately seal the autoclave pouch.

Caution
The Alpha 1 Sound Processor, Magnetic Implant, Headband,
and Softband are intended for single-patient use only. Do not
use any of these products if they have previously been placed
in or with another patient.

Exact compliance is required with the sterilization equipment manufacturers
instructions for use, maintenance, and periodic monitoring. The Alpha implant
can be re-sterilized two additional times by gravity steam sterilization
(autoclaving) if it is not used during the implantation procedure. The following
sterilization parameters have been validated for sterilization of the implant.

Limitations on Reprocessing: Magnetic implants may be re-sterilized two
additional times if not used during the implant procedure. Implants should
be stored in the sterilization pouch. However, the implant must be
transferred to a new sterilization pouch just prior to resterilization and
implant.

Presterilization Decontamination / Cleaning / Disinfection: None
Required

Cycle Type: Gravity

Sterilization Time: 15 minutes minimum

Sterilization Cycle Temperature: 132 degrees C / 270 degrees F

Drying Time: 30 minutes minimum
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Packaging: Cardinal Health Self Sealing Autoclave Pouch (P/N 92510)
Storage in Sterile State: Final sterilization immediately pre-implant only

Upon completion of sterilization verify that both sterilization indicator strips
(interior and on exterior of package) indicate the steam cycle was completed
correctly. Follow manufacturer instructions for interpretation of these indicators.
If both the indicators do not show completion of the sterilization cycle, repeat the
cycle.

Warning
* The Alpha 1 (M) Magnetic Implant is not intended to be flash

steam sterilized. Flash steam sterilization has not been
validated to effectively sterilize the device.A * Do not sterilize the Alpha 1 (M) Magnetic Implant more than a
total of three (3) times. Additional sterilization cycles may
cause a reduction in magnet performance or cause the
magnetic case of the implant to leak.

Sterilization Pouch Specifications
To ensure the validated parameters are replicated appropriately, the
following is to be used to individually pouch each implant prior to performing
the sterilization cycle:

Manufacturer: Cardinal Health, http://www.cardinal.com, 800.964.5227
Catalog Number: 92510

Size: 5.5" x 10" Paper Self Seal Pouch

Materials: Arjowiggins 60g/m 2 Paper / CN PET 12/CPP40 Micron

Total Product Area: 0.035 m2

Paper Area: 0.035 m2

Ink: Medical Grade

Caution
* Refer to the original manufacturer's instructions for use forzj specific directions on how to appropriately use these

sterilization pouches.

Internal Steam Indicator Strip

As described above, each time an implant is steam sterilized, place a single
indicator strip labeled for use with the specified gravity steam sterilization
cycle into the inside of the specified pouch. Follow manufacturer's
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instructions for interpretation of results.

Pre-Surgical Training Requirements

Before attempting to implant the Otomag Implant, surgeons are required to
complete training provided by Sophono, Inc. During the training they will
receive guidance regarding the procedure, a thorough understanding of the
device and surgical procedure and other important information. Contact
Sophono Customer Services at the contact number listed in Section 6 of this
manual to arrange training.

Surgical Risks

The implantation of the Otomag Implant requires a surgical procedure involving
the removal of tissue and bone. As with any surgical procedure involving a
general anesthetic, certain risks exist. Those risks include the risk of infection
from poor hygiene or non-sterile technique, irritation of tissues during the
implantation procedure, unintended cuts and abrasions, and irritation of tissues
due to unintended exposure to implant materials. The implant is made of
materials considered to be hypo-allergenic but in the case of unintended
damage to the device, a patient could come in contact with substances that
could generate an adverse reaction.

Surgical Site Preparation:

The hair should be clipped and the scalp shaved at the incision site immediately
before surgery. With the incision site skin free of gross contamination, apply
antiseptic (such as iodophors, alcohol-containing products, or chlorhxidine
gluconate) in the area of the proposed incision to an area large enough to allow
for the extension of the incision or creation of a new incision or drain sites (if
necessary).

Pre-Surgical Antibiotic Prophylaxis:

Antibiotic prophylaxis should be considered if the surgeon determines that this
surgical procedure may be associated with a considerable risk of infection or if a
post operative infection would cause a serious hazard to the patient's recovery
or well being.

Surgical Implantation Steps
Step I - Making The Incision
The proper position for the implant is 6 cm from the ear canal at a 45-degree
angle posterior and superior to the ear canal. The incision should be made
7.5 to 8 cm from the external ear canal (1.5 to 2 cm from the location of the
implant so the incision is not directly over the implant). After making the
incision, expose the skull where the implant will be placed. The incision
must be large enough to allow placement of the implant. See Figure 1.
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Figure 1 : Incision Location

Step 2 - Create a bone bed (optional)
The implant is approximately 2.6 mm thick and optimal tissue thickness over
the implant is 4 mm to 5 mm.

To create a bone bed, mark the position of the implant magnets on the bone
and drill the bone bed to a depth of approximately 3 mm. The implant
magnets have a diameter of 10mm.

Figure 2: Bone Beds
Step 3 - Implant Placement
After creation of the bone bed, install the magnetic implant using the
specified screws such that the implant is oriented with the "This Side Up"
label facing out. In addition, be sure to place the implant so that the small
fiduciary mark is located in the most anterior and superior location. Place
one screw in each of the bracket holes to securely attach the implant to the
skull. The surface of the implant should be nearly flush with the surface of
the mastoid.
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Figure 3: Implant Installation Diagram

Step 4 - Tissue Thinning and Closing the Incision
If the tissue flap is thicker than 6 mm, thin down a 10 mm wide strip of tissue
to 5 mm directly over the implant magnets. Suture the incision closed.

Implant Surgical Removal Steps

Step 1 - Making The Incision
The implant is 6 cm from the ear canal at a 45-degree angle posterior and
superior to the ear canal. The incision should be made 7.5 to 8 cm from the
external ear canal (1.5 to 2 cm from the location of the implant so the
incision is not directly over the implant). After making the incision, expose
the skull where the implant has been placed. The incision must be large
enough to allow removal of the implant. See Figure 1 above.

Step 2 - Implant Removal
Remove each of the 5 screws holding the magnetic implant in place. It may
be necessary to excise bone or tissue growth occurring over the face of the
implant. Once the screws are removed the implant can be lifted carefully
from the bone or bone beds. Suture incision closed.
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Instructions for Placement / Sizing of the Magnetic
Spacers
Magnetic Spacer Selection

As with the Headband and Softband, application of appropriate pressure to the
mastoid by the Sound Processor is essential for proper functioning of the
system and patient comfort. The Alpha 1 (M) configuration is supplied with five
strengths of magnetic spacers to allow the fitting physician to adjust the force
applied to the mastoid.

The spacers are labeled with "dots" to indicate magnetic strength. Magnetic
strength increases based on the number of dots present on the spacer. One
dot is the lowest strength and five dots is the highest strength.

Several magnetic spacer strengths may be applicable to an individual patient.
To determine the appropriate magnetic spacer for a patient use the "Go" and
"No-Go" gages as follows.

The "Go" and "No-Go" gages used in the selection of the appropriate magnetic
spacers may be re-used with multiple patients. However, prior to using with
another patient the accessories must be cleaned and disinfected using an EPA-
registered hospital disinfectant wipe.

Using the "Go" gage to determine the weakest appropriate magnetic
spacer
1. Starting with the one dot magnetic spacer, place the magnetic spacer over

the implant. Magnetic attraction will pull the magnetic spacer toward the
implant. The magnetic spacer has two poles. Rotate the magnetic spacer
360 degrees until the magnetic spacer poles align with the implant poles
and the strongest magnetic attraction is achieved.

2. Ask the patient to sit upright with their head in a typical vertical position.
Attach the "Go" gage clip to the patient's clothing.

3. Hang the "Go" gage disk from the magnetic spacer.
4. If the magnetic spacer detaches from the side of the patient's head, then

the spacer is too weak and the process should be repeated with
increasing magnetic spacer strengths until the magnetic spacer remains
attached to the side of the head while attached to the "Go" gage disk

5. The lowest dot number magnetic spacer that passes the "Go" test
indicates the weakest magnetic spacer strength that should be
recommended to the patient

Using the "No -Go" gage to determine the strongest applicable magnetic
spacer

1. Starting with the lowest dot number magnetic spacer that passes the "Go"
test, place the magnetic spacer over the implant Magnetic attraction will 70
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pull the magnetic spacer toward the implant The magnetic spacer has
two poles. Rotate the magnetic spacer 360 degrees until the poles align
with the implant poles and the strongest magnetic attraction is achieved.

2. Again, ask the patient to sit upright with their head in a typical vertical
position. Attach the "No-Go" gage clip to the patients clothing.

3. Hang the "No-Go" gage disk from the magnetic spacer
4. The magnetic spacer should detach from the head from the weight of the

disk If the magnetic spacer detaches from the head then the magnetic
spacer is one of the appropriate spacers for the patient.

5. Repeat this process, increasing magnetic spacer strength one dot at a
time until the magnetic spacer does not detach from head.

6. The highest number magnetic spacer that detaches from the head using
the "No-Go" test indicates the highest magnetic spacer strength that
should be used by the patient on a regular basis.

7. Any magnetic spacer that remains attached during the "No-Go" test is too
strong and should not be recommended for patients long term use.

8. If all magnetic spacers used in the "No-Go" test detach when the "No-Go"
disc is attached, then all of the spacers tested in the "No-Go" test may be
appropriate for the particular patient

Several spacer magnet strengths may be applicable for an individual patient.
The patient should be prescribed the lowest dot magnet strength that is both
comfortable, functions correctly and fits with their age and lifestyle.

Warning
Excessive, long term use of magnetic spacers that are too
strong may lead to pain and or pressure necrosis for the
patient. Always recommend to the patient the lowest
magnetic strength spacer that passes the "Go" test.

Caution
The patient should be instructed to select a lower strength
spacer if the pressure on the skin is uncomfortable or if pain,
numbness, or tingling occurs.

Placement of the Alpha 1 (M) Audio Processor

Approximately 4 weeks after the incision site has healed and all signs of
inflammation are gone, the patient may be fit with the Alpha 1 (M) Audio
Processor.

Warning
* Do not use of the Alpha 1(M) configuration of the device if the

skin contact area of the sound processor is compromised in
any way (i.e. - unhealed incision, psoriasis, or eczema).Failure to follow this warning may result in prolonged healing,
further irritation, or infection.
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4 Technical Data
Information about Magnets
Magnets in the Alpha 1 Headband, Softband, and Magnetic Implant create a
permanent magnetic field. A permanent magnetic field is not the same as, and
should not be compared to, an electromagnetic field such as that of a mobile
telephone or a high-voltage transmission line.

Warning
Both the Alpha 1(S) and Alpha 1(M) configurations of the
device contain magnets which could impact the performance
of pacemaker or implantable cardioverter defibrillator (ICD)
devices. The magnets of the softband/headband of the Alpha
I(S) and the magnetic spacer of the Alpha 1(M) should
therefore be kept away from a pacemaker or ICD.

Caution
* Keep Otomag System components away from magnetic data

storage media and electronic devices. The Alpha 1 Sound
Processor, Magnetic Implant, Headband, and Softband all
contain magnets that can potentially damage magnetic data
storage media and electronic devices.

. * To avoid potential of damage to the device, do not store the
Otomag System near magnets or magnetic devices other than
the magnetic spacer and implant.

* Patients with a pacemaker or ICD should consult their care
provider for safe use of the Otomag system with their cardiac
medical device.

Patient-contacting Materials
Implant Material: The implant consists of a Samarium Cobalt sealed in a
biocompatible titanium case. Only the titanium case of the implant is in contact
with patient tissue.

Softband Material: The Softband is constructed of an elastic band and consists
of approximately 85% nylon/15% Spandex.

Portion of Headband or Softband that presses against the mastoid (bony
protrusion on the skull located directly behind the ear): Fotoplast Lacquer 3
(light-curing one-component lacquer)

The components and packaging for the Otomag Bone Conduction Hearing
System contain no natural rubber latex.
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The Magnetic implant of the system is provided clean and non-pyrogenic, but is
not sterile. The implant is intended to be sterilized via steam sterilization at the
healthcare facility immediately prior to implementation.
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Alpha 1 Sound Processor Technical Characteristics
* Magnetically coupled bone conduction sound processor
* Fully programmable digital hearing system
* programs (programmable by audiologist)
* 4 channels
* 16 frequency bands
* Low battery warning
* Automatic noise reduction
* Automatic feedback cancellation
* Volume control
* Outer material of Alpha 1 (S): plastic with a corrosion resistant steel disk
* Weight: 10 g (with battery
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Alpha 1 Sound Processor Performance Data
(Measured according to DIN IEC 60118-9 Hearing Aids Part 9: Methods of
measurement of characteristics of hearing aids with bone vibrator output)

OFL (Output force level) at 90 dB SPL - Top Line)

I OFL (Output force level) at 60 dB SPL - Bottom Line)

xi

freqtencY k~lz

(Measured according to DIN IEC 60118-9. Averages include all configurations
of softband, headband, and magnetic spacers for a given normal force)

OFL (output force level) at 90 dB SPL
120

2 110 4

100

90 -1.0 N (average)
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- 70- - -
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* Acousto - mechanical gain at 60 dB SPL and 1600 Hz: 29 dB
* Maximum gain at 60 dB SPL: 38 dB re 1 pN
* Peak Output at 90 dB SPL: 115 dB re 1 pN
* Frequency range per ANSI S3.22-2009: 280-5000 Hz
* Frequency Processing Range: 125-8000 Hz
* Total Harmonic Distortion per ANSI S3.22-2009: <3%
* Equivalent input noise: 17 dB SPL
* Battery current drain: 0.95 mA
* Processor: 16 band, 4 Channel WDRC
* Crossover Frequency Options: 0-1.25, 0.25-2.75, 1.75-7.75 kHz
* Compression Attack Time: 0.25 ms
* Compression Release Time: 8192 ms
* Patient Volume Control Wheel: 38 dB range
* Power Supply: 1.3V, #675 Zinc Air Battery
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5 Storage and Handling
Storage

Caution
* To avoid damage to the device, do not subject the Alpha 1

Sound Processor to temperatures below -20 C (-4 F) or
above +50 C (122 F) at any time.

* To avoid potential of damage to the device, do not store the
Otomag System near magnets or magnetic devices other
than the magnetic spacer and implant.

Handling

Caution
*Prior to use, inspect packaging to verify that it is intact and

has not been damaged. If the packaging is damaged, do not
use the device and return it to Sophono, Inc. Please see the
address and phone number for Sophono, Inc. at the end of
this Physician Manual
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6 Professional Support
For more information or to report concerns, device malfunctions, adverse events, or
patient complaints, please contact:

Sophono, Inc.

903 Brooklawn Dr.
Boulder, Colorado 80303
USA
+1 (303) 564-1663
postmaster@sophono.com

Manufactured for: Sophono, Inc. 903 Brooklawn Dr., Boulder, Colorado
80303 USA +1 (303) 564-1663

Printed in U.S.A.

@Copyright Sophono, Inc.
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

U.S. Food and Drug Administration
Center for Devices and Radiological Health
Document Control Center W066-G609
10903 New Hampshire Avenue
Silver Spring, MD 20993-0002

March 23, 2011

SOPHONO, INC 51Ok Number: K102199
C/O REGLERA, LLC Product: OTOMAG BONE CONDUCTION
555 ZANG STREET taC A .I

SUITE 100
LAKEWOOD, COLORADO 80228 Extended Until: 07/19/2011
ATTN: CLAY ANSELMO

Based on your recent request, an extension of time has been granted for you to submit the additional information we
requested.

If the additional information (AI) is not received by the "Extended Until" date shown above, your premarket
notification will be considered withdrawn (21 CFR 807.87(I)). If the submitter does submit a written request for an
extension, FDA will permit the 510(k) to remain on hold for up to a maximum of 180 days from the date of the Al
request.

If you have procedural questions, please contact the Division of Small Manufacturers International and Consumer
Assistance (DSMICA) at (301)796-7100 or at their toll-free number (800)638-2041, or contact the 510k staff at
(301)796-5640.

Sincerely yours,

Marjorie Shulman
Consumer Safety Officer
Premarket Notification Section
Office of Device Evaluation
Center for Devices and Radiological Health

Ujgj
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510(k) - Request for 30 Day Extension

March 21, 2011

Food and Drug Administration
Center for Devices and Radiological Health
Document Mail Center - WO66-G609
10903 New Hampshire Avenue
Silver Springs, MD 20993-0002

RE: K102199 - Sophono Otomag Bone Conduction Hearing System
Request for 180 Day Extension

510(k) Applicant / Manufactured by: 510(k) Contact I Submission Correspondent:
Sophono, Inc. Clay Anselmo
903 Brooklawn Drive President and CEO
Boulder, CO 80303 Reglera LLC
Ph: 303-546-1663 Email: anselmoc@reglera.com
Fax: 720-222-2432 Phone/fax: 303-223-4303

Mobile: 303-907-2955

Dear Office of Device Evaluation,

We received a request for additional information dated January 20, 2011 and an
addendum to this request on February 22, 2011, in response to our 510(k) premarket
notification (K102199). We have been in ongoing dialog with the review team interactively to
address the open issues related to clinical data and, at the suggestion of our reviewer,
respectfully request a 180 day extension to allow Sophono and the Agency time to continue
to interact on the matter and complete our response in a comprehensive manner.

We appreciate your time and consideration of this request.

Sincerely,

Clay Ans o
Reglera LLC
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

U.S. Food ad Drug Administration
Center for Devices and Radiological ialth
Document Control Center W066-G609
10903 New Hampshire Avenue
Silver Spring, MD 20993-0002

February 16, 2011

SOPHONO, INC 510k Number: K102199
C/O REGLERA, LLC Product: OTOMAG BONE CONDUCTION
555 ZANG STREET ta An FrIfl

SUITE 100
LAKEWOOD, COLORADO 80228 Extended Until: 03/21/2011
ATTN: CLAY ANSELMO

Based on your recent request, an extension of time has been granted for you to submit the additional information we
requested.

If the additional information (Al) is not received by the "Extended Until" date shown above, your premarket
notification will be considered withdrawn (21 CFR 807.87(l)). If the submitter does submit a written request for an
extension, FDA will permit the 5 10(k) to remain on hold for tip to a maximum of 180 days from the date of the Al
request.

If you have procedural questions, please contact the Division of Small Manufacturers International and Consumer
Assistance (DSMICA) at (301)796-7100 or at their toll-free number (800)638-2041, or contact the 510k staff at
(301)796-5640.

Sincerely yours,

Marjorie Shulman
Consumer Safety Officer
Premarket Notification Section
Office of Device Evaluation
Center for Devices and Radiological Health
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

US, Food and Drug Administration
Center for Devices and Radiological Health
Documen Mail Center 6 W066-G609
10903 New Hampshire Avenue
Silver Spring, MD 20993-0002

January 24, 2011

510k Number: K102199
SOPHONO, INC Product: OTOMAG BONE CONDUCTION
C/O REGLERA, LLC "TA PI

555 ZANG STREET SUITE 100

LAKEWOOD, COLORADO 80228

UNITED STATES
ATTN: CLAY ANSELMO

We are holding your above-referenced Premarket Notification (510(k)) for 30 days pending receipt of the
additional information that was requested by the Office of Device Evaluation. Please remember that all
correspondence concerning your submission MUST cite your 510(k) number and be sent in duplicate to the
Document Mail Center at the above letterhead address. Correspondence sent to any address other than the one
above will not be considered as part of your official premarket notification submission. Also, please note the new
Blue Book Memorandum regarding Fax and E-mail Policy entitled, "Fax and E-Mail Communication with
Industry about Premarket Files Under Review. Please refer to this guidance for information on current fax and
e-mail practices at
http://www.fda.gov/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocunents/ucm089402.htnm.

The deficiencies identified represent the issues that we believe need to be resolved before our review of your
510(k) submission can be successfully completed. In developing the deficiencies, we carefully considered the
statutory criteria as defined in Section 513(i) of the Federal Food, Drug, and Cosmetic Act for determining
substantial equivalence of your device. We also considered the burden that may be incurred in your attempt to
respond to the deficiencies. We believe that we have considered the least burdensome approach to resolving these
issues. If, however, you believe that information is being requested that is not relevant to the regulatory decision
or that there is a less burdensome way to resolve the issues, you should follow the procedures outlined in the "A
Suggested Approach to Resolving Least Burdensome Issues" document. It is available on our Center web page at:
http)://www.fda.gov/MedicalDevices/DeviceReaulationandGuidance/Overview/MedicaIDeviceProvisionisofF-DAModer
nizationActlucm 136685.htn.

If after 30 days the additional information (Al), or a request for an extension of time, is not received, we will
discontinue review of your submission and proceed to delete your file from our review system (21 CFR
807.87(l)). Please note our guidance document entitled, "Guidance for Industry and FDA Staff, FDA and Industry
Actions on Premarket Notification (510(k)) Submissions: Effect on FDA Review Clock and Performance
Assessment". If the submitter does submit a written request for an extension, FDA will permit the 510(k) to
remain on hold for up to a maximum of 180 days from the date of the Al request. The purpose of this document is
to assist agency staff and the device industry in understanding how various FDA and industry actions that may be
taken on 510(k)s should affect the review clock for purposes of meeting the Medical Device User Fee and
Modernization Act. You may review this document at
http://www.fda.gov/MedicalDevices/DeviceRegulationiandGulidane/GuidanceDocuments/ucm089735.htn. Pursuant

to 21 CFR 20.29, a copy of your 510(k) submission will remain in the Office of Device Evaluation. If you then
wish to resubmit this 510(k) notification, a new number will be assigned and your submission will be considered a
new premarket notification submission.

L15
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Please remember that the Safe Medical Devices Act of 1990 states that you may not place this device into
commercial distribution until you receive a decision letter from FDA allowing you to do so.

If you have procedural questions, please contact the Division of Small Manufacturers International and Consumer
Assistance (DSMICA) at (301)796-7100 or at their toll-free number (800)638-2041, or contact the 510k staff at
(301)796-5640.

Sincerely yours,

Marjorie Shulman
Consumer Safety Officer
Premarket Notification Section
Office of Device Evaluation
Center for Devices and Radiological Health
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

U.S. Food and Drug Administration
Center for Devices and Radiological Health
Document Mail Center & W066-G609
10903 New Hampshire Avenue
Silver Spring, MD 20993-0002

December 23, 20 10

SOPHONO, INC 510k Number: K102199

C/O REGLERA, LLC
555 ZANG STREET SUITE 100 Product: OTOMAG BONE CONDUCTION

LAKEWOOD, COLORADO 80228
UNITED STATES
ATTN: CLAY ANSELMO

The additional information you have submitted has been received.

We will notify you when the processing of this submission has been completed or if any additional information is
required. Pleaseremember that all correspondence concerning your submission MUST be sent to the Document
Mail Center at the above letterhead address. Correspondence sent to any address other than the one above will not
be considered as part of your official premarket notification submission. Also, please note the new Blue Book
Memorandum regarding Fax and E-mail Policy entitled, "Fax and E-Mail Communication with Industry about
Premarket Files Under Review. Please refer to this guidance for information on current fax and e-mail practices at
http://www.fda.gov/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/ucn089402.htm. On
August 12, 2005 CDRH issued the Guidance for Industry and FDA Staff: Format for Traditional and Abbreviated
51 0(k)s. This guidance can be found at
http://www.fda.qov/MedicalDevices/DeviceRestulationandGuidance/GuidanceDocuments/ucm084365.htm. Please
refer to this guidance for assistance on how to format an original submission for a Traditional or Abbreviated
5 10(k).

The Safe Medical Devices Act of 1990, signed on November 28, states that you may not place this device into
commercial distribution until you receive a letter from FDA allowing you to do so. As in the past, we intend to
complete our review as quickly as possible. Generally we do so in 90 days. However, the complexity of a
submission or a requirement for additional information may occasionally cause the review to extend beyond 90
days. Thus, if you have not received a written decision or been contacted within 90 days of our receipt date you
may want to check with FDA to determine the status of your submission.

Please ensure that whether you submit a 510(k) Summary as per 21 CFR 807.92, or a 510(k) Statement as
per 21 CFR 807.93, it meets the content and format regulatory requirements.

If you. have procedural questions, please contact the Division of Small Manufacturers International and Consumer
Assistance (DSMICA) at (301)796-7100 or at their toll-free number (800)638-2041, or contact the 510k staff at
(301)796-5640.

Sincerely,

5 10(k) Staff

a
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

U.S. Food and Drug Administration
Center for Devices and Radiological lIalth
Document Mail Center Z W066-G609
10903 New Hampshire Avenue
Silver Spring, MD 20993-0002

October 19, 2010

SOPHONO, INC 510k Number: K102199

C/O REGLERA, LLC Product: OTOMAG BONE CONDUCTION
555 ZANG STREET SUITE 100 Ua on )I

LAKEWOOD, COLORADO 80228 Extended Until: 12/22/2010
UNITED STATES
ATTN: CLAY ANSELMO

Based on your recent request, an extension of time has been granted for you to submit the additional information we
requested.

If the additional information (Al) is not received by the "Extended Until" date shown above, your premarket
notification will be considered withdrawn (21 CFR 807.87(l)). If the submitter does submit a written request for an
extension, FDA will permit the 510(k) to remain on hold for up to a maximum of 180 days from the date of the Al
request.

If you have procedural questions, please contact the Division of Small Manufacturers International and Consumer
Assistance (DSMICA) at (301)796-7100 or at their toll-free number (800)638-2041, or contact the 510k staff at
(301)796-5640.

Sincerely yours,

Marjorie Shulman
Consumer Safety Officer
Premarket Notification Section
Office of Device Evaluation
Center for Devices and Radiological Health

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



510(k) - Request for 60 Day Extension

October 15, 2010
FDA CDRH DMC

Food and Drug Administration
Center for Devices and Radiological Health
Document Mail Center - WO66-G609
10903 New Hampshire Avenue
Silver Spring, MD 20993-0002 Received

RE: KI 02199 - Sophono Otomag Bone Conduction Hearing System
Request for 60 Day Extension

510(k) Applicant I Manufactured by: 510(k) Contact I Submission Correspondent:
Sophono, Inc. Clay Anselmo
903 Brooklawn Drive President and CEO
Boulder, CO 80303 Reglera LLC
Ph: 303-546-1663 Email: anselmoc@reglera.com
Fax: 720-222-2432 Phone/fax: 303-223-4303

Mobile: 303-907-2955

Dear Office of Device Evaluation,

We received a request for additional information dated September 23, 2010, in

response to our 510(k) premarket notification (K102199). We respectfully request a 60 day

extension to allow Sophono time to complete its response in a comprehensive manner.

We appreciate your time and consideration of this request.

Sincerely,

Clay Anse o
Reglera LLC
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

U.S. Food and Drug Administration
Center for Devices and Radiological Health
Document Mail Center & W066-G609
10903 New Hampshire Avenue
Silver Spring, MD 20993-0002

September 24, 2010

51Ok Number: K102199
SOPHONO, INC Product: OTOMAG BONE CONDUCTION
C/O REGLERA, LLC . AD sN
555 ZANG STREET SUITE 100

LAKEWOOD, COLORADO 80228

UNITED STATES
ATTN: CLAY ANSELMO

We are holding your above-referenced Premarket Notification (5 10(k)) for 30 days pending receipt of the
additional information that was requested by the Office of Device Evaluation. Please remember that all
correspondence concerning your submission MUST cite your 510(k) number and be sent in duplicate to the
Document Mail Center at the above letterhead address. Correspondence sent to any address other than the one
above will not be considered as part of your official premarket notification submission. Also, please note the new
Blue Book Memorandum regarding Fax and E-mail Policy entitled, "Fax and E-Mail Communication with
Industry about Premarket Files Under Review. Please refer to this guidance for information on current fax and
e-mail practices at
http://www.fda.gov/MedicalDevices/DeviceReguilationandGuidance/GuidanceDocuments/ucm089402.htm.

The deficiencies identified represent the issues that we believe need to be resolved before our review of your
510(k) submission can be successfully completed. In developing the deficiencies, we carefully considered the
statutory criteria as defined in Section 513(i) of the Federal Food, Drug, and Cosmetic Act for determining
substantial equivalence of your device. We also considered the burden that may be incurred in your attempt to
respond to the deficiencies. We believe that we have considered the least burdensome approach to resolving these
issues. If, however, you believe that information is being requested that is not relevant to the regulatory decision
or that there is a less burdensome way to resolve the issues, you should follow the procedures outlined in the "A
Suggested Approach to Resolving Least Burdensome Issues" document. It is available on our Center web page at:
http://www.fda.gov/MedicalDevices/DeviceRegulationandGuidanice/Overview/MedicalDeviceProvisionisofFDAModer
nizationAct/ucml 36685.htm.

If after 30 days the additional information (Al), or a request for an extension of time, is not received, we will
discontinue review of your submission and proceed to delete your file from our review system (21 CFR
807.87(l)). Please note our guidance document entitled, "Guidance for Industry and FDA Staff, FDA and Industry
Actions on Premarket Notification (510(k)) Submissions: Effect on FDA Review Clock and Performance
Assessment". If the submitter does submit a written request for an extension, FDA will permit the 510(k) to
remain on hold for up to a maximum of 180 days from the date of the Al request. The purpose of this document is
to assist agency staff and the device industry in understanding how various FDA and industry actions that may be
taken on 510(k)s should affect the review clock for purposes of meeting the Medical Device User Fee and
Modernization Act. You may review this document at
http://www.fda.gov/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/ucm089735.htm. Pursuant
to 21 CFR 20.29, a copy of your 510(k) submission will remain in the Office of Device Evaluation. If you then
wish to resubmit this 510(k) notification, a new number will be assigned and your submission will be considered a
new premarket notification submission.
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Please remember that the Safe Medical Devices Act of 1990 states that you may not place this device into
commercial distribution until you receive a decision letter from FDA allowing you to do so.

If you have procedural questions, please contact the Division of Small Manufacturers International and Consumer
Assistance (DSMICA) at (301)796-7100 or at their toll-free number (800)638-2041, or contact the 510k staff at
(301)796-5640.

Sincerely yours,

Marjorie Shulman
Consumer Safety Officer
Premarket Notification Section
Office of Device Evaluation
Center for Devices and Radiological Health
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

U.S. Food and Drug Administration
Center for Devices and Radiological Health
Document Mail Center t W066-G609
10903 New Hampshire Avenue
Silver Spring, MD 20993-0002

August 05, 2010

510k Number: K102199
SOPHONO, INC

C/O REGLERA, LLC Received: 8/4/2010

555 ZANG STREET SUITE 100 Product: OTOMAG BONE CONDUCTION
LAKEWOOD, COLORADO 80228
UNITED STATES
ATTN: CLAY. ANSELMO

The Food and Drug Administration (FDA), Center for Devices and Radiological Health (CDRH), has received
the Premarket Notification, (510(k)), you submitted in accordance with Section 510(k) of the Federal Food,
Drug, and Cosmetic Act(Act) for the above referenced product and for the above referenced 5 10(k) submitter.
Please note, if the 510(k) submitter is incorrect, please notify the 510(k) Staff immediately. We have assigned
your submission a unique 510(k) number that is cited above. Please refer prominently to this 510(k) number in
all future correspondence that relates to this submission. We will notify you when the processing of your
510(k) has been completed or if any additional information is required. YOU MAY NOT PLACE THIS
DEVICE INTO COMMERCIAL DISTRIBUTION UNTIL YOU RECEIVE A LETTER FROM FDA
ALLOWING YOU TO DO SO.

Please remember that all correspondence concerning your submission MUST be sent to the Document Mail
Center (DMC) at the above letterhead address. Correspondence sent to any address other than the one above
will not be considered as part of your official 5 10(k) submission.

On September 27, 2007, the President signed. an act reauthorizing medical device user fees for fiscal years 2008
- 2012. The legislation - the Medical Device User Fee Amendments of 2007 is part of a larger bill, the Food
and Drug Amendments Act of 2007. Please visit our website at
http://www.fda.zov/MedicalDevices/DeviceRegulationandGuidance/Overview/MedicaDeviceUserFeeandMod
ernizationActMDUFMA/default.htm
for more information regarding fees and FDA review goals. In addition, effective January 2, 2008, any firm
that chooses to use a standard in the review of ANY new 5 10(k) needs to fill out the new standards form
(Form 3654) and submit it with their 510(k). The form may be found at
http://www.fda.gov/AboutFDA/ReportsManualsForms/Forms/default.htm.

We remind you that Title VIII of the Food and Drug Administration Amendments Act of 2007 (FDAAA)
amended the PHS Act by adding new section 4020) (42 U.S.C. § 282()), which expanded the current database
known as ClinicalTrials.gov to include mandatory registration and reporting of results for applicable clinical
trials of human drugs (including biological products) and devices. Section 4026) requires that a certification
form http://www.fda.gov/AboutFDA/ReportsManualsForms/Forms/default.htm accompany 51 0(k)/HDE/PMA
submissions. The agency has issued a draft guidance titled: "Certifications To Accompany Drug, Biological
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Product, and Device Applications/Submissions: Compliance with Section 402() of The Public Health Service Act,
Added By Title VIII of The Food and Drug Administration Amendments Act of 2007"
http://www.fda.pov/MedicalDevices/DeviceRepulationandGuidance/HowtoMarket YourDevice/PremarketSubmissio

s/PremarketNotification510k/ucml34034.htm. According to the draft guidance, 5 10(k) submissions that do not
4ontain clinical data do not need the certification form.

Please note the following documents as they relate to 5 10(k) review: 1) Guidance for Industry and FDA Staff
entitled, "Interactive Review for Medical Device Submissions: 510(k)s, Original PMAs, PMA Supplements,
Original BLAs and BLA Supplements". This guidance can be found at
http://wvw.fda.sov/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/ucm089402.htm. Please
refer to this guidance for information on a formalized interactive review process. 2) Guidance for Industry and FDA
Staff entitled, "Format for Traditional and Abbreviated 510(k)s". This guidance can be found at
http://www.fda.gov/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/
ucm084365.htm. Please refer to this guidance for assistance on how to format an original submission for a
Traditional or Abbreviated 510(k).

In all future premarket submissions, we encourage you to provide an electronic copy of your submission. By doing
so, you will save FDA resources and may help reviewers navigate through longer documents more easily. Under
CDRH's e-Copy Program, you may replace one paper copy of any premarket submission (e.g., 510(k), IDE, PMA,
HDE) with an electronic copy. For more information about the program, including the formatting requirements,
please visit our web site at
http://wwvw.fda.gov/MedicalDevices/DeviceRegulationandGuidance/HowtoMarketYourDevice/PremarketSubmnissio
ns/ucm 134508.html. In addition, the 510(k) Program Video is now available for viewing on line at
http://wivw.fda.gov/MedicalDevices/DeviceRegulationandGuidance/HowtoMarketYourDevice/PremarketSubmissio
ns/PrenarketNotification51Ok/ucnO7O201.htm .

"lease ensure that whether you submit a 510(k) Summary as per 21 CFR 807.92, or a 510(k) Statement as per
I CFR 807.93, it meets the content and format regulatory requirements.

Lastly, you should be familiar with the regulatory requirements for medical devices available at Device Advice
http://www.fda.gov/MedicalDevices/DeviceRegulationandGuidance/default.htm. If you have questions on the status
of your submission, please contact DSMICA at (301)796-7100 or the toll-free number (800)638-2041 , or at their
internet address http://www.fda.gov/MedicalDevices/DeviceResulationandGuidance/default.htm. If you have
procedural questions, please contact the 5 10(k) Staff at (301)796-5640.

Sincerely,

5 10(k) Staff
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510(k) - Request for 30 Day Extension

FDA CDRH DMC
February 15, 2010 FEB16 2011

Food and Drug Administration M
Center for Devices and Radiological Health iReiwl
Document Mail Center - W066-G609
10903 New Hampshire Avenue
Silver Springs, MD 20993-0002

RE: K1 02199 - Sophono Otomag Bone Conduction Hearing System
Request for 30 Day Extension

510(k) Applicant I Manufactured by: 510(k) Contact / Submission Correspondent:
Sophono, Inc. Clay Anselmo
903 Brooklawn Drive President and CEO
Boulder, CO 80303 Reglera LLC
Ph: 303-546-1663 Email: anselmoc@reglera.com
Fax: 720-222-2432 Phone/fax: 303-223-4303

Mobile: 303-907-2955

Dear Office of Device Evaluation,

We received a request for additional information dated January 20, 2011, in response
to our 510(k) premarket notification (K102199). We have been working with the review team
interactively to address the open issues and respectfully request a 30 day extension to allow
Sophono time to complete its response in a comprehensive manner.

We appreciate your time and consideration of this request.

Sincerely,

Clay Ans o
Reglera LLC

Lis6
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. DA CDRH DMC

AUG 0 4 2010

Received .-

510(k) Cover Letter

P9AI93-
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So hono

Date of Submission: August 3, 2010

Food and Drug Administration

Center for Devices and Radiological Health

Document Mail Center - WO66-G609

10903 New Hampshire Avenue

Silver Spring, MD 20993-0002

RE: Traditional 510(k) Submission for Changes to Otomag Bone Conduction Hearing System

Dear Madam/Sir:

Sophono Inc. hereby submits this Traditional 510(k) for modifications made to a previously

cleared device. The modification described adds a new configuration into the Otomag Bone

Conduction Hearing System family. The new configuration (Alpha 1(M)) uses an implantable

magnet as a fixation system for the sound processor instead of a headband or softband as was

used in the prior version of the device cleared under K100193 - Otomag Bone Conduction

Hearing System - May 18, 2010.

The addition of the Alpha 1(M) configuration of the product requires no change in intended use

of the device, but does require minor wording changes to the Indications for Use statement. In

addition, this new configuration introduces new design specifications and new materials to the

product as well as revisions to product labeling. Modifications do not affect the fundamental

scientific technology of the device.

Device Indications For Use:

The Otomag Alpha 1 Sound Processor is intended for use with the Otomag Headband or

Otomag Softband (no age limitations), or with the Otomag Osseointegrated Magnetic Implant

(patients 5 years of age and up) for the following patients and indications:

• Patients with conductive or mixed hearing losses, who can still benefit from amplification

of sound. The pure tone average (PTA) bone conduction (BC) threshold for the

indicated ear should be better than 45 dB HL (measured at 0.5,1,2, and 3 kHz).

• Bilateral fitting is applicable for most patients having a symmetrically conductive or

mixed hearing loss. The difference between the left and right sides' BC thresholds

should be less than 10dB on average measured at 0.5, 1, 2, and 4 kHz, or less than 15

dB at individual frequencies.

• Patients who have a profound sensorineural hearing loss in one ear and normal hearing

in the opposite ear, who for some reason will not or cannot use an AC CROS. The pure

tone average (PTA) air conduction (AC) threshold of the hearing ear should be better

than 20 dB HL (measured at 0.5,1,2 and 3 kHz).

Page 04-1 of 4
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Sophono Inc. • Traditional 510(k) Otomag Bone Conduction Hearing System

Section 04: Cover Letter

Contraindications

Any factor that would cause a clinician to refer the patient for medical assessment will

temporarily, or in some cases permanently, halt the process of hearing aid fitting. These factors

include:

• A hearing loss of sudden onset;

• A rapidly progressing hearing loss;

• Pain in either ear;

• Tinnitus of sudden recent onset, or unilateral tinnitus;

• Unilateral or markedly asymmetrical hearing loss of unknown origin;

• Vertigo (e.g. dizziness)

Confidentiality:

Please be aware that Sophono Inc. considers our intent to market the Otomag Bone Conduction

Hearing System, and the information provided in support of this premarket notification, to be

confidential commercial information and afforded such protection under 21 CFR 807.95.

Material in this application may be trade secret or confidential commercial or financial

information within the meaning of 21 C.F.R. § 20.61 and, therefore, non-discloseable under the

Freedom of Information Act, even after the existence of the application becomes public. We ask

that you consult with the company as provided in 21 C.F.R. § 20.45 before making any part of

this submission publicly available.

Electronic Copy:

Please be aware that this submission contains one (1) paper copy with signatures and (1)

electronic copy that is an exact duplicate of the paper copy created in accordance with

instructions on FDA's website. The electronic copy has been placed along with a second paper

copy of the cover letter in the binder being submitted to FDA.

If any additional information is required, or the Agency has questions regarding the contents of

the submission, please contact our submission correspondent, Clay Anselmo. His contact

information is included below. We are looking forward to working with the agency and will

promptly respond to any requests or questions you may have.

Sincerely,

James F Kasic II

President and CEO

Sophono, Inc.
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Sophono Inc. - Traditional 510(k) Otomag Bone Conduction Hearing System

Section 04: Cover Letter

Submitter/Manufacturer

Name and Street Address:

Sophono, Inc.

903 Brooklawn Drive

Boulder, CO 80303

Ph: 303-546-1663

Fax: 720-222-2432

jkasic@comcast.net

Official Submission

Contact:

Establishment Registration

Number:

Clay Anselmo

President and CEO

Reglera LLC

Email: anselmoc@reglera.com

Phone/fax: 303-223-4303

Mobile: 303-907-2955

Not Yet Assigned

Type of Submission: Traditional 510(k)

Trade Name:

Common Name:

Classification Name:

Otomag Bone Conduction Hearing System

Bone Conduction Hearing Aid

874.3300 - Hearing Aid

Classification: Class

Device Classification

Panel:

Ear, Nose and Throat

Device Product Code: LXB

Basis for Submission:

Identification of the legally

marketed devices

(predicate):

Device Changes: Indications Statement, Technical

Specification Changes, Material Changes, Labeling

Changes

Prior version of Otomag Bone Conduction Hearing

System cleared in K100193.

Compliance with special

controls, mandatory

performance standards or

radiation device standards:

Not Applicable
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Sophono Inc. - Traditional 510(k) Otomag Bone Conduction Hearing System

Section 04: Cover Letter

Cited Voluntary Standards: • ISO 14971:2007: Medical devices -

application of risk management to medical

devices;

• FDA Memorandum #G95-1: Use of

International Standard ISO 10993,

Biological Evaluation of Medical Devices

Part 1: Evaluation and Testing

• ISO 17665-1:2006: Sterilization of

Healthcare Products - Moist Heat - Part 1

Requirements for the Development,

Validation, and Routine Control of

Sterilization Process for Medical Devices

• ISO 17664-1:2004: Sterilization of medical

devices - Information to be provided by the

manufacturer for the processing of

resterilizable medical devices

• ISO 15223-1:2007: Medical devices -

Symbols to be used with medical device

labels, labeling and information to be

supplied

Design and Use of the Device

Question

Is the device intended for prescription use (21 CFR 801 Subpart D)?

Is the device intended for over-the-counter use (21 CFR 807 Subpart

C)?

YES

"T""

Does the device contain components derived from a tissue or other

biologic?

Is the device provided sterile?

Is the device intended for single use?

Is the device a reprocessed single use device?

If yes, does this device type require reprocessed validation data?

Does the device contain a drug?

Does the device contain a biologic?

Does the device use software?

NO

Does the submission include clinical information?

T

v

Is the device implanted?

Page 04-4 of 4
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Sophono Inc. - Traditional 510(k) Otomag Bone Conduction Hearing System   
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Sophono Inc. - Traditional 510(k) Otomag Bone Conduction Hearing System   
Section 01: Medical Device User Fee Cover Sheet (Form 3601) 

Section 01: Medical Device User Fee Cover Sheet (Form 3601) 
See attached Form 3601  
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 Form Approved: OMB No. 0910-511 Expiration Date: January  31, 2010. See Instructions for OMB Statement.

 DEPARTMENT OF HEALTH AND HUMAN
SERVICES 
 FOOD AND DRUG ADMINISTRATION 
  MEDICAL DEVICE USER FEE COVER

SHEET

   PAYMENT IDENTIFICATION NUMBER:    

  Write the Payment Identification number on
your check.

A completed cover sheet must accompany each original application or supplement subject to
fees. If payment is sent by U.S. mail or courier, please include a copy of this completed form
with payment. Payment and mailing instructions can be found at:
http://www.fda.gov/oc/mdufma/coversheet.html

1.  COMPANY NAME AND ADDRESS
(include name, street address, city state,
country, and post office code)

 

 

SOPHONO INC
903 Brooklawn
Boulder Co 80303
US

1.1
EMPLOYER IDENTIFICATION NUMBER
(EIN)

 *****8585

2.  CONTACT NAME

 Jim Kasic

2.1 E-MAIL ADDRESS

 jkasic@comcast.net

2.2
TELEPHONE NUMBER (include Area
code)

 303-5641663

2.3
FACSIMILE (FAX) NUMBER (Include
Area code)

 

3.  TYPE OF PREMARKET APPLICATION (Select one of the following in each column; if you
are unsure, please refer to the application descriptions at the following web site:
http://www.fda.gov/oc/mdufma

 

Select an application type: 3.1 Select a center

 [X] Premarket notification(510(k)); except for third party  [X] CDRH

 [ ] 513(g) Request for Information  [ ] CBER

 [ ] Biologics License Application (BLA) 3.2  Select one of the types below

 [ ] Premarket Approval Application (PMA) [X] Original Application

 [ ] Modular PMA Supplement Types:

 [ ] Product Development Protocol (PDP) [ ] Efficacy (BLA)

 [ ] Premarket Report (PMR) [ ] Panel Track (PMA, PMR, PDP)

 [ ] Annual Fee for Periodic Reporting (APR) [ ] Real-Time (PMA, PMR, PDP)

 [ ] 30-Day Notice [ ] 180-day (PMA, PMR, PDP)

 

4.  ARE YOU A SMALL BUSINESS? (See the instructions for more information on determining
this status)

 [X] YES, I meet the small business criteria and have
submitted the required qualifying documents to FDA

  NO, I am not a small business

 4.1   If Yes, please enter your Small Business Decision Number:  SBD106241

 

7/9/2010 Site:� null

…fda.gov/…/mdufmaCScdCfgItemsPopu… 1/2
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 "Close Window" Print Cover sheet

5. FDA WILL NOT ACCEPT YOUR SUBMISSION IF YOUR COMPANY HAS NOT PAID AN
ESTABLISHMENT REGISTRATION FEE THAT IS DUE TO FDA. HAS YOUR COMPANY
PAID ALL ESTABLISHMENT REGISTRATION FEES THAT ARE DUE TO FDA?

 [X] YES (All of our establishments have registered and paid the fee, or this is our first device,
and we will register and pay the fee within 30 days of FDA's approval/clearance of this device.)

 [ ] NO (If "NO," FDA will not accept your submission until you have paid all fees due to FDA.
This submission will not be processed; see http://www.fda.gov/cdrh/mdufma for additional
information)

 

6.  IS THIS PREMARKET APPLICATION COVERED BY ANY OF THE FOLLOWING USER
FEE EXCEPTIONS? IF SO, CHECK THE APPLICABLE EXCEPTION.

 [ ] This application is the first PMA submitted by a
qualified small business, including any affiliates

 [ ] The sole purpose of the application is
to support conditions of use for a pediatric
population

 [ ] This biologics application is submitted under
section 351 of the Public Health Service Act for a
product licensed for further manufacturing use only

 [ ] The application is submitted by a state
or federal government entity for a device
that is not to be distributed commercially

 

7.  IS THIS A SUPPLEMENT TO A PREMARKET APPLICATION FOR WHICH FEES WERE
WAIVED DUE TO SOLE USE IN A PEDIATRIC POPULATION THAT NOW PROPOSES
CONDITION OF USE FOR ANY ADULT POPULATION? (If so, the application is subject to the
fee that applies for an original premarket approval application (PMA).

 

 [ ] YES  [X] NO

8.  USER FEE PAYMENT AMOUNT SUBMITTED FOR THIS PREMARKET
APPLICATION

 

 09-Jul-
2010

Form  FDA 3601 (01/2007)

7/9/2010 Site:� null

…fda.gov/…/mdufmaCScdCfgItemsPopu… 2/2
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Sophono Inc. - Traditional 510(k) Otomag Bone Conduction Hearing System   
Section 02: CDRH Premarket Review Submission Cover Sheet (Form 3514) 

Section 02: CDRH Premarket Review Submission Cover Sheet  
(Form 3514) 

See attached Form 3514  
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DEPARTMENT OF HEALTH AND HUMAN SERVICES 
FOOD AND DRUG ADMINISTRAnON 

CDRH PREMARKET REVIEW SUBMISSION COVER SHEET 
Date of Submission 

8/03/2010 

User Fee Payment 10 Number 

 

Form Approval 
OMB No. 0910-0120 
Expiration Date: August 31, 2010. 
See OMB Statement on page 5. 

FDA Submission Document Number (if known) 

PMA PMA & HDE Supplement PDP 510(k) Meeting 

D Original Submission D Regular (180 day) D Original PDP g] Original Submission: D Pre-510(K) Meeting 

D Premarket Report D Special D Notice of Completion [8J Traditional D Pre-IDE Meeting 

D Modular Submission D Panel Track (PMA Only) D Amendment to PDP D Special D Pre-PMA Meeting 

D Amendment D 3D-day Supplement Abbreviated (Complete D Pre-PDP Meeting 

D Report D 3D-day Notice 
D section I, Page 5) 

D Day 100 Meeting 

D Report Amendment D 135-day Supplement D Additional Information D Agreement Meeting 

D Licensing Agreement D Real-time Review 

D 
Amendment to PMA & 
HOE Supplement 

D Other 

D Third Party D Determination Meeting 

D Other (specify): 

IDE 

D Original Submission 

DAmendment 

D Supplement 

Humanitarian Device 
Exemption (HOE) 

D Original Submission 

D Amendment 

D Supplement 

D Report 

D Report Amendment 

Class II Exemption Petition 

D Original SUbmission 

D Additional Information 

Evaluation of Automatic 
Class III Designation 

(De Novo) 
D Original Submission 

D Additional Information 

Other Submission 

D 513(g) 

D Other 
(describe submission): 

Have you used or cited Standards in your submission? DYes (If Yes, please complete Section I, Page 5) 

SECTION B SUBMITTER, APPLICANT OR SPONSOR
 
Establishment Registration Number (if known)
 Company 1Institution Name 

Sophono, Inc 

Division Name (if applicable) 

Street Address 

903 Brooklawn Drive 

City 

Boulder 

Contact Name 

James F Kasic II 

Contact Title 

• 

Phone Number (including area code) 

303-546-1663 

FAX Number (including area code) 

720-222-2432 

State 1Province ZIP/Postal Code Country 

Colorado 80303 USA 

Contact E-mail Address 

FORM FDA 3514 (3/08) Page 1 of 5 Pages 
p~c GraphIcs (](JI) 443~I09(J EF 
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SECTION D1 REASON FOR APPLICATION - PMA, PDP, OR HDE 

D New Device D Change in design, component, or D Location change: 

D Withdrawal specification: D Manufacturer 

D Additional or Expanded Indications D Software / Hardware D Sterilizer 

D Request for Extension D Color Additive D Packager 

D Post-approval Study Protocol D Material 

D Request for Applicant Hold D Specifications 

D Request for Removal of Applicant Hold D Other (specify be/ow) D Report Submission: D Request to Remove or Add Manufacturing Site D Annual or Periodic 

D Process change: D Labeling change: 
D Post-approval Study 

D Adverse Reaction D Manufacturing D Packaging D Indications D Device Defect D Sterilization D Instructions D Amendment
D Other (specify below) D Performance Characteristics 

D Shelf life 

D Trade Name D Change in Ownership 

D Other (specify below) D Change in Correspondent 

D Response to FDA correspondence: D Change of Applicant Address 

D Other Reason (specify): 

SECTION D2 REASON FOR APPLICATION -IDE 

D New Device 

D New Indication 

D Addition of Institution 

D Expansion / Extension of Study 

D IRS Certification 

D Termination of Study 

D Withdrawal of Application 

D Unanticipated Adverse Effect 

D Notification of Emergency Use 

D Compassionate Use Request 

D Treatment IDE 

D Continued Access 

D Other Reason (specify): 

D New Device 

D Change in: 

D Correspondent / Applicant 

D Design/Device 

D Informed Consent 

D Manufacturer 

D Manufacturing Process 

D Protocol - Feasibility 

D Protocol - Other 

D Sponsor 

D Report submission: 

D Current Investigator 

D Annual Progress Report 

D Site Waiver Report 

D Final 

D Additional or Expanded Indications 

D Response to FDA Letter Concerning: 

D Conditional Approval 

D Deemed Approved 

D Deficient Final Report 

D Deficient Progress Report 

D Deficient Investigator Report 

D Disapproval 

D Request Extension of 
Time to Respond to FDA 

D Request Meeting 

D Request Hearing 

k:SI Other Reason (specify): 

Traditional 51O(k) submission for modification to an existing cleared device. The proposed modification does not affect the Intended use of the device or alter the 
fundamental scientific technology of the device. Minor wording changes to indications for use statement are being requested. 

FORM FDA 3514 (3/08) Page 2 of 5 Pages 
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FDA Document Number (if known) 
Note: Submission of this information does not affect the need to submit a 2891 or 
2891 a Device Establishment Registration form. 
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SECTION I UTILIZATION OF STANDARDS 

Note: Complete this section if your application or submission cites standards or includes a "Declaration of Conformity to a Recognized 
Standard" statement. 

Standards No. Standards Standards Title Version Date 
Organization 

1 
14971 ISO Medical Devices: Application of risk management to medical devices Second Edition 

03/0112007 

Standards No. Version DateStandards Standards Title 
Organization 

05/01/1995Use oflnternational Standard ISO 10993, Biological Evaluation of2 N/A#G95-1 FDA Medical Devices Part I: Evaluation and Testing 

DateStandards No. Standards Standards Title Version 
Organization 

Sterilization of Healthcare Products - Moist Heat- Part I 
3 08/15/200617665-1 First Edition Requirements for the Development, Validation, and Routine Control 

of Sterilization Process for Medical Devices 
ISO 

DateStandards No. Standards Standards Title Version 
Organization 

03/01/2004Sterilization of medical devices - Information to be provided by the4 17664-1 FIrst Edition ISO manufacturer for the processing ofresterilizable medical devices 

Standards No. Version DateStandards Standards Title 
Organization 

04/15/2007Medical Devices: Symbols to be used with medical device labels, 5 15223-1 First Edition ISO labelling and information to be supplied 

Standards No. Standards Standards Title Version Date 
Organization 

6 

Standards No. VersionStandards Standards Title Date 
Organization 

7 

Please include any additional standards to be cited on a separate page. 

Public reporting burden for this collection of information is estimated to average 0.5 hour per response, including the time for reviewing instructions. searching 
existing data sources, gathering and maintaining the data needed, and completing reviewing the collection of information. Send comments regarding this burden 
estimate or any other aspect of this collection of information, including suggestions for reducing this burden to 

Department of Health and Human Services 
Food and Drug AdministratIOn 
Office of the Chieflnformation Officer (HFA-71 0) 
5600 Fishers Lane 
Rockville, Maryland 20857 

An agency may not conduct or sponsor, and a person is not required to respond to, a collection ofinformation unless it displays a currently valid OMB control number. 

FORM FDA 3514 (3/08) Page 5 of 5 Pages 
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Sophono Inc. - Traditional 510(k) Otomag Bone Conduction Hearing System   
Section 03: Requirements of ClinicalTrials.gov (Form 3674) 

Section 03: Requirements of ClinicalTrials.gov (Form 3674) 
See attached Form 3674  

 

 

Page 03-1 of 3 
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Hi. OATEOF 
CERTIFICATION 

JimKasic 
(Name) . 

(Tftle) ~~~.......... . 

14. TELEPHONE AND FAX NUMBERS 
(JncJu~ A1H coo.) 

(Tel.. ) ~~:~.:.I~~ . 
72()'222·2432 

se. OMB Statement on R_. Form Ii< ro\l8d: OMB No. 0910-0618 ·ratlan O.e: 10-31·2011 

DEPARTMENT OF HEALTH AND HUMAN SERVICES
 
Food and Drug Administration
 

Certification of Compliance, under 42 U.S.C. § 282(U(5HB), with
 
Requirements of CllnlcalTrlals.gov Data Bank (42 U.S.C. § 2820U
 

o PDP OOlher 

(For submission with an appllcatlonllubmlsslon. Including amendments. sUlllllements. and resubmlsliona. under §§ 505. 515, 520(m), or 510(k) of the 
Federal Food. Drug, and Cosmetic Act or § 351 of lhe PUblic Health Service Act.) 

SophDno Inc. 

3.	 ADDRESS (Number, Slr8et, stat., and ZIP CoM) 4.	 TELEPHONE AND FAX NUMBERS 
(Include Aree CodiI)
 

903 Brooklawn Drive
 (T I) 303·546-1663 
e	 .Boulder. CO 80303 

(Fax) ?2..~~~.~~:.~~~	 . 

ProprietlllY Name: OlOlllll8 Bone Conduction HearinS System 

Classification Name: Bone Conduction Hearing Aid; 21 CFR 874.3300 

'.'.\" 

8.	 SERIAL NUMBER ASSIGNED TO APPLICATION/SUBMISSION WHICH THIS CERTIFICATION ACCOMPANIES 

.' -j •. ,:. .i.,: "	 ...!. 
9.	 CHECK ONLY ONE OF THE FOLLOVVlNG BOXES (see ina/flJOtfons for additional information anrJ explanation) 

KJ A.	 I C81t1fy that the reqUirements of 42 U.S.C. § 2820), section 4020) of the PUblic Health Service Act, enacled by 121 Sls\. 823, PublIc LlIW 
110-85, Clo not apply because the applicatiOn/submission which this certification accompanies does not reference any cIlnicalll1al. o B. I certify that the requirements of 42 U.S.C. § 2820), 5el:;\1on 4020> of the Public Health Service Act. enacted by 121 Stat. 823. Public Law 
110-85. do nol apply to any dlnlcal trial referenced in tile application/submission which this certification accompanies. o C. I C81t1fy Ihatlhe requirements of 42 U.S.C. § 2820), section 402ij) of the P~llc: Health Service Act. enacle<l Ily 121 Stat. 823, Public Law 
11()'85. apply to one or more of \tie ClInical trials re.....nced in the application/submission which this car1lfk:atlon accompanlet and that 
those reqUirementa have been met. 

10.	 IF YOU CHECKED BOX C. IN NUMBER 9, PROVIDE THE NATIONAL CLINICAL TRIAL (NeT) NUMBER(S) FOR ANY "APPUCABLE CLINICAL TRIAL(Sj," 
UNDER 42 U.S.C. § 282(j)(1)(A)(i), SECTION 402(j)(111A)(I) OF THE PUBLIC HEALTH SERVICE ACT, REFERENCED IN THE APPLICATION/ 
SUBMISSION WHICH THIS CERTIFICATION ACCOMPANIES (Altech extnt pege. 8S _sat)') 

NCT Number(s): 

(Fax) .' 

rorm FDA 3674 (11/08) (FRONT) 

Page 11 of 192 
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Instructions for Completion of Form FDA 3674 
Certification of Compliance, under 42 U.S.C. § 282(j)(5)(B), with Requirements of ClinicalTrlals.gov Data Bank (42 U.S.C. § 282(J» 
Form 3674 must accompany an application/submission, including amendments, supplements, and resubmissions, submitted under §§ 505, 
515, 520(m), or 51 O(k) of the Federal Food, Drug, and Cosmetic Act or § 351 of the Public Health Service Act. 

1. Name of Sponsor/Applicant/Submitter· This is the name of the sponsor/applicant/submitter of the drug/biologic/device application/ 
submission which the certification accompanies. The name must be identical to that listed on the application/submission. 

2. Date· This is the date of the application/submission which the certification accompanies. 

3. & 4. - Provide complete address, telephone number and fax number of the sponsor/applicant/submitter. 

5. Product Information • For Drugs/Biologics: Provide the established, proprietary name, and/or chemicaVbiochemicaVblood product/ 
cellular/gene therapy name(s) for the product covered by the application/submission. Include all available names by which the product is 
known. For Devices: Provide the common or usual name, classification, trade or proprietary or model name(s), and/or model number(s). 
Include all available names/model numbers by which the product is known. 

6. Type of Application/Submission • Identify the type of application/submission which the certification accompanies by checking the 
appropriate box. If the name of the type of application/submission is not identified, check the box labeled "Other." 

7. IND/NDA/ANDA/BLA/PMAlHDEl510(k)/PDP/Other Number· If FDA has previously assigned a number associated with the application/ 
submission which this certification accompanies, list that number in this field. For example, if the application/submission accompanied by 
this certification is an IND protocol amendment and the IND number has already been issued by FDA, that number should be provided in 
this field. 

8. Serial Number· In some instances a sequential serial number is assigned to the application. If there is such a serial number, provide it in 
this field. If there is no such number, leave this field blank. 

9. Certification· This section contains three different check-off boxes. 

Box A should be checked if the sponsor/applicant/submitter has concluded that the reqUirements of 42 U.S.C. § 282(j), section 402(j) of 
the Public Health Service Act, do not apply because no clinical trials are included, relied upon, or otherwise referred to, in the application/ 
submission which the certification accompanies. 

Box B should be checked if the sponsor/applicant/submitter has concluded that the requirements of 42 U.S.C. § 282(j), section 402(j) of 
the Public Health Service Act, do not apply at the time of submission of the certification to any clinical trials that are included, relied upon, 
or otherwise referred to, in the application/submission which the certification accompanies. This means that, even though some or all of the 
clinical trials included, relied upon, or otherwise referred to in the application/submission may be "applicable clinical trials" under 42 U.S.C. 
§ 282(j)(1 )(A)(i), section 402(j)(1 )(A)(i) of the Public Health Service Act, on the date the certification is signed, 42 U.S.C. § 282(j), section 
402(j) of the Public Health Service Act, does not require that any information be submitted to the ClinicalTrials.gov Data Bank with respect 
to those clinical trials. 

Box C should be checked if the sponsor/applicant/submitter has concluded that the requirements of 42 U.S.C. § 282(j), section 402(j) of 
the Public Health Service Act, do apply, on the date the certification is signed, to some or all of the clinical trials that are included, relied 
upon, or otherwise referred to, in the application/submission which the certification accompanies. This means that, as of the date the 
certification is signed, the requirements of 42 U.S.C. § 282(j), section 402(j) of the Public Health Service Act, apply to one or more of the 
clinical trials included, relied upon, or otherwise referred to, in the application/submission which this certification accompanies. 

10. National Clinical Trial (NCT) Numbers· If you have checked Box C in number 9 (Certification), provide the NCT Number obtained from 
www.ClinicaITrials.gov for each clinical trial that is an "applicable clinical trial" under 42 U.S.C. § 282(j)(1 )(A)(i), section 402(j)(1 )(A)(i) of the 
Public Health Service Act, and that is included, relied upon, or otherwise referred to, in the application/submission which the certification 
accompanies. Type only the number, as the term "NCT" will be added automatically before number. Include any and all NCT numbers that, 
as of the date the certification is signed, have been assigned to the clinical trials included, relied upon, or otherwise referred to, in the 
application/submission which this certification accompanies. Multiple NCT numbers may be required for a particular certification, 
depending on the number of "applicable clinical trials" included, relied upon, or otherwise referred to, in the application/submission which 
the certification accompanies. Leave this field blank if you have checked Box 9.C but, at the time the certification is completed, you have 
not yet received any NCT numbers for the "applicable clinical trial(s)" included, relied upon, or otherwise referred to in the application/ 
submission. 

11. Signature of Sponsor/Applicant/Submitter or an Authorized Representative· The person signing the certification must sign in this 
field. 

12. Name and Title of Person Who Signed in number 11 • Include the name and title of the person who is signing the certification. If the 
person signing the certifICation is not the sponsor/applicant/submitter of the application/submission, he or she must be an authorized 
representative of the sponsor/applicant/submitter. 

13. & 14.· Provide the full address, telephone and fax numbers of the person who is identified in number 11 and signs the certification in 
number 11. 

15. Provide the date the certification is signed. This date may be different from the date provided in number 2. 

Paperwork Reduction Act Statement 
Public reporting burden for this collection of information is estimated to average 15 minutes and 45 minutes (depending on the type of applicatiOn/submission) 
per response, including time for reviewing instructions. Send comments regarding this burden estimate or any other aspect of this collection of information, 
including suggestions for reducing this burden, to the address below. 

Department of Health and Human Services 
Food and Drug Administration 
Office of the Chief Information Officer (HFA-250) 
5600 Fishers Lane 
Rockville, MD 20657 

An agency may not conduct or sponsor, and a person is 
not required to respond to, a collection of information, 
unless it displays a currently valid OMS control number. 

Form FDA 3674 (11/08) (BACK) 
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510(k) Cover Letter 

 

Date of Submission: August 3, 2010 

Food and Drug Administration 
Center for Devices and Radiological Health 
Document Mail Center – WO66-G609 
10903 New Hampshire Avenue 
Silver Spring, MD  20993-0002 

 
RE: Traditional 510(k) Submission for Changes to Otomag Bone Conduction Hearing System 

 

Dear Madam/Sir: 

Sophono Inc. hereby submits this Traditional 510(k) for modifications made to a previously 
cleared device.  The modification described adds a new configuration into the Otomag Bone 
Conduction Hearing System family.  The new configuration (Alpha 1(M)) uses an implantable 
magnet as a fixation system for the sound processor instead of a headband or softband as was 
used in the prior version of the device cleared under K100193 – Otomag Bone Conduction 
Hearing System – May 18, 2010. 

The addition of the Alpha 1(M) configuration of the product requires no change in intended use 
of the device, but does require minor wording changes to the Indications for Use statement.  In 
addition, this new configuration introduces new design specifications and new materials to the 
product as well as revisions to product labeling.  Modifications do not affect the fundamental 
scientific technology of the device. 

Device Indications For Use: 
The Otomag Alpha 1 Sound Processor is intended for use with the Otomag Headband or 
Otomag Softband (no age limitations), or with the Otomag Osseointegrated Magnetic Implant 
(patients 5 years of age and up) for the following patients and indications: 

• Patients with conductive or mixed hearing losses, who can still benefit from amplification 
of sound.  The pure tone average (PTA) bone conduction (BC) threshold for the 
indicated ear should be better than 45 dB HL (measured at 0.5, 1, 2, and 3 kHz).  

• Bilateral fitting is applicable for most patients having a symmetrically conductive or 
mixed hearing loss.  The difference between the left and right sides’ BC thresholds 
should be less than 10dB on average measured at 0.5, 1, 2, and 4 kHz, or less than 15 
dB at individual frequencies.  

• Patients who have a profound sensorineural hearing loss in one ear and normal hearing 
in the opposite ear, who for some reason will not or cannot use an AC CROS.  The pure 
tone average (PTA) air conduction (AC) threshold of the hearing ear should be better 
than 20 dB HL (measured at 0.5, 1, 2 and 3 kHz).  
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Sophono Inc. - Traditional 510(k) Otomag Bone Conduction Hearing System   
Section 04: Cover Letter 

Contraindications 

Any factor that would cause a clinician to refer the patient for medical assessment will 
temporarily, or in some cases permanently, halt the process of hearing aid fitting. These factors 
include:  

• A hearing loss of sudden onset;  

• A rapidly progressing hearing loss;  

• Pain in either ear;  

• Tinnitus of sudden recent onset, or unilateral tinnitus;  

• Unilateral or markedly asymmetrical hearing loss of unknown origin;  

• Vertigo (e.g. dizziness) 

Confidentiality: 
Please be aware that Sophono Inc. considers our intent to market the Otomag Bone Conduction 
Hearing System, and the information provided in support of this premarket notification, to be 
confidential commercial information and afforded such protection under 21 CFR 807.95.   

Material in this application may be trade secret or confidential commercial or financial 
information within the meaning of 21 C.F.R. § 20.61 and, therefore, non-discloseable under the 
Freedom of Information Act, even after the existence of the application becomes public. We ask 
that you consult with the company as provided in 21 C.F.R. § 20.45 before making any part of 
this submission publicly available. 

Electronic Copy: 
Please be aware that this submission contains one (1) paper copy with signatures and (1) 
electronic copy that is an exact duplicate of the paper copy created in accordance with 
instructions on FDA’s website.  The electronic copy has been placed along with a second paper 
copy of the cover letter in the binder being submitted to FDA. 

If any additional information is required, or the Agency has questions regarding the contents of 
the submission, please contact our submission correspondent, Clay Anselmo.  His contact 
information is included below.  We are looking forward to working with the agency and will 
promptly respond to any requests or questions you may have. 

 

Sincerely, 

 

 

 

James F Kasic II 
President and CEO 
Sophono, Inc. 

 

Page 04-2 of 4 
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Sophono Inc. - Traditional 510(k) Otomag Bone Conduction Hearing System   
Section 04: Cover Letter 

Submitter/Manufacturer 
Name and Street Address: 

 Sophono, Inc. 
903 Brooklawn Drive 
Boulder, CO 80303 
Ph: 303-546-1663 
Fax: 720-222-2432 
jkasic@comcast.net 
 

Official Submission 
Contact: 

Establishment Registration
Number: 
 
Type of Submission: 
 

Traditional 510(k) 

Trade Name: Otomag Bone Conduction Hearing System 
Common Name: Bone Conduction Hearing Aid 
Classification Name: 
 

874.3300 – Hearing Aid 

Classification: 
 

Class II 

Device Classification 
Panel: 
 

Ear, Nose and Throat 

Device Product Code: 
 

LXB 

Basis for Submission: 
 

Device Changes:  Indications Statement, Technical 
Specification Changes, Material Changes, Labeling 
Changes 

Identification of the legally 
marketed devices 
(predicate): 
 

Prior version of Otomag Bone Conduction Hearing 
System cleared in K100193. 

Compliance with special 
controls, mandatory 
performance standards or 
radiation device standards: 

• Not Applicable  

Page 04-3 of 4 
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Sophono Inc. - Traditional 510(k) Otomag Bone Conduction Hearing System   
Section 04: Cover Letter 

Page 04-4 of 4 

Cited Voluntary Standards: • ISO 14971:2007: Medical devices – 
application of risk management to medical 
devices; 

• FDA Memorandum #G95-1: Use of 
International Standard ISO 10993, 
Biological Evaluation of Medical Devices 
Part 1: Evaluation and Testing 

• ISO 17665-1:2006: Sterilization of 
Healthcare Products - Moist Heat - Part 1 
Requirements for the Development, 
Validation, and Routine Control of 
Sterilization Process for Medical Devices 

• ISO 17664-1:2004: Sterilization of medical 
devices - Information to be provided by the 
manufacturer for the processing of 
resterilizable medical devices 

• ISO 15223-1:2007: Medical devices - 
Symbols to be used with medical device 
labels, labeling and information to be 
supplied 

 

Design and Use of the Device  
Question  YES  NO  

Is the device intended for prescription use (21 CFR 801 Subpart D)?     √    

Is the device intended for over-the-counter use (21 CFR 807 Subpart 
C)? 

        √ 

Does the device contain components derived from a tissue or other 
biologic?  

        √ 

Is the device provided sterile?         √ 

Is the device intended for single use?       √    

Is the device a reprocessed single use device?          √ 

If yes, does this device type require reprocessed validation data?          √ 

Does the device contain a drug?          √ 

Does the device contain a biologic?          √ 

Does the device use software?        √ 

Does the submission include clinical information?   √ 

Is the device implanted?        √  
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Sophono Inc. - Traditional 510(k) Otomag Bone Conduction Hearing System   
Section 05: 510(k) Screening Checklist 
 

Section 05:  

Screening Checklist for Traditional/Abbreviated Premarket Notification 
[510(k)] Submissions 

based on  
Guidance for Industry and FDA Staff  

Format for Traditional and Abbreviated 510(k)s  
http://www.fda.gov/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/ucm084365.htm  

 
Title Related Information Present Inadequate N/A

MDUFMA Cover Sheet Medical Device User Fee Cover Sheet     
CDRH Premarket 
Review Submission 
Cover Sheet 

CDRH Premarket Review Submission Voluntary 
Cover Sheet     

510(k) Cover Letter Appendix A of “Guidance for Industry and FDA 
Staff Format for Traditional and Abbreviated 
510(k)s” updated November 17, 2005 

   

Indications for Use 
Statement 

Device Advice “Content of a 510(k)” Section D  
   

510(k) Summary or 
510(k) Statement 

Device Advice “ Content of a 510(k)” Section E  
   

Truthful and Accuracy 
Statement 

Device Advice “Content of a 510(k)” Section G  

   

Class III Summary and 
Certification 

Class III Summary and Certification Form     

Financial Certification or 
Disclosure Statement 

FORM FDA 3454, Certification: Financial 
Interests and Arrangements of Clinical 
Investigators  
FORM FDA 3455, Disclosure: Financial Interests 
and Arrangements of Clinical Investigators  
Financial Disclosure by Clinical Investigators  

   

Declarations of 
Conformity and 
Summary Reports 
(Abbreviated 510(k)s) 

Use of Standards in Substantial Equivalence 
Determinations 
FDA Standards program  
Declaration of conformity  
Required Elements for Declaration of Conformity 
to Recognized Standard  

   

Executive Summary See section 10 in Chapter II of “Guidance for 
Industry and FDA Staff Format for Traditional 
and Abbreviated 510(k)s” updated November 
17, 2005 

   

Device Description See section 11 in Chapter II of “Guidance for 
Industry and FDA Staff Format for Traditional 
and Abbreviated 510(k)s” updated November 
17, 2005 
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Title Related Information Present Inadequate N/A
Substantial Equivalence 
Discussion 

Guidance on the CDRH Premarket Notification 
Review Program 6/30/86 (K86-3)    

Proposed Labeling Device Advice “ Content of a 510(k)” Section H     

Sterilization/Shelf Life Updated 510(k) Sterility Review Guidance (K90-
1)  
For reuse of single use devices, see Guidance 
for Industry and FDA Staff – Medical Device 
User Fee and Modernization Act of 2002 
Validation Data in Premarket Notification 
Submissions (510(k)s) for Reprocessed Single-
Use Medical Devices  

   

Biocompatibility FDA Blue Book Memo, G95-1, Use of 
International Standard ISO-10993,     

Software Guidance for the Content of Premarket 
Submissions for Software Contained in Medical 
Devices  

   

Electromagnetic 
Compatibility/Electrical 
Safety 

CDRH Medical Device Electromagnetic 
Compatibility Program  
See also IEC 60601-1- 2 Medical Electrical 
Equipment -- Part 1: General Requirements for 
Safety; EMC - Requirements and Tests (Second 
Edition, 2001) 

   

Performance Testing – 
Bench 

See section 18 in Chapter II of “Guidance for 
Industry and FDA Staff Format for Traditional 
and Abbreviated 510(k)s” updated November 
17, 2005 

   

Performance Testing – 
Animal 

See section 19 in Chapter II of “Guidance for 
Industry and FDA Staff Format for Traditional 
and Abbreviated 510(k)s” updated November 
17, 2005 

   

Performance Testing – 
Clinical 

See section 20 in Chapter II of “Guidance for 
Industry and FDA Staff Format for Traditional 
and Abbreviated 510(k)s” updated November 
17, 2005 
Certification/Disclosure Forms: Financial 
Interests and Arrangements of Clinical 
Investigators 

   

FORM FDA 3654 
Standards Data Report 
for 510(k)s -  

Standards Data Report Form – Form 3654 
1: No standard used - No Standards Form 
Required 

   

 2: Declaration of Conformity – Yes Standards 
Form Required    

 3: Standard but no declaration – Yes 
Standards Form Required    

Kit Certification Device Advice     
Last Updated:  9/3/08 – Brandi Stuart 
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Indications for Use 
 

510(k) Number:    

Device Name:  Otomag Bone Conduction Hearing System 

Indications for Use: 

The Otomag Alpha 1 Sound Processor is intended for use with the Otomag Headband or Otomag 
Softband (no age limitations), or with the Otomag Osseointegrated Magnetic Implant (patients 5 years of 
age and up) for the following patients and indications: 

• Patients with conductive or mixed hearing losses, who can still benefit from amplification of sound.  
The pure tone average (PTA) bone conduction (BC) threshold for the indicated ear should be better 
than 45 dB HL (measured at 0.5, 1, 2, and 3 kHz).  

• Bilateral fitting is applicable for most patients having a symmetrically conductive or mixed hearing 
loss.  The difference between the left and right sides’ BC thresholds should be less than 10dB on 
average measured at 0.5, 1, 2, and 4 kHz, or less than 15 dB at individual frequencies.  

• Patients who have a profound sensorineural hearing loss in one ear and normal hearing in the opposite 
ear, who for some reason will not or cannot use an AC CROS.  The pure tone average (PTA) air 
conduction (AC) threshold of the hearing ear should be better than 20 dB HL (measured at 0.5, 1, 2 
and 3 kHz). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Prescription Use ___X___  AND/OR  Over-The-Counter Use _______ 
(Part 21 CFR 801 Subpart D)  (21 CFR 801 Subpart C) 
 
(PLEASE DO NOT WRITE BELOW THIS LINE-CONTINUE ON ANOTHER PAGE IF 
NEEDED) 
____________________________________________________________________________ 

Concurrence of CDRH, Office of Device Evaluation (ODE) 
 
 

Page 1 of _1_ 
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Section 07: 510(k) Summary 

510(k) Summary: Otomag Bone Conduction Hearing System 
This summary of substantial equivalence information is being submitted in accordance with the 
requirements set forth in 21 CFR 807.92. 

Submitter:  Sophono, Inc. 

Establishment Registration Number:  Not Yet Assigned 

Contact Information: 
Sophono, Inc. 
903 Brooklawn Dr.  
Boulder, Colorado  80303 
Ph: 303-546-1663 
Fax: 720-222-2432 
Contact: Jim Kasic 
Email: jkasic@comcast.net 

Date Prepared: July 27, 2010 

Name of Device: Otomag Bone Conduction Hearing System  

Common Name: Bone Conduction Hearing System    

Classification Name:  Hearing Aid 

Device Classification:   

• Classification: II 

• Classification Panel: Ear, Nose and Throat  

• Regulation Number: 874.3300 

• Product Code: LXB 

Predicate Device:  
Otomag Bone Conduction Hearing System, Unmodified Version – K100193 

Device Description:  
The Otomag Bone Conduction Hearing System is a family of sound processors and accessories 
that operate on the principle of bone conduction of sound vibrations.  The Otomag System consists 
of two distinct configurations; Alpha 1 (S) and Alpha 1 (M).  This 510(k) is being submitted to add 
the Osseointegrated Alpha 1 (M) configuration to the existing product family. 

In the Otomag Alpha 1 (S), the Otomag Sound Processor is attached magnetically to a headband or 
softband.  The headband or softband holds the sound processor against the head and vibration is 
transduced through direct contact with the patient’s skin and the bone below.   

the Otomag Alpha 1 (M), the Otomag Sound Processor is attached magnetically to an 
osseointegrated implanted magnet assembly.  This configuration of the system is based on  
osseointegration of the implant through which living tissue integrates with the titanium implant 
causing the implant to be integrated into the bone.  The magnetic field holds the sound processor 
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Sophono Inc. - Traditional 510(k) Otomag Bone Conduction Hearing System   
Section 07: 510(k) Summary 
agains the head and vibration is transduced through direct contact with the patient’s skin and the 
bone below. 

The Otomag System is designed for use for those patients with conductive hearing loss, those 
patients who have sensorineural hearing loss up to 45 dB in combination with their conductive loss, 
and single sided deafness as defined in the indications for use.  The prescriptive formula and 
adjustments available to the audiologist in the software allow for programming the Otomag System 
for individual patient hearing loss. 

Technological Characteristics: 
The technological characteristics of the Osseointegrated version of the Otomag Bone Conduction 
Hearing System are equivalent to those of the predicate device (non-Osseointegrated version).  
Items that are identical between the Osseointegrated version and the predicate are: 

• Overall Device Performance 

• Fundamental Technology (bone conduction) 

• Software 

Technological characteristics that are different between the modified device and the predicate are 
as follows: 

• Patient contact materials:  Addition of a titanium cased magnetic implant for attachment. 

• Method of Sound Processor Attachment: Addition of a titanium cased magnetic implant for 
attachment. 

Through non-clinical performance testing and evaluation, the identified technological differences do 
not raise new questions of safety and effectiveness. 

Device Indications For Use: 
The Otomag Alpha 1 Sound Processor is intended for use with the Otomag Headband or Otomag 
Softband (no age limitations), or with the Otomag Osseointegrated Magnetic Implant (patients 5 
years of age and up) for the following patients and indications: 

• Patients with conductive or mixed hearing losses, who can still benefit from amplification of 
sound.  The pure tone average (PTA) bone conduction (BC) threshold for the indicated ear 
should be better than 45 dB HL (measured at 0.5, 1, 2, and 3 kHz).  

• Bilateral fitting is applicable for most patients having a symmetrically conductive or mixed 
hearing loss.  The difference between the left and right sides’ BC thresholds should be 
less than 10dB on average measured at 0.5, 1, 2, and 4 kHz, or less than 15 dB at 
individual frequencies.  

• Patients who have a profound sensorineural hearing loss in one ear and normal hearing in 
the opposite ear, who for some reason will not or cannot use an AC CROS.  The pure tone 
average (PTA) air conduction (AC) threshold of the hearing ear should be better than 20 
dB HL (measured at 0.5, 1, 2 and 3 kHz).  

Contraindications 

Any factor that would cause a clinician to refer the patient for medical assessment will temporarily, 
or in some cases permanently, halt the process of hearing aid fitting. These factors include:  

• A hearing loss of sudden onset;  

• A rapidly progressing hearing loss;  
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Section 07: 510(k) Summary 

Page 07-4 of 4 

• Pain in either ear;  

• Tinnitus of sudden recent onset, or unilateral tinnitus;  

• Unilateral or markedly asymmetrical hearing loss of unknown origin;  

• Vertigo (e.g. dizziness) 

Performance Standards: 
The design of the Otomag Bone Conduction Hearing System conforms to the following voluntary 
standards: 

• ISO 14971:2007: Medical devices – application of risk management to medical devices; 

• FDA Memorandum #G95-1: Use of International Standard ISO 10993, Biological 
Evaluation of Medical Devices Part 1: Evaluation and Testing 

• ISO 17665-1:2006: Sterilization of Healthcare Products - Moist Heat - Part 1 Requirements 
for the Development, Validation, and Routine Control of Sterilization Process for Medical 
Devices 

• ISO 17664-1:2004: Sterilization of medical devices - Information to be provided by the 
manufacturer for the processing of resterilizable medical devices 

• ISO 15223-1:2007: Medical devices - Symbols to be used with medical device labels, 
labeling and information to be supplied 

Non-Clinical Performance Testing:  
The Otomag Bone Conduction Hearing System has been subjected to extensive safety, 
performance testing, and verification / validation. Testing of the Otomag Bone Conduction Hearing 
System included various device performance tests and software validation tests designed to ensure 
that the device meet all of its functional specifications and is fit for its intended use. Tests have also 
been performed to ensure the device complies with industry and safety standards.  The testing 
information presented in this submission demonstrates the device’s performance is substantially 
equivalent to the predicate device. 

Conclusion: 
Based on the non-clinical performance testing, the Osseointegrated version of the Otomag Bone 
Conduction Hearing System is as safe and effective and considered to be substantially equivalent 
to the previously 510(k) cleared non-Osseointegrated version of the device (K100193). 
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Section 08: Declarations of Conformity and Summary Reports 

1. Conformity with Standards 
1.1. The Otomag Bone Conduction Hearing System and its development process conforms 

with all applicable requirements of the following National and International Standards. 

1.1.1. ISO 14971:2007: Medical devices – application of risk management to medical 
devices; 

1.1.2. FDA Memorandum #G95-1: Use of International Standard ISO 10993, Biological 
Evaluation of Medical Devices Part 1: Evaluation and Testing 

1.1.3. ISO 17665-1:2006: Sterilization of Healthcare Products - Moist Heat - Part 1 
Requirements for the Development, Validation, and Routine Control of 
Sterilization Process for Medical Devices 

1.1.4. ISO 17664-1:2004: Sterilization of medical devices - Information to be provided 
by the manufacturer for the processing of resterilizable medical devices 

1.1.5. ISO 15223-1:2007: Medical devices - Symbols to be used with medical device 
labels, labeling and information to be supplied 

1.2. FDA Form #3654 has been completed for each of the standards referenced above.  
These forms are included in Appendix A to the overall submission. 
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Section 09: Truthful and Accuracy Statement 

PREMARKET NOTIFICATION TRUTHFUL AND ACCURATE STATEMENT 

[As Required by 21 CFR 807.87(k)] 

I certify that, in my capacity as President and CEO of Sophono Inc., I believe to the best of my 
knowledge, that all data and information submitted in the premarket notification are truthful and 
accurate and that 0 material fact has been omitted. 

*Premarket Notification [51 O(k)] Number _ 

Page 09-1 of 1
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Section 10: Class III Certification and Summary 

Section 10: Class III Summary and Certification 
The Otomag Bone Conduction Hearing System is a Class II device.  This section is not 
applicable. 
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Section 11: Financial Certification or Disclosure Statement 
No information from clinical studies is submitted in this application.  Therefore no financial 
certification or disclosure statement is required. 
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3.2.1. 

3.2.2. 

Section 12: Executive Summary 

1. INTRODUCTION 

1.1. The following section contains the Executive Summary for the Otomag Bone 
Conduction Hearing System, including the Osseointegrated Alpha 1(M) version.  This 
510(k) is being submitted to add the Osseointegrated Alpha 1 (M) configuration to the 
existing product family. 

2. DEVICE DESCRIPTION 

2.1. The Otomag Bone Conduction Hearing System is a family of sound processors and 
accessories that operate on the principle of bone conduction of sound vibrations.  The 
Otomag System consists of two distinct configurations; Alpha 1 (S) and 
Osseointegrated Alpha 1 (M).   

2.1.1. In the Otomag Alpha 1 (S), the Otomag Sound Processor is attached 
magnetically to a headband or softband.  The headband or softband holds the 
sound processor against the head and vibration is transduced through direct 
contact with the patient’s skin and the bone below.   

2.1.2. In the Otomag Osseointegrated Alpha 1 (M), the Otomag Sound Processor is 
attached magnetically to an implanted Osseointegrated magnet assembly.  The 
magnetic field holds the sound processor against the head and vibration is 
transduced through direct contact with the patient’s skin and the bone below. 
The pressure applied by the magnetic attraction between the implant and the 
sound processor is equivalent to that in the Alpha 1 (S) configuration. 

2.2. The Otomag System is designed for use for those patients with conductive hearing loss, 
those patients who have sensorineural hearing loss up to 45 dB in combination with 
their conductive loss, and single sided deafness as defined in the indications for use.  
The prescriptive formula and adjustments available to the audiologist in the software 
allow for programming the Otomag System for individual patient hearing loss. 

3. INDICATIONS FOR USE  

3.1. The Indications for Use for the Osseointegrated device are identical to the predicate 
cleared in K100193.  

3.2. The Otomag Alpha 1 Sound Processor is intended for use with the Otomag Headband 
or Otomag Softband (no age limitations), or with the Otomag Osseointegrated 
Magnetic Implant (patients 5 years of age and up) for the following patients and 
indications: 

Patients with conductive or mixed hearing losses, who can still benefit from 
amplification of sound.  The pure tone average (PTA) bone conduction (BC) 
threshold for the indicated ear should be better than 45 dB HL (measured at 
0.5, 1, 2, and 3 kHz).  
Bilateral fitting is applicable for most patients having a symmetrically 
conductive or mixed hearing loss.  The difference between the left and right 
sides’ BC thresholds should be less than 10dB on average measured at 0.5, 
1, 2, and 4 kHz, or less than 15 dB at individual frequencies.  
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3.2.3. 

4.1.1. 
4.1.2. 
4.1.3. 
4.1.4. 
4.1.5. 
4.1.6. 

Patients who have a profound sensorineural hearing loss in one ear and 
normal hearing in the opposite ear, who for some reason will not or cannot 
use an AC CROS.  The pure tone average (PTA) air conduction (AC) 
threshold of the hearing ear should be better than 20 dB HL (measured at 
0.5, 1, 2 and 3 kHz).  

4. CONTRAINDICATIONS 

4.1. Any factor that would cause a clinician to refer the patient for medical assessment will 
temporarily, or in some cases permanently, halt the process of hearing aid fitting. 
These factors include:  

A hearing loss of sudden onset;  
A rapidly progressing hearing loss;  
Pain in either ear;  
Tinnitus of sudden recent onset, or unilateral tinnitus;  
Unilateral or markedly asymmetrical hearing loss of unknown origin;  
Vertigo (e.g. dizziness) 

5. SUBSTANTIAL EQUIVALENCE 

5.1. The changes to the device that are the subject of this 510(k) relate to the addition of 
another device configuration to the product family.  The additional configuration, 
called Osseointegrated Alpha 1(M) includes a Magnetic Implant that is placed in bone 
beds behind and above the patient’s ear to provide for attachment of the sound 
processor without the use of the headband or softband.  This change impacts detailed 
engineering specifications, labeling and patient contact materials, but does not alter 
the overall performance of the device.  Due to the specificity of the Indications for Use 
statement for the prior version of the device, minor wording changes are also 
required. 

5.2. The following table summarizes and compares data on the Otomag Bone Conduction 
Hearing System cleared in K100193 (predicate device) to the Osseointegrated Alpha 
1 (M) device that is the subject of this 510(k) submission.  
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Specification / 
Characteristic 

 Original Otomag Bone Conduction 
Hearing System K100193 (predicate 
device)  

Otomag Osseointegrated Bone 
Conduction Hearing System Comparison 

Classification 874.3300 874.3300 Identical 
Class Class II Class II Identical 
Product Code LXB LXB Identical 

Intended Use 

Improvement of hearing for patients with 
conductive and mixed hearing losses, 
bilateral fitting, and single-sided 
deafness 

Improvement of hearing for patients with 
conductive and mixed hearing losses, 
bilateral fitting, and single-sided deafness 

Identical 

Indications for Use 

The Otomag Alpha 1 Sound Processor is intended for use 
with the Otomag Headband or Otomag Softband (no age 
limitations) for the following patients and indications: 
• Patients with conductive or mixed hearing losses, who 

can still benefit from amplification of sound. The pure 
tone average (PTA) bone conduction (BC) threshold for 
the indicated ear should be better than 45 dB HL 
(measured at 0.5, 1, 2, and 3 kHz). 

• Bilateral fitting is applicable for most patients having a 
symmetrically conductive or mixed hearing loss. The 
difference between the left and right sides’ BC thresholds 
should be less than 10dB on average measured at 0.5, 1, 
2, and 4 kHz, or less than 15 dB at individual frequencies. 

• Patients who have a profound sensorineural hearing loss 
in one ear and normal hearing in the opposite ear, who 
for some reason will not or cannot use an AC CROS. The 
pure tone average (PTA) air conduction (AC) threshold of 
the hearing ear should be better than 20 dB HL 
(measured at 0.5, 1, 2 and 3 kHz). 

The Otomag Alpha 1 (S) Sound Processor is intended to be 
connected to the Otomag Headband or Softband. 

The Otomag Alpha 1 Sound Processor is intended for use with 
the Otomag Headband or Otomag Softband (no age limitations), 
or with the Otomag Osseointegrated Magnetic Implant (patients 
5 years of age and up) for the following patients and indications: 
• Patients with conductive or mixed hearing losses, who can 

still benefit from amplification of sound.  The pure tone 
average (PTA) bone conduction (BC) threshold for the 
indicated ear should be better than 45 dB HL (measured at 
0.5, 1, 2, and 3 kHz).  

• Bilateral fitting is applicable for most patients having a 
symmetrically conductive or mixed hearing loss.  The 
difference between the left and right sides’ BC thresholds 
should be less than 10dB on average measured at 0.5, 1, 2, 
and 4 kHz, or less than 15 dB at individual frequencies.  

• Patients who have a profound sensorineural hearing loss in 
one ear and normal hearing in the opposite ear, who for 
some reason will not or cannot use an AC CROS.  The pure 
tone average (PTA) air conduction (AC) threshold of the 
hearing ear should be better than 20 dB HL (measured at 
0.5, 1, 2 and 3 kHz).  

 

Substantially Equivalent – 
See discussion below 

Design 

A sound processor transmits sound 
vibrations that are conducted through the 
patients bone rather than via the middle 
ear - a process known as direct bone 
conduction. 

A sound processor transmits sound 
vibrations that are conducted through the 
patients bone rather than via the middle 
ear - a process known as direct bone 
conduction. 

Identical 
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 Original Otomag Bone Conduction Specification / Otomag Osseointegrated Bone 
Characteristic Hearing System K100193 (predicate Comparison Conduction Hearing System device)  

Sound Processor 

Sound Processor consists of an internal 
electronic transducer, a battery, volume 
and programming controls, and an 
internal or external microphone within a 
plastic housing. 

Sound Processor consists of an internal 
electronic transducer, a battery, volume 
and programming controls, and an internal 
or external microphone within a plastic 
housing. 

Identical 

Power Supply Zinc-air battery Zinc-air battery Identical 
Sound Processing Digital Digital Identical 

Patient Fitting 

Individual adjustment to patient 
audiogram and needs by a computer 
based fitting system used by the 
audiologist 

Individual adjustment to patient audiogram 
and needs by a computer based fitting 
system used by the audiologist 

Identical 

Frequency Processing 
Range 125 – 8kHz 125 – 8kHz Identical 

Max Gain (60dB SPL) 38 dB 38 dB Identical 
Acousto-Mechanical 
Gain at 60 dB SPL 
and 1600 Hz 

29 dB 29 dB Identical 

Material of sound 
processor coupling Stainless Steel Disc Stainless Steel Disc Identical 

Accessories/Options Direct audio input via FM jack Direct audio input via FM jack Identical 
Patient Contact 
Materials for 
Biocompatibility 
Purposes 

Fotoplast-Lac 
Fotoplast-Lac 
Titanium Grades 4 and 5 (Magnetic 
Implant) 

See discussion below 

Sterilization No sterile components Steam sterilization of surgical implant See discussion below 
Manufacturer Otomag  GmBH Otomag  GmBH Identical 
Peak Output at 90 dB 
SPL 115 dB 115 dB Identical 
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Specification / 
Characteristic 

 Original Otomag Bone Conduction 
Hearing System K100193 (predicate 
device)  

Otomag Osseointegrated Bone 
Conduction Hearing System Comparison 

Frequency range per 
ANSI S3.22-2009  280-5000 Hz 280-5000 Hz Identical 

Total harmonic 
distortion per ANSI 
S3.22-2009  

<3% <3% Identical 

Equivalent input 
noise:   17 dB SPL 17 dB SPL Identical 

Battery current drain 0.95 mA 0.95 mA Identical 
Processor:  16 Band, 4 Channel WDRC 16 Band, 4 Channel WDRC Identical 
Crossover Frequency 
Options   0-1.25, 0.25-2.75, 1.75-7.75 kHz 0-1.25, 0.25-2.75, 1.75-7.75 kHz Identical 

Compression Attack 
Time (minimum) 0.25 ms 0.25 ms Identical 

Compression Release 
Time (maximum)  8192 ms 8192 ms Identical 

Patient Volume 
Control Wheel 38 dB range 38 dB range Identical 

Power Supply 1.3 V, #675 Zinc Air Battery 1.3 V, #675 Zinc Air Battery Identical 

Force Application 
Methods Headband or Softband  

Headband or Softband (Alpha 1(S) 
Version) 
Osseointegrated Magnetic Implant (Alpha 
1(M) Version) 

Substantially Equivalent – 
See discussion below 
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6.1.1. 

6.1.2. 

6.1.3. 

6.1.4. 

6. DISCUSSION OF DIFFERENCES 

6.1. The differences in specifications identified in the comparison table above between the 
predicate Otomag Bone Conduction Hearing device and the Otomag Osseointegrated 
device as reflected in the above SE table are the following.  A detailed discussion of 
each device change is contained in Section 13 – Device Description / Description of 
Changes.   

Indications for Use: 
6.1.1.1. The changes in the Indications For Use statement simply add the 

additional Osseointegrated Magnetic Implant version of the 
product to the overall statement including an age limitation for 
use of the Osseointegrated Magnetic Implant configuration 
(Osseointegrated Alpha 1(M)) to patients 5 years of age or older.  
These changes do not impart a new intended use for the product 
and do not raise new questions of safety and effectiveness. 

Patient Contact Materials: 
6.1.2.1. The Magnetic Implant (includes attachment screws) constitute 

new patient contacting materials.  The implant is made of 
Titanium Grades 4 and 5.  This material is a biocompatible metal 
alloy not containing toxic substances.  The addition of new 
patient contact materials that are biocompatible does not raise 
new questions of safety and effectiveness. 

Sterilization: 
6.1.3.1. The Magnetic Implant is provided clean but not sterile and 

intended to be sterilized via gravity or prevacuum steam 
sterlization at the healthcare facility immediately prior to 
implantation.  The Physician’s Manual contains appropriate 
instructions for sterilization of the implant in accordance with the 
requirements of ISO 17664-1:2004: Sterilization of medical 
devices - Information to be provided by the manufacturer for the 
processing of resterilizable medical devices.  In addition, the 
specified sterilization cycle is a commonly available cycle and 
has been validated in accordance with ISO 17665-1:2006: 
Sterilization of Healthcare Products - Moist Heat - Part 1 
Requirements for the Development, Validation, and Routine 
Control of Sterilization Process for Medical Devices.  The 
addition of an appropriately specified and validated sterilization 
cycle does not raise new questions of safety and effectiveness. 

Force Application Method: 
6.1.4.1. The new Osseointegrated Alpha 1(M) configuration of the device 

utilizes a magnetic field to apply the necessary force to the 
patient’s mastoid in order to appropriately conduct sound. The 
force generated by the magnetic field is adjustable through 4 
different strength magnetic spacers provided with the product.  
Validation was performed to show that the range of forces that 
can be generated using the variety of magnetic spacers meets 
specifications derived from national and international standards 
and is substantially equivalent to the forces generated by the 
softband and headband versions of the device. 
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7.1.1. 
7.1.2. 
7.1.3. 
7.1.4. 
7.1.5. 
7.1.6. 

8.2.1. 
8.2.2. 
8.2.3. 
8.2.4. 

8.4.1. 

8.4.2. 

8.4.3. 

6.1.4.2. The approach of using a magnetic implant to attach the sound 
processor has been previously employed by another family of 
bone conduction hearing devices.  The Xomed Audiant Bone 
Conductor cleared in K855059 and K861971 employs this same 
technology for the attachment of the sound processor. 

7. APPLICATION OF DESIGN CONTROLS 

7.1. In accordance with 21 CFR 820.30 all the changes described in this submission were 
subject to the Design Control Program and Associated Procedures of both Sophono 
and Otomag. The major elements of the Design Control System applied to these 
changes included: 

Design and Development Planning 
Development of Design Outputs 
Risk Analysis / Risk Management 
Verification and Validation 
Design Review 
Design Transfer 

8. SUMMARY OF PERFORMANCE TESTING 

8.1. As a result of the application of risk analysis and the differences identified in the 
substantial equivalency comparison table, the following verification and validation 
activities were completed to ensure that the differences between the non- 
osseointegrated predicate device and the Osseointegrated version of the Otomag 
Bone Conduction Hearing System do not raise new questions of safety and 
effectiveness. 

8.2. Risk Areas identified as a result of risk analysis included: 

Material Biocompatibility 
Implant Anchoring 
Force Application to patient skin / mastoid 
Sealing of Magnetic Implant 

8.3. The following section outlines the categories of Verification and Validation testing that 
were conducted and rationale for those areas where additional testing was 
unnecessary as a result of the scope of changes. 

8.4. Performance Testing: 
Implant Anchoring: Implant Anchoring using titanium bone screws 
(Liebinger 4mm facial plating screws) were validated for this use in 
validation protocol  to this overall 
submission. 
Force Application: Validation was performed to show that the range of 
forces that can be generated using the variety of magnetic spacers meets 
specifications derived from national and international standards and is 
substantially equivalent to the forces generated by the softband and 
headband versions of the device.  This validation is documented in 
validation protocol  to this overall 
submission. 
Sealing of Magnetic Implant:  The two halves of the titanium casing are 
welded together, cleaned and 100% leak tested.  Each of these processes 
has been appropriately validated by the manufacturer (Eberle, EFS GmBH). 
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8.4.4. 

8.4.5. 

8.5.1. 

8.6.1. 

8.7.1. 

8.8.1. 

8.9.1. 

8.10.1. 

Sound Processor: The sound processor itself was not modified and 
therefore additional performance testing of this part of the device was not 
necessary 
Vibration Transmission: The method, mechanics, and materials used to 
transmit vibration from the sound processor to the patient are unchanged in 
the Osseointegrated Alpha 1(M) configuration.  The metal disc and 
magnetic spacers used in the Osseointegrated Alpha 1(M) configuration are 
identical in material and vibration application method to the Fotoplast 
encased magnets used in Alpha 1(S) configuration of the device (headband 
and softband versions).  As a result, no additional performance testing 
related to these characteristics was required for the Osseointegrated Alpha 
1(M) configuration.  

8.5. Sterilization Validation including Sterile Packaging: 
The sterilization process specified in the Physician’s Manual was validated 
in accordance with ISO 17665-1:2006: Sterilization of Healthcare Products - 
Moist Heat - Part 1 Requirements for the Development, Validation, and 
Routine Control of Sterilization Process for Medical Devices.  The validation 
was performed by Nelson Laboratories and the protocol and final report 
documenting this validation is contained in Appendix D to this overall 
submission.  In addition, the Physician’s Manual contains the information 
required by ISO 17664-1:2004: Sterilization of medical devices - Information 
to be provided by the manufacturer for the processing of resterilizable 
medical devices.   

8.6. Biocompatibility Testing: 
In accordance with the flowchart in FDA General Program Memorandum 
#G95-1, Appendix C, the titanium material used in the implant and 
associated anchoring screws is not a polymer, is a metal alloy, and does not 
contain toxic substances, therefore biocompatibility requirements for the 
material are met.  The titanium material used in the magnetic implant is well 
established as biocompatible.  

8.7. Software: 
No changes were made to either the embedded software in the sound 
processor or the fitting software associated with the device; therefore no 
software testing is associated with this modification to the device. 

8.8. Electrical Safety Testing: 
The changes made to the modified version of the device have no 
effect/impact on electrical safety, and therefore no additional electrical 
safety testing was required. 

8.9. EMC Testing: 
The changes made to the modified version of the device have no 
effect/impact on EMC performance, and therefore no additional EMC testing 
was required. 

8.10. Animal / Clinical Testing 
Animal and Clinical studies were not deemed necessary to validate the 
changes in the Osseointegrated Alpha 1(M) version of the device.  
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9. CONCLUSION 

9.1. The results of analyses, evaluation, and testing of the Otomag Bone Conduction 
Hearing System demonstrate that the Osseointegrated device is substantially 
equivalent to the prior cleared version of the device both in Intended Use and 
technological characteristics.  The changes to the device do not raise new questions 
of safety and effectiveness and have been appropriately validated through the 
application of Otomag’s and Sophono’s design control programs. 
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Section 13: Device Description / Description of Changes 

1. General Introduction 
1.1. The following section contains both a detailed description of the device in its various 

configurations as well as a detailed description of the planned changes to the device 
which are the subject of this 510(k). 

1.1.1. The changes described in section 9 below introduce a new configuration into the 
Otomag Bone Conduction Hearing System family.  The new osseointegrated 
configuration (Alpha 1(M)) uses an implantable magnet encased in titanium as a 
retention system for the sound processor instead of a headband or softband as 
was used in the prior version of the device cleared under K100193. 

1.1.2. The addition of the Alpha 1(M) configuration of the product requires no change in 
intended use of the device, but does require minor wording changes to the 
Indications for Use statement.  In addition, this new configuration introduces new 
material, performance and design specifications to the product as well as 
revisions to product labeling. No changes to software or to the sound processor 
are being made as a part of introducing this additional configuration. 

1.2. The content of the Device Description sections below (sections 2-8) are intended to fulfill 
the device description requirements from 21 CFR 807.87.  Section 9 is intended to 
describe in detail each planned device change. 

2. Device Introduction 

2.1. The Otomag Bone Conduction Hearing System is a family of sound processors and 
accessories that operate on the principle of bone conduction of sound vibrations.  The 
Otomag System consists of two distinct configurations; Alpha 1 (S) and the 
osseointegrated Alpha 1 (M).  This 510(k) is being submitted to add the Alpha 1 (M) 
configuration to the existing product family. 

2.1.1. In the Otomag Alpha 1 (S), the Otomag Sound Processor is attached 
magnetically to a headband or softband.  The headband or softband holds the 
sound processor against the head and vibration is transduced through direct 
contact with the patient’s skin and the bone below.   

2.1.2. In the Otomag Alpha 1 (M), the Otomag Sound Processor is attached 
magnetically to an implanted magnet assembly.  The magnetic field holds the 
sound processor against the head and vibration is transduced through direct 
contact with the patient’s skin and the bone below. Vibration is not primarily 
transmitted through the magnetic implant. 

2.2. The Otomag System is designed for use for those patients with conductive hearing loss, 
those patients who have sensorineural hearing loss up to 45 dB in combination with their 
conductive loss, and single sided deafness as defined in the indications for use.  The 
prescriptive formula and adjustments available to the audiologist in the software allow for 
programming the Otomag System for individual patient hearing loss. 
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3. Indications For Use: 

3.1. The Otomag Alpha 1 Sound Processor is intended for use with the Otomag Headband or 
Otomag Softband (no age limitations), or with the Otomag Osseointegrated Magnetic 
Implant (patients 5 years of age and up) for the following patients and indications: 

3.1.1. Patients with conductive or mixed hearing losses, who can still benefit from 
amplification of sound.  The pure tone average (PTA) bone conduction (BC) 
threshold for the indicated ear should be better than 45 dB HL (measured at 0.5, 
1, 2, and 3 kHz).  

3.1.2. Bilateral fitting is applicable for most patients having a symmetrically conductive 
or mixed hearing loss.  The difference between the left and right sides’ BC 
thresholds should be less than 10dB on average measured at 0.5, 1, 2, and 4 
kHz, or less than 15 dB at individual frequencies.  

3.1.3. Patients who have a profound sensorineural hearing loss in one ear and normal 
hearing in the opposite ear, who for some reason will not or cannot use an AC 
CROS.  The pure tone average (PTA) air conduction (AC) threshold of the 
hearing ear should be better than 20 dB HL (measured at 0.5, 1, 2 and 3 kHz). 

4. Classifying Regulation and Product Code 

4.1. Regulation Number:  21 CFR 874.3300 

4.2. Product Code:  LXB 

5. Detailed Device Description 

5.1. Device and Company Nomenclature 

5.1.1. The Otomag Alpha 1 Sound Processor may also be called the Alpha 1 Sound 
Processor, the Sound Processor, or Alpha 1.  These terms are used 
synonymously throughout this document, any accompanying attachments, and 
product labeling. 

5.1.2. The Otomag Alpha 1(S) Configuration may also be called the Alpha 1(S) or 1(S) 
configuration.  These terms are used synonymously throughout this document, 
any accompanying attachments, and product labeling. 

5.1.3. The Otomag Osseointegrated Alpha 1(M) Configuration may also be called the 
Alpha 1(M) or 1(M) configuration.  These terms are used synonymously 
throughout this document, any accompanying attachments, and product labeling. 

5.1.4. Sophono, Inc 

5.2. Description of the Alpha 1(S) Configuration 

5.2.1. In the Alpha 1(S) configuration, the Sound Processor can be used with a 

Page 13-2 of 15 
 
 
Page 39 of 192

(b)(4)

(b)(4)

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Sophono Inc. – Traditional 510(k) for the Otomag Bone Conduction Hearing System  
Section 13: Device Description 
 

headband or softband.  Both the headband and softband are equipped with 
magnets encapsulated by Fotoplast (plastic) materials. 

5.2.2. For this configuration, a metal disc is screwed into the Alpha 1 Sound Processor 
(Figure 3).  The magnets within on the headband or softband magnetize to the 
Alpha 1 Sound Processor metal disc (Figure 1, Boxes B, D, E). 

5.2.3. The softband holds the Alpha 1 to the side of the head by adjusting its elastic 
band and securing the fit with a Velcro closure (Figure 1, Boxes A-D).  The 
headband holds the Alpha 1 to the side of the head by means of a springy metal 
bow (Figure 1, Boxes E & F).  The figure shows the headband and softband with 
and without the Alpha 1 Sound Processor attached via the magnets.   

 
Figure 1: Alpha 1(S) Configuration / Headband, Softband, and Sound Processor 

 

Metal 
Disc
Metal 
Disc

 
Figure 2: Alpha 1 Sound Processor w/ Metal Disc for Magnetic Attachment to Headband / Softband 
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5.3. Description of the Osseointegrated Alpha 1 (M) Configuration (Addition to Product 
Family) 

5.3.1. In the Alpha 1(M) configuration, the Alpha 1 Sound Processor is used with an 
Otomag Osseointegrated Magnetic Implant (similar to cochlear implant magnets) 
and a plastic magnetic spacer.  The plastic magnetic spacers are equipped with 
magnets encapsulated by Fotoplast (plastic) materials. Figure 3 below shows the 
details of the configuration.  

 

                     

Magnetic Spacer 

Magnetic Implant 

Screws 

Alpha 1 external 
audio processor

 
Figure 3: Alpha 1 (M) Magnetic Implant System 

5.3.2. For this configuration, the same metal disc used in the Alpha 1(S) configuration is 
used to attach the sound processor to plastic magnetic spacer.  The magnets 
within the plastic magnetic spacer are then additionally used to secure the 
external assembly (sound processor and spacer) to the magnetic implant across 
the patient’s skin.   

5.3.3. To ensure that appropriate pressure is applied between the sound processor and 
the patient’s skin / bone, various strengths of magnetic spacers are available

5.3.4. The magnetic implant is screwed to the skull with Stryker self-tapping titanium 
facial plating screws. The implant consists of two magnets (similar to cochlear 
implant magnets) hermetically sealed in a titanium case that are recessed into 
bone beds at the surgical impant site. See the Physician’s Manual in Section 15 
of the overall submission for detailed implantation instructions. 

5.4. Description of the Otomag Alpha 1 Sound Processor 

5.4.1. A key component of the Otomag System is the Alpha 1 Sound Processor, which 
is similar to a behind the ear air conduction hearing with a traditional bone 
conduction vibrator.  The Alpha 1 Sound Processor utilizes proprietary software.  
The Alpha 1 Sound Processor is available for left or right sides with or without an 
external microphone, and with or without an FM jack. 

5.4.2. The Alpha 1 Sound Processor consists of an internal electronic transducer, a 
battery, volume and programming controls, and an internal or external 
microphone (Figure 4) within a plastic housing.  The microphone opening is 
situated in the bottom of the housing and the vibrator in the upper part of the 
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housing.  The volume control with integrated switch and the battery compartment 
are accessible to the patient on the housing.  The programming socket is situated 
beneath a cover.  The programming socket is used for initial programming of the 
hearing device, as well as when adjustments are needed.  No part of the sound 
processor has prolonged user contact. 

 

 
Figure 4: Alpha 1 Sound Processor 

Programming 
Button

Volume Control

Electronics & 
Battery

Internal 
Transducer

Microphone

Programming 
Button

Volume Control

Electronics & 
Battery

Internal 
Transducer

Microphone

 
 

5.4.3. Sound Processor Circuit Description 

5.4.3.1. The Alpha 1 Sound Processor utilizes a conventional hearing aid circuit 
based

5.4.3.2. As an alternative to sound reception with the microphone, an 
electromagnetic signal can also be received by means of an FM link on 
those Alpha 1 Sound Processors that have an FM jack.  The jack is 
compatible with the Phonak MLxi FM receiver boot.  

5.4.3.3. 

5.4.4. Gravity 2 Software Description 

5.4.4.1. The Otomag Gravity 2 Fitting Software is based on the
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5.4.4.2.

5.4.4.3. The design of the Otomag Alpha 1 Sound Processor requires that it is a 
four-channel bone conduction sound processor whose signal 
processing is implemented by a digital signal processor (DSP).  It is 
required that adjustment of the acoustic parameters occurs through 
digital control via a PC and the Otomag Gravity 2 software.  The 
following programmable parameters are available in all four channels: 
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5.5. Osseointegrated Magnetic Implant 

5.5.1. The implant consists of two Samarium Cobalt ) magnets hermetically 
sealed in a titanium housing as shown in Figure 5. The implant is manufactured 
for   Validation documentation associated with 
the implant’s performance as a retention mechanism for the sound processor can 
be seen in Appendix C to the overall submission.  Biocompatibility information, 
including material specifications for the implant can be found in Appendix B to the 
overall submission.  Each implant is welded, cleaned, and 100% leak tested by 
the manufacturer using formally validated processes. 

5.5.2. The magnetic implant is placed in 3 mm deep bone beds as shown in Figure 6 
and Figure 7.  The implant is secured using 4 mm titanium facial plating screws. 

 

 
Figure 5:  Magnetic Implant 

 

 
Figure 6: Bone Beds 

5.5.3. The magnetic implant is supplied to the physician clean but non-sterile, in sealed 
packaging to prevent contamination.  The device is intended to be steam 
sterilized at the healthcare facility prior to implantation.  Instructions and 
requirements for performing steam sterlization are included in the Physician’s 
Manual contained in Section 15 to the overall submission. 
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Figure 7: Implant Secured into Bone Beds 

5.6. Magnetic Spacer  

5.6.1. The spacer consists of a nickel plated neodymium iron boron magnet 

as shown in Figure 8 and Figure 9.  
Both plastic materials are those commonly used for the production of custom ear 
molds.  Complete material specifications can be found in Appendix B to the 
overall submission.  Four magnetic strengths of the spacer are available to 
accommodate for variations in skin thicknesses and holding requirements to 
obtain approximately 2.5 N to 5.4 N of holding force. 

 

 
Figure 8: Magnetic Spacer 

 

 
Figure 9: Sound Processor Attached to Magnetic Spacer 

6. Patient-Contacting Components and Materials  

6.1. The components of the Otomag System that are patient contacting are the Fotoplast 
components on the headband / softband, the Fotoplast Magnetic Spacer, and the 
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titanium magnetic implant.  All materials used in the Alpha 1 device are materials 
commonly used in medical devices in the same applications (external tissue contact, 
implant).  Biocompatibility information for these materials is contained in Section 17 and 
Appendix B of the overall submission.  Each Magnetic Implant is cleaned to remove any 
manufacturing process contaminants.    

6.2. Fotoplast-Lac and Fotoplast S IO 

6.2.1. The Fotoplast S IO is the material that directly encapsulates the magnets in the 
softband and headband.  The Fotoplast-Lacquer 3 is a light-curing one-
component lacquer used to coat the Fotoplast S IO encapsulated magnets.  This 
Fotoplast-Lacquer 3 material is in direct skin contact with healthy skin behind the 
ear, at the site of bone conduction.  Both materials have been found 
biocompatible for their intended use.  These materials are commonly used to 
fabricate hearing aid earmolds and thus have years of use in the ear canal 
without biocompatibility problems. 

6.3. Titanium 

6.3.1. In accordance with the flowchart in FDA General Program Memorandum #G95-1, 
Appendix C, the titanium material used in the implant and associated anchoring 
screws is not a polymer, is a metal alloy, and does not contain toxic substances, 
therefore biocompatibility requirements for the material are met.  The titanium 
material used in the magnetic implant is well established as biocompatible and is 
used in many medical implant applications.   

6.3.2. The bone screws used to anchor the magnetic implant are also titanium.  These 
screws are manufactured by Stryker Leibinger and are a legally marketed device 
which was cleared under K970912 for use as self threading bone screw. 

7. Kit Configurations 

7.1. The Otomag System will be available in two kit configurations (e.g., Alpha 1 (S) with 
appropriate means of attachment, Alpha 1 (M) with appropriate magnetic spacers) or the 
components may be ordered separately.  Each kit or component will be labeled 
appropriately and will include the Patient User Manual and / or the Physician Instructions 
for Use as appropriate.  

7.2. Each Alpha 1 Sound Processor will be available in right or left sided versions, with either 
an internal or external microphone, and with or without an FM jack.  Alpha 1 Sound 
Processor configurations are show in Table 3. 
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Table 3 
Sound Processor Configurations  

Internal Microphone Right sided 
 External Microphone 

Internal Microphone Left sided 
External Microphone 

With FM Jack 

Internal Microphone Right sided 
 External Microphone 

Internal Microphone Left sided 
 External Microphone 

Without FM Jack 

 

7.3. An example of a component that is likely to be sold separately is an Alpha 1 (S) Sound 
Processor.  Because it will not be known if the patient prefers a softband or headband, 
the Alpha 1 (S) will likely be shipped separately from the softband or headband. 

7.4. Sophono, Inc. will also distribute to qualified hearing healthcare providers the Otomag 
Gravity 2 Fitting Software. 

8. Specifications and Characteristics 

8.1. Device Technical Specifications 

8.1.1. Alpha 1 Sound Processor Specifications 

8.1.1.1. Acousto – mechanical gain at 60 dB SPL and 1600 Hz:  29 dB 

8.1.1.2. Maximum Gain at 60 dB SPL: 38 dB 

8.1.1.3. Peak Output at 90 dB SPL:  115 dB 

8.1.1.4. Frequency range per ANSI S3.22-2009:  280-5000 Hz  

8.1.1.5. Frequency processing range: 125-8000 Hz 

8.1.1.6. Total harmonic distortion per ANSI S3.22-2009: <3%  

8.1.1.7. Equivalent input noise:  17 dB 

8.1.1.8. Battery current drain:  0.95 mA 

8.1.1.9. Processor: 16 Band, 4 Channel WDRC  

8.1.1.10. Crossover Frequency Options:  0-1.25, 0.25-2.75, 1.75-7.75 kHz 

8.1.1.11. Compression Attack Time: 0.25 ms 

8.1.1.12. Compression Release Time: 8192 ms 

8.1.1.13. Patient Volume Control Wheel: 38 dB range 

8.1.1.14. Power Supply: 1.3 V, #675 Zinc Air Battery 

8.1.2. Magnetic Spacer Specifications 

8.1.2.1. Magnetic Field Force
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8.1.2.2. Spacer Sizes: 2mm, 4mm, 6mm, 8mm 

8.1.2.3. Patient Contact Material:  Fotoplast LAC 

8.1.3. Magnetic Implant Specifications 
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9. Description of Changes 
9.1. The following section contains a summarized description of the changes to the device that include Indications for Use, 

additional hardware, and labeling.  It should be noted that the changes described below do not constitute a change in 
intended use of the device, or the fundamental scientific principles of the device.  

Change  
Number 

Affected 
Area 

Description of Change Impact of Change on 
Risk Analysis 

Additional Required 
Mitigation 

C1 Indications for 
Use 

Minor wording change in the Indications for Use 
statement to add the term “..or magnetic implant” 
to the end of the first paragraph.  The new 
paragraph now reads: “The Otomag Alpha 1 
Sound Processor is intended for use with the 
Otomag Headband, Otomag Softband (no age 
limitations), or with the Otomag Osseointegrated 
Magnetic Implant (patients 5 years of age and up) 
for the following patients and indications:…” 
In addition, the following paragraph was removed 
because it was redundant with the first paragraph:  
“The Otomag Alpha 1 (S) Sound Processor is 
intended to be connected to the Otomag 
Headband or Softband.” 
 

None: Changes in Indications 
for Use statement are minor 
and do not result in a new 
Intended Use for the device.  
Specific impacts of design 
changes associated with this 
Indications for Use change are 
analyzed in each additional 
line item in this table. 

None 
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Change  Affected Description of Change Impact of Change on Additional Required 
Number Area Risk Analysis Mitigation 

C2 Force 
Application 

Method 

Addition of the magnetic spacer in 4 strengths, to 
be used in conjunction with the magnetic implant, 
to mimic the pressure applied by the softband or 
headband.  Spacers are chosen by the fitting 
physician, based on tissue thickness, to ensure 
an application force of between approximately 2.5 
and 5.4 N.   
Material of the magnetic spacer is identical to the 
skin contact materials present in the headband 
and the softband (Fotoplast Lacquer 3). 
Part of the function of the magnetic spacer is 
identical to the prior version of the device which 
utilized a magnetic field to hold the sound 
processor to the headband or softband. 
In addition to holding the Sound Processor, the 
magnetic spacer additionally holds the Sound 
Processor assembly (Sound Processor and 
magnetic spacer) to the patient’s skin through the 
creation of an attractive magnetic field. 
 

None:   
• Patient Contact materials 

for this component are 
identical to the prior version 
of the device 

• The switch from pressure 
application via the 
headband or softband to an 
attractive magnetic field 
does not impact risk 
assessment as long as 
forces are equivalent 

Otomag Softband, 
Headband, and Magnetic 
Implant Static Force 
Verification / Validation 
Protocol, DG-35: Validation 
showed magnetic attachment 
mechanism via magnetic 
implant is equivalent to 
headband / softband versions 
of the device. 
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Change  Affected Description of Change Impact of Change on Additional Requir
Number Area Risk Analysis 

ed 
Mitigation 

C3 Force 
Application 

Method / Patient 
Contact 

Materials 

Addition of the magnetic implant, to be used in 
conjunction with the magnetic spacer, to mimic 
the pressure applied by the softband or 
headband. 
Patient contact material of the magnetic implant is 
Titanium.  Magnets are hermetically sealed within 
the titanium case.  The magnet is of similar 
design and the same construction methods as is 
used in currently available cochlear implants.  
Screws used to anchor the implant in the bone 
beds are included with the device and are 4 mm 
titanium bone screws manufactured by Stryker 
Leibinger and cleared under K970912. 

The addition of the implanted 
magnet raises the following 
new risks not present in the 
prior version of the device 
• Biocompatibility related the 

implant 
As discussed immediately 
above, the switch from 
pressure application via the 
headband or softband to an 
attractive magnetic field does 
not impact risk assessment as 
long as forces are equivalent 
 

• See Appendix B for 
Biocompatibility 
information for the 
magnetic implant 

• Otomag Softband, 
Headband, and Magnetic 
Implant Static Force 
Verification / Validation 
Protocol, DG-35: 
Validation showed 
magnetic attachment 
mechanism via magnetic 
implant is equivalent to 
headband / softband 
versions of the device. 

• Otomag Magnetic Implant 
Screw Retention Force 
Validation Protocol, DG-
36: Showed the retention 
force of the 5 retention 
screws far exceeds the 
forces applied to the 
implant during operation. 
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Change  
Number 

Affected 
Area 

Description of Change Impact of Change on 
Risk Analysis 

Additional Required 
Mitigation 

C4 Labeling Primary Device Labeling has been modified to 
include clear identification of which configuration 
of the device is included (Alpha 1(S) or 
Osseointegrated Alpha 1(M)) 
Physician’s Manual has been revised to include 
implant and explant instructions, magnetic spacer 
fitting instructions, and additional Warnings / 
Cautions related to the magnetic implant. 
Users Manual has been revised to include 
additional user instructions for placement of the 
Sound Processor with the magnetic implant, and 
additional Warnings / Cautions related to the 
magnetic implant. 
A label has been developed for the magnetic 
implant packaging to correctly identify this portion 
of the device. 

None: Additional instructions 
are intended to ensure safe, 
effective use of the device.  
New Warnings and Cautions 
are included as a result of 
detailed risk analysis.  The 
labeling changes themselves 
only serve to lower overall risk 
associated with the device 

None 
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2.1.1. 

2.1.2. 

2.1.3. 

2.1.4. 

Section 14: Substantial Equivalence Discussion 

1. INTRODUCTION 

1.1. Section 14 of this Traditional 510(k) identifies the predicate device and provides a 
detailed comparison between the modified device that forms the subject of this 
Traditional 510(k) and the predicate device in order to demonstrate the substantial 
equivalence of the two devices.  

2. PREDICATE DEVICE 

2.1. The predicate device for the osseointegrated version of the Otomag Bone Conduction 
Hearing System is the non-osseointegrated version of this device.  The device 
changes presented in this 510(k) do not substantially alter the device with regards to 
the following: 

Intended Use 

Fundamental Technological Characteristics 

2.1.2.1. Device Performance 

2.1.2.2. Operating Principles 

Target User and Patient Populations 

Use Environment 

2.2. The changes to the device that are the subject of this 510(k) relate to the addition of 
another device configuration to the product family.  The additional configuration, 
called Alpha 1(M), includes an osseointegrated Magnetic Implant that is placed in 
bone beds behind and above the patient’s ear to provide for attachment of the sound 
processor without the use of the headband or softband.  This change impacts detailed 
engineering specifications and patient contact materials, but does not alter the overall 
performance of the device.  Due to the specificity of the Indications for Use statement 
for the prior version of the device, minor wording changes are also required. 
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3.

Page 14-2 of 6 

3.1. 

 SUBSTANTIAL EQUIVALENCE COMPARISON TABLE 

The following table summarizes and compares data on the Otomag Bone Conduction Hearing System cleared in K100193 (predicate 
device) to the osseointegrated device that is the subject of this 510(k) submission.  

Specification / 
Characteristic 

 Original Otomag Bone Conduction 
Hearing System K100193 (predicate 
device)  

Otomag Bone Conduction Hearing 
System Comparison 

Classification 874.3300 874.3300 Identical 

Class Class II Class II Identical 

Product Code LXB LXB Identical 

Intended Use 
Improvement of hearing for patients with 
conductive and mixed hearing losses, 
bilateral fitting, and single-sided deafness 

Improvement of hearing for patients with 
conductive and mixed hearing losses, 
bilateral fitting, and single-sided deafness 

Identical 

Indications for Use 

The Otomag Alpha 1 Sound Processor is intended for use with 
the Otomag Headband or Otomag Softband (no age limitations) 
for the following patients and indications: 
• Patients with conductive or mixed hearing losses, who can 

still benefit from amplification of sound. The pure tone 
average (PTA) bone conduction (BC) threshold for the 
indicated ear should be better than 45 dB HL (measured at 
0.5, 1, 2, and 3 kHz). 

• Bilateral fitting is applicable for most patients having a 
symmetrically conductive or mixed hearing loss. The 
difference between the left and right sides’ BC thresholds 
should be less than 10dB on average measured at 0.5, 1, 2, 
and 4 kHz, or less than 15 dB at individual frequencies. 

• Patients who have a profound sensorineural hearing loss in 
one ear and normal hearing in the opposite ear, who for 
some reason will not or cannot use an AC CROS. The pure 
tone average (PTA) air conduction (AC) threshold of the 
hearing ear should be better than 20 dB HL (measured at 
0.5, 1, 2 and 3 kHz). 

The Otomag Alpha 1 (S) Sound Processor is intended to be 
connected to the Otomag Headband or Softband. 

The Otomag Alpha 1 Sound Processor is intended for use with 
the Otomag Headband or Otomag Softband (no age limitations), 
or with the Otomag Osseointegrated Magnetic Implant (patients 5 
years of age and up) for the following patients and indications: 
• Patients with conductive or mixed hearing losses, who can 

still benefit from amplification of sound.  The pure tone 
average (PTA) bone conduction (BC) threshold for the 
indicated ear should be better than 45 dB HL (measured at 
0.5, 1, 2, and 3 kHz).  

• Bilateral fitting is applicable for most patients having a 
symmetrically conductive or mixed hearing loss.  The 
difference between the left and right sides’ BC thresholds 
should be less than 10dB on average measured at 0.5, 1, 2, 
and 4 kHz, or less than 15 dB at individual frequencies.  

• Patients who have a profound sensorineural hearing loss in 
one ear and normal hearing in the opposite ear, who for 
some reason will not or cannot use an AC CROS.  The pure 
tone average (PTA) air conduction (AC) threshold of the 
hearing ear should be better than 20 dB HL (measured at 
0.5, 1, 2 and 3 kHz).  

 

Substantially Equivalent 
– See discussion below 
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 Original Otomag Bone Conduction Specification / Otomag Bone Conduction Hearing 
Characteristic Hearing System K100193 (predicate Comparison System device)  

Design 

A sound processor transmits sound 
vibrations that are conducted through the 
patients bone rather than via the middle 
ear - a process known as direct bone 
conduction. 

A sound processor transmits sound 
vibrations that are conducted through the 
patients bone rather than via the middle ear 
- a process known as direct bone 
conduction. 

Identical 

Sound Processor 

Sound Processor consists of an internal 
electronic transducer, a battery, volume 
and programming controls, and an internal 
or external microphone within a plastic 
housing. 

Sound Processor consists of an internal 
electronic transducer, a battery, volume 
and programming controls, and an internal 
or external microphone within a plastic 
housing. 

Identical 

Power Supply Zinc-air battery Zinc-air battery Identical 
Sound Processing Digital Digital Identical 

Patient Fitting 
Individual adjustment to patient audiogram 
and needs by a computer based fitting 
system used by the audiologist 

Individual adjustment to patient audiogram 
and needs by a computer based fitting 
system used by the audiologist 

Identical 

Frequency 
Processing Range 125 – 8kHz 125 – 8kHz Identical 

Max Gain (60dB 
SPL) 38 dB 38 dB Identical 

Acousto-Mechanical 
Gain at 60 dB SPL 
and 1600 Hz 

29 dB 29 dB Identical 

Material of sound 
processor coupling Stainless Steel Disc Stainless Steel Disc Identical 

Accessories/Options Direct audio input via FM jack Direct audio input via FM jack Identical 
Patient Contact 
Materials for 
Biocompatibility 
Purposes 

Fotoplast-Lac 
Fotoplast-Lac 
Titanium Grade 4 and 5 (Magnetic Implant) 

See discussion below 
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Specification / 
Characteristic 

 Original Otomag Bone Conduction 
Hearing System K100193 (predicate 
device)  

Otomag Bone Conduction Hearing 
System Comparison 

Sterilization No sterile components Steam sterilization of surgical implant See discussion below 
Manufacturer Otomag  GmBH Otomag  GmBH Identical 
Peak Output at 90 
dB SPL 115 dB 115 dB Identical 

Frequency range per 
ANSI S3.22-2009  280-5000 Hz 280-5000 Hz Identical 

Total harmonic 
distortion per ANSI 
S3.22-2009  

<3% <3% Identical 

Equivalent input 
noise:   17 dB SPL 17 dB SPL Identical 

Battery current drain 0.95 mA 0.95 mA Identical 
Processor:  16 Band, 4 Channel WDRC 16 Band, 4 Channel WDRC Identical 
Crossover 
Frequency Options   0-1.25, 0.25-2.75, 1.75-7.75 kHz 0-1.25, 0.25-2.75, 1.75-7.75 kHz Identical 

Compression Attack 
Time (minimum) 0.25 ms 0.25 ms Identical 

Compression 
Release Time 
(maximum)  

8192 ms 8192 ms Identical 

Patient Volume 
Control Wheel 38 dB range 38 dB range Identical 

Power Supply 1.3 V, #675 Zinc Air Battery 1.3 V, #675 Zinc Air Battery Identical 

Force Application 
Methods Headband or Softband  

Headband or Softband (Alpha 1(S) 
Version) 
Osseointegrated Magnetic Implant (Alpha 
1(M) Version) 

Substantially Equivalent 
– See discussion below 
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4.1.1. 

4.1.2. 

4.1.3. 

4. DISCUSSION OF DIFFERENCES 

4.1. The differences in specifications identified in the comparison table above between the 
predicate Otomag Bone Conduction Hearing device and the modified Otomag device 
as reflected in the above SE table are the following.  A detailed discussion of each 
device change is contained in Section 13 – Device Description / Description of 
Changes.   

Indications for Use: 
4.1.1.1. The changes in the Indications For Use statement simply add the 

additional Magnetic Implant version of the product to the overall 
statement including an age limitation for use of the 
Osseointegrated Magnetic Implant configuration (Alpha 1(M)) to 
patients 5 years of age or older.  These changes do not impart a 
new intended use for the product and do not raise new questions 
of safety and effectiveness. 

Patient Contact Materials: 
4.1.2.1. The Magnetic Implant contains new patient contacting materials.  

The implant is made of   In accordance 
with the flowchart in FDA General Program Memorandum #G95-
1, Appendix C, the titanium material used in the implant and 
associated anchoring screws is not a polymer, is a metal alloy, 
and does not contain toxic substances, therefore biocompatibility 
requirements for the material are met.  The titanium material 
used in the magnetic implant is well established as 
biocompatible.   The addition of new patient contact materials 
that are biocompatible does not raise new questions of safety 
and effectiveness. 

Sterilization: 
4.1.3.1. The Magnetic Implant is provided clean but not sterile and 

intended to be sterilized via gravity or prevacuum steam 
sterilization at the healthcare facility immediately prior to 
implantation.  The Physician’s Manual contains appropriate 
instructions for sterilization of the implant in accordance with the 
requirements of ISO 17664-1:2004: Sterilization of medical 
devices - Information to be provided by the manufacturer for the 
processing of resterilizable medical devices.  In addition, the 
specified sterilization cycle is a commonly available cycle and 
has been validated in accordance with ISO 17665-1:2006: 
Sterilization of Healthcare Products - Moist Heat - Part 1 
Requirements for the Development, Validation, and Routine 
Control of Sterilization Process for Medical Devices.  The 
addition of an appropriately specified and validated sterilization 
cycle does not raise new questions of safety and effectiveness. 
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4.1.4. 

5.2.1. 

5.2.2. 

5.2.3. 

Force Application Method: 
4.1.4.1. The new osseointegrated Alpha 1(M) configuration of the device 

utilizes a magnetic field to apply the necessary force to the 
patient’s mastoid in order to appropriately conduct sound. The 
force generated by the magnetic field is adjustable through 4 
different strength magnetic spacers provided with the product.  
Validation was performed to show that the range of forces that 
can be generated using the variety of magnetic spacers meets 
specifications derived from national and international standards 
and is substantially equivalent to the forces generated by the 
softband and headband versions of the device. 

4.1.4.2. The approach of using a magnetic implant to attach the sound 
processor has been previously employed by another family of 
bone conduction hearing devices.  The Xomed Audiant Bone 
Conductor cleared in K855059 and K861971 employs this same 
technology for the attachment of the sound processor. 

5. CONCLUSION 

5.1. The Intended Use of the osseointegrated version of the Otomag Bone Conduction 
Hearing System remains the same as the predicate device (non-osseointegrated 
version). Performance data demonstrate that the modified device meet or exceed the 
applicable requirements.  

5.2. The osseointegrated version of the Otomag Bone Conduction Hearing System is 
substantially equivalent to the predicate Otomag device cleared in K100193 and that 
the differences between the two devices: 

Do not raise any new issues of safety and effectiveness  

Do not amount to a change in the “fundamental scientific technology” of the 
device 

Do not present any adverse health effect or safety risks to patients when 
used as intended. 
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Section 15: Labeling 

Section 15: Labeling 

1. Introduction 
1.1. In conjunction with the addition of the osseointegrated Alpha 1(M) configuration of the 

Otomag Bone Conduction Hearing System, labeling updates were made.  As a part of 
these updates the original manuals have been reorganized and reformatted to better 
and more clearly present the original information.  No substantive changes to the original 
labeling pertaining to the Alpha 1(S) configuration have been made.  Additional sections 
have been added to both the Physician’s Manual and the Patient User Manual to 
appropriately address the osseointegrated Alpha 1(M) configuration.  The changes are 
summarized as follows: 

1.1.1. Addition of new Warnings and Cautions related to the Alpha 1(M) Configuration 

1.1.2. Addition of sterilization instructions and cycle parameters relating to pre-implant 
sterilization of the Magnetic Implant 

1.1.3. Addition of surgical implantation and explantation instructions and diagrams have 
been added addressing the placement and removal of the Magnetic Implant 

1.1.4. Addition of instruction for attaching the Sound Processor to the Magnetic Implant 

1.2. In addition to the revised Patient User Manual and Physician’s Manual, the label for the 
Magnetic Implant is included in this section. 

1.3. The primary device label has been modified to clearly indication which device 
configuration is included in the packaging, Alpha 1(S) or osseointegrated Alpha 1(M) 

2. Index of Attachments in this section 
2.1. Physician’s Manual 

2.2. Patient User Manual 

2.3. Magnetic Implant Package Label 

2.4. Revised Primary Device Labels 
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Physician’s Manual 
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Alpha I (S) & Alpha I (M) Physician Manual – REV 4 - 1 - 

 
Physician Manual 

 
 
 
 
 

     
 

Alpha I (S) & Osseointegrated Alpha I (M) 
Bone Conduction Hearing Systems 
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Alpha I (S) & Alpha I (M) Physician Manual – REV 4 - 2 - 

Company Information 
Contact information: 
 
Professional Support: 
Sophono, Inc. 
903 Brooklawn Dr. 
Boulder, Colorado 80303 
USA 
+1 (303) 564-1663 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 Federal Law (USA) restricts this device to sale by or on the order of 

a practitioner licensed by the law of the State in which he/she 
practices to use or order the use of the device. 
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1 About this Manual 
This Physician Manual provides a description of the Alpha I (S) & Osseointegrated 
Alpha I (M) Bone Conduction Hearing Systems. This manual includes a description 
of the system’s features, performance, intended use, and important safety 
information. This manual provides the information necessary for the physician to 
prescribe the Alpha I (S) & Alpha I (M) Bone Conduction Hearing Systems to the 
appropriate patient population. Please read this manual thoroughly before 
prescribing the system.   
A Patient Instruction Manual is included with each Alpha I (S) & Alpha I (M) Bone 
Conduction Hearing System and should be referred to for information regarding: 
 
 Kit Contents 
 Instructions for Use 
 Patient Warnings and Precautions 
 Important Things to Remember 
 Maintenance 
 Customer Support 

 

Important Symbols 
A number of symbols are used throughout this manual in order to draw attention 
to safety items and other important information. 
 
The following symbols are used: 
 

 

Warning 
 Symbol indicates a potentially hazardous situation, which if 

not avoided could result in death or serious injury to the user. 

 

Caution 
 Symbol indicates a situation that the user must take into 

consideration to ensure the safe and effective operation of the 
equipment and associated accessories. 

 

Notes 
 Symbol indicates important general information for using the 

system successfully. 

 

2 Introduction 
Warnings and Cautions Overview 

The following section contains a description of all physician related Warnings 
and Cautions associated with the Otomag Bone Conduction Hearing Systems.  
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Additional patient and use related Warnings and Cautions can be found in the 
Patient User Manual.  Knowledge of the following information is essential for 
safe operation of the device.  Specific Warnings and Cautions pertaining to 
physician instructions are included in the body of the manual and are indicated 
by the appropriate symbol. 

Warnings 

Warning 

 
 

 Thoroughly read the Physician Manual and the Patient Manual before 
prescribing the Otomag System. 

 To avoid potential performance and / or safety issues, adhere 
carefully to patient selection criteria 

 A blow to the head in the area of the Otomag Alpha 1 Sound 
Processor may result in damage to the device or device failure. 

 When using the Otomag Alpha 1 (S) Softband, make sure that a 
finger can be placed between the skull and Softband to ensure that 
the Softband is not too tight. 

 Do not perform MRI on a patient wearing an Otomag Alpha 1 Sound 
Processor, Magnetic Implant, Headband, or Softband. 

 Carefully consider the potential patient’s medical history to rule out 
allergies and other reactions to device materials prior to prescribing 
the Otomag System.   

 The Alpha 1 (M) Magnetic Implant is provide non-sterile and must be 
sterlized prior to implantation according to the provided instructions.  
Failure to sterilize appropriate can result in serious infection. 
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Precautions 

Caution 

 

 The Alpha 1 Sound Processor, Magnetic Implant, Headband, and 
Softband are intended for single-patient use only.  Do not use any of 
these products if they have previously been placed in or with another 
patient.   

 Keep Otomag System components away from magnetic data storage 
media and electronic devices.  The Alpha 1 Sound Processor, 
Magnetic Implant, Headband, and Softband all contain magnets that 
can potentially damage magnetic data storage media and electronic 
devices.   

 To avoid damage to the device, do not subject the Alpha 1 Sound 
Processor to temperatures below -4oF (-20oC) or above 122oF (+50oC) 
at any time.  

 To avoid potential of damage to the device, do not store the Otomag 
System near magnets or magnetic devices other than the magnetic 
spacer and implant. 

 Prior to use, inspect packaging to verify that it is intact and has not 
been damaged.  If the packaging is damaged, do not use the device 
and return it to Sophono, Inc.  Please see the address and phone 
number for Sophono, Inc. at the end of this Physician Manual. 

 

Product Description 
The Otomag Bone Conduction Hearing System is a family of sound processors 
and accessories that operate on the principle of bone conduction of sound 
vibrations.   
 
The Otomag System is configured in either of two configurations.  The first 
configuration is the Alpha 1 (S), where the Otomag Sound Processor is 
attached magnetically to a Headband or Softband.  The second configuration is 
Alpha 1 (M), where the Otomag Sound Processor is attached magnetically to an 
osseointegrated implanted magnet.  The Headband, Softband, or Magnetic 
Implant holds the sound processor against the head, and vibration is transduced 
through direct contact with the patient’s skin and the bone below.   
 
The Otomag System is designed for use for those patients with conductive 
hearing loss, those patients who have sensorineural hearing loss up to 45 dB in 
combination with their conductive loss, and single sided deafness as defined in 
the indications for use.  The prescriptive formula and adjustments available to 
the audiologist in the software allow for programming the Otomag System for 
individual patient hearing loss. 
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Indications for Use 
The Otomag Alpha 1 Sound Processor is intended for use with the Otomag 
Headband or Otomag Softband (no age limitations), or with the Otomag 
Osseointegrated Magnetic Implant (patients 5 years of age and up) for the 
following patients and indications: 
 
• Patients with conductive or mixed hearing losses, who can still benefit from 

amplification of sound.  The pure tone average (PTA) bone conduction (BC) 
threshold for the indicated ear should be better than 45 dB HL (measured 
at 0.5, 1, 2, and 3 kHz).  

• Bilateral fitting is applicable for most patients having a symmetrically 
conductive or mixed hearing loss.  The difference between the left and right 
sides’ BC thresholds should be less than 10dB on average measured at 
0.5, 1, 2, and 4 kHz, or less than 15 dB at individual frequencies.  

• Patients who have a profound sensorineural hearing loss in one ear and 
normal hearing in the opposite ear, who for some reason will not or cannot 
use an AC CROS.  The pure tone average (PTA) air conduction (AC) 
threshold of the hearing ear should be better than 20 dB HL (measured at 
0.5, 1, 2 and 3 kHz).  

Contraindications 

Contraindications for the Otomag Alpha 1 Sound Processor connected to the 
Otomag Headband, Softband, or Magnetic Implant are as follows: 
Any factor that would cause a clinician to refer the patient for medical 
assessment will temporarily, or in some cases permanently, halt the process of 
hearing aid fitting. These factors include:  
 
• A hearing loss of sudden onset;  
• A rapidly progressing hearing loss;  
• Pain in either ear;  
• Tinnitus of sudden recent onset, or unilateral tinnitus;  
• Unilateral or markedly asymmetrical hearing loss of unknown origin;  
• Vertigo (e.g. dizziness) 

Patient Selection Criteria 
• Patients to be fitted with the Otomag Alpha 1 (S) Sound Processor and its 

Headband or Softband may be any age. 
• Patients to be fitted with the Otomag Osseointegrated Alpha 1 (M) Sound 

Processor and its Magnetic Implant should be 5 years old or older. 
• Patients and/or patient guardians must be able to understand that the 

Otomag System will not restore hearing to normal and will not prevent 
additional hearing impairment resulting from conditions such as disease, old 
age hearing loss, genetic hearing loss, ototoxic drugs or noise induced 
hearing loss.  
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Possible Adverse Effects 
General 
It is possible that a reaction to the materials of the Headband, Softband, or 
Magnetic Implant could occur.  Such a circumstance may necessitate that use 
of the device be discontinued.  Please report any adverse effects to Sophono, 
Inc.   The address and phone number for Sophono, Inc. are listed at beginning 
and end of this Physician Manual.  If a reaction to the Headband or Softband 
occurs, Sophono will supply appropriate instructions so that the device can be 
sent to the laboratory for analysis.  

 
Risks that may occur during surgery: 
The risks involved in surgery and complications related to surgery include the 
normal risks of the operative procedure and general anesthesia.  These include 
pain, blood clots, and/or circulatory problems, infection, cardiac arrest, 
postcholesteatoma, and even death.  Specific risks related to operating on the 
mastoid include infection, inflammation, numbness or stiffness about the ear, 
disturbance of taste or balance and noticeable changes in head noise. 
 

 

Warning 
 To avoid potential performance and / or safety issues, adhere 

carefully to patient selection criteria. 
 Carefully consider the potential patient’s medical history to 

rule out allergies and other reactions to device materials prior 
to prescribing the Otomag System.   

 
Risks that may occur after surgery: 
Potential risks after surgery include inflammation and complications associated 
with general anesthesia.  Potential risks related to the implant following surgery 
include infection, reparative granuloma and inflammatory reaction. 
 
It is possible that a reaction to the implant materials and or failure of the 
implanted device can occur and may necessitate an operation to remove and/or 
replace the implant. 

 

 

Warning 
 A blow to the head in the area of the Otomag Alpha 1 Sound 

Processor may result in damage to the device or device 
failure. 

 When using the Otomag Alpha 1 (S) Softband, make sure that 
a finger can be placed between the skull and Softband to 
ensure that the Softband is not too tight. 

 Do not perform MRI on a patient wearing an Otomag Alpha 1 
Sound Processor, Magnetic Implant, Headband, or Softband. 
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Other Symbols on Equipment and Labeling 

 

Symbol Description 

 
Consult Physician Manual 

 
Batch Code or Lot Number 

 
Serial Number 

 

Keep Away From Rain / Keep Dry 

 
Manufacturer 

 

MR Unsafe:  Device should not be worn when patient is 
undergoing an MRI 

 

Product is Latex Free 

 

Interference may occur in the area of equipment which is 
labeled with the following symbol. 

 

Temperature Limitation:  The sound processor is 
designed to operate within the temperature ranges of 
41oF (+5oC) to 104oF (+40oC).  The processor should 
not be subject to temperatures below -4oF (-20oC) or 
above 122oF (+50oC) at any time. -4oF 

122oF 
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3 Patient Fitting Procedures 
Alpha 1 (S) System: Instructions for Placement of the 
Softband or Headband and Alpha 1 Sound Processor  

 

Notes 
 Record the product and lot or serial numbers for the Alpha 1 

Sound Processor in the patient file and send the patient to a 
qualified audiologist for proper programming of the Alpha 1 
Sound Processor. 

 
The Otomag Softband is an elastic Softband similar to a sweat band used in 
sports.  The Alpha 1 (S) Sound Processor magnetically adheres to the Softband 
via a magnetic pad sewn into the band.  No surgery is required and the Alpha 1 
(S) can be used immediately after being programmed by an audiologist. 

 
• To use the Otomag Softband, attach the Alpha 1 (S) Sound Processor to 

the magnetic pad on the Softband. 
• Test that the Alpha 1 works by putting it on yourself, plugging your ears, 

and introducing sound. 
• Put the Softband around the patient’s head, quite loosely at first by slipping 

the end of the band through the slot next to the magnetic pad and attaching 
the mating Velcro ® loops and hooks to each other. 

• Place the magnetic pad against the mastoid or other boney location.   
• Tighten the Softband by adjusting the Velcro® strap until it is close-fitting 

enough to ensure effective sound transmission, but not tight enough to 
cause discomfort.  The Softband is too loose if it slips off of the head, can 
be rotated easily around the head or no sound transmission can be heard.  
The Softband is too tight if the patient complains of pain or discomfort while 
wearing the Softband. Make sure that a finger can be placed between the 
skull and Softband to ensure that the Softband is not too tight. 

 

 

Warning 
 When using the Otomag Alpha 1 (S) Softband, make sure that 

a finger can be placed between the skull and Softband to 
ensure that the Softband is not too tight. 

 
The Otomag Headband is a springy Headband, similar to that used for 
earphone devices.  It comes in one size and is not adjustable.  The Alpha 1 (S) 
Sounds Processor magnetically adheres to the Headband via a magnetic pad 
fitted to the Headband.  No surgery is required and the Alpha 1 (S) can be used 
immediately after being programmed by the audiologist.   
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• To use the Otomag Headband, attach the Alpha 1 (S) Sound Processor to 
the magnetic pad on the Headband. 

• Test that the Alpha 1 works by putting it on yourself, plugging your ears, 
and introducing sound. 

• Put the Headband on the patient’s head and place the magnetic pad 
against the mastoid or other boney location. 

 
The choice of a Headband or Softband is a matter of patient preference. 

Alpha 1 (M) System:  Instructions for Sterilization and 
Placement of the Magnetic Implant and Alpha 1 
Sound Processor  
Point of Use Sterilization Instructions: 

 

Warning 
 The Alpha 1 (M) Magnetic Implant is provide non-sterile and 

must be sterlized prior to implantation according to the 
provided instructions.  Failure to sterilize appropriate can 
result in serious infection. 

 
The Alpha 1 (M) magnetic implant is provided clean but NOT sterile.  It is not 
necessary to clean the implant prior to sterilization.  To prepare the implant for 
steam sterilization use the following steps: 
• Unscrew the cap on the magnetic implant container.   
• Without touching the magnetic implant, transfer the implant into the 

autoclave pouch.  Transfer can be simply accomplished by inverting the 
implant container over the open top of the autoclave pouch. 

• Immediately seal the autoclave pouch. 
• Drying of the device is not required. 
 

 

Caution 
 The Alpha 1 Sound Processor, Magnetic Implant, Headband, 

and Softband are intended for single-patient use only.  Do not 
use any of these products if they have previously been placed 
in or with another patient.   

 
Exact compliance is required with the sterilization equipment manufacturer’s 
instructions for use, maintenance, and periodic monitoring.  The Alpha implant 
can be sterilized a single time by prevacuum or gravity steam sterilization 
(autoclaving).  The following sterilization parameters have been validated for 
sterilization of the implant. 

 
 
Page 71 of 192

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



 
   

Alpha I (S) & Alpha I (M) Physician Manual – REV 4 - 12 - 

Limitations on Reprocessing: Single Sterilization Only 
Presterilization Decontamination / Cleaning / Disinfection: None Required 
Cycle Type: Prevacuum or Gravity 
Sterilization Time: 15 minutes minimum 
Sterilization Cycle Temperature: 132 degrees C / 270 degrees F 
Packaging: Cardinal Health Self Sealing Autoclave Pouch (P/N 92510) 
Storage in Sterile State: Not Allowed – Sterilization immediately pre-implant 
only 
Pre-Surgical Training Requirements 
Before attempting to implant the Otomag Implant, surgeons are required to 
complete training provided by Sophono, Inc.  During the training they will 
receive guidance regarding the procedure, a thorough understanding of the 
device and surgical procedure and other important information. Contact 
Sophono Customer Services at the contact number listed in Section 6 of this 
manual to arrange training. 
Surgical Risks 
The implantation of the Otomag Implant requires a surgical procedure involving 
the removal of tissue and bone.  As with any surgical procedure involving a 
general anesthetic, certain risks exist.  Those risks include the risk of infection 
from poor hygiene or non-sterile technique, irritation of tissues during the 
implantation procedure, unintended cuts and abrasions, and irritation of tissues 
due to unintended exposure to implant materials.  The implant is made of 
materials considered to be hypo-allergenic but in the case of unintended 
damage to the device, a patient could come in contact with substances that 
could generate an adverse reaction.   
Surgical Implantation Steps 

Step 1 - Making The Incision 
The proper position for the implant is 6 cm from the ear canal at a 45-degree 
angle posterior and superior to the ear canal.  The incision should be made 
7.5 to 8 cm from the external ear canal (1.5 to 2 cm from the location of the 
implant so the incision is not directly over the implant).  After making the 
incision, expose the skull where the implant will be placed.  The incision 
must be large enough to allow placement of the implant. See Figure 1. 
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Figure 1 : Incision Location 

 
 

Step 2 - Create a bone bed (optional) 
The implant is approximately 2.6 mm thick and optimal tissue thickness over 
the implant is 4mm to 5 mm.  Bone beds are recommended for the implant if 
the tissue thickness over the implant is less than 3 mm.   
 
To create a bone bed, mark the position of the implant magnets on the bone 
and drill the bone bed to a depth of approximately 3 mm.  The implant 
magnets have a diameter of 10 mm. 

 

 
Figure 2: Bone Beds 

Step 3 - Implant Placement 
Place the implant with the magnets in the bone beds (if created) or with the 
magnets face up such that the bracket legs are flush to the skull.  Place one 
screw in each of the bracket holes to securely attach the implant to the skull. 
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Figure 3: Implant Installation Diagram 

  
Step 4 - Tissue Thinning and Closing the Incision 
If the tissue flap is thicker than 6 mm, thin down a 10 mm wide strip of tissue 
to 5 mm directly over the implant magnets.  Suture the incision closed. 

 
Implant Surgical Removal Steps 

Step 1 - Making The Incision 
The implant is 6 cm from the ear canal at a 45-degree angle posterior and 
superior to the ear canal.  The incision should be made 7.5 to 8 cm from the 
external ear canal (1.5 to 2 cm from the location of the implant so the 
incision is not directly over the implant).  After making the incision, expose 
the skull where the implant has been placed.  The incision must be large 
enough to allow removal of the implant. See Figure 1 above. 
 
Step 2 - Implant Removal 
Remove each of the 5 screws holding the magnetic implant in place. It may 
be necessary to excise bone or tissue growth occurring over the face of  the 
implant.  Once the screws are removed the implant can be lifted carefully 
from the bone or bone beds.   Suture incision closed. 
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Instructions for Placement / Sizing of the Magnetic 
Spacers 
Magnetic Spacer Selection 
As with the Headband and Softband, application of appropriate pressure to the 
mastoid by the Sound Processor is essential for proper functioning of the 
system.  The Alpha 1 (M) configuration is supplied with three strengths of 
magnetic spacers to allow the fitting physician to adjust the force applied to the 
mastoid.  Choose a magnetic spacer to achieve appropriate sound transmission 
without being uncomfortable to the patient.  The spacers are labeled XX, YY, ZZ 
to indicate increasing magnetic strength.  The patient should be instructed to 
select a lower strength spacer if the pressure on the skin is uncomfortable of if 
numbness occurs.  
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4 Technical Data 
Information about Magnets 
Magnets in the Alpha 1 Headband, Softband, and Magnetic Implant create a 
permanent magnetic field.  A permanent magnetic field is not the same as, and 
should not be compared to, an electromagnetic field such as that of a mobile 
telephone or a high-voltage transmission line.  
 
None of the magnets associated with the Otomag System will affect cardiac 
pacemakers as long as the magnetic parts do not directly contact the 
pacemaker. 
 

 

Caution 
 Keep Otomag System components away from magnetic data 

storage media and electronic devices.  The Alpha 1 Sound 
Processor, Magnetic Implant, Headband, and Softband all 
contain magnets that can potentially damage magnetic data 
storage media and electronic devices.   

 To avoid potential of damage to the device, do not store the 
Otomag System near magnets or magnetic devices other than 
the magnetic spacer and implant. 

 

Patient-contacting Materials 
Implant  Material: The implant consists of a Samarium Cobalt sealed in a 
biocompatible titanium case.  Only the titanium case of the implant is in contact 
with patient tissue.  
 
Softband Material: The Softband is constructed of an elastic band and consists 
of approximately 85% nylon/15% Spandex.   
 
Portion of Headband or Softband that presses against the mastoid: 
Fotoplast Lacquer 3 (light-curing one-component lacquer)  
 
NO components or packaging for the Otomag Osseointegrated Bone 
Conduction Hearing System contain latex. 
 

Alpha 1 Sound Processor Technical Characteristics  
• Magnetically coupled bone conduction sound processor 
• Fully programmable digital hearing system 
• programs (programmable by audiologist) 
• 4 channels 
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• 16 frequency bands 
• Low battery warning 
• Automatic noise reduction 
• Automatic feedback cancellation 
• Volume control 
• Outer material of Alpha 1 (S): plastic with a corrosion resistant steel disk 
• Weight: 10 g (with battery  
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Alpha 1 Sound Processor Performance Data  
(Measured according to DIN IEC 60118-9 Hearing Aids Part 9: Methods of 
measurement of characteristics of hearing aids with bone vibrator output) 
 

 

OFL (Output force level) at 90 dB SPL – Top Line) 
 

OFL (Output force level) at 60 dB SPL – Bottom Line) 

 
• Acousto – mechanical gain at 60 dB SPL and 1600 Hz: 29 dB 
• Maximum gain at 60 dB SPL: 38 dB re 1 µN  
• Peak Output at 90 dB SPL: 115 dB re 1 µN 
• Frequency range per ANSI S3.22-2009: 280-5000 Hz 
• Frequency Processing Range: 125-8000 Hz 
• Total Harmonic Distortion per ANSI S3.22-2009: <3% 
• Equivalent input noise:  17 dB SPL 
• Battery current drain: 0.95 mA 
• Processor: 16 band, 4 Channel WDRC 
• Crossover Frequency Options: 0-1.25, 0.25-2.75, 1.75-7.75 kHz 
• Compression Attack Time: 0.25 ms 
• Compression Release Time: 8192 ms 
• Patient Volume Control Wheel: 38 dB range 
• Power Supply: 1.3V, #675 Zinc Air Battery 
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5 Storage and Handling 
Storage 

 

Caution 
 To avoid damage to the device, do not subject the Alpha 1 

Sound Processor to temperatures below -20 C (-4 F) or 
above +50 C (122 F) at any time.  

 To avoid potential of damage to the device, do not store the 
Otomag System near magnets or magnetic devices other 
than the magnetic spacer and implant. 

 

Handling  

 

Caution 
 Prior to use, inspect packaging to verify that it is intact and 

has not been damaged.  If the packaging is damaged, do not 
use the device and return it to Sophono, Inc.  Please see the 
address and phone number for Sophono, Inc. at the end of 
this Physician Manual 
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6 Professional Support 
For more information or to report concerns, contact: 

 
Sophono, Inc. 
903 Brooklawn Dr. 
Boulder, Colorado 80303 
USA 
+1 (303) 564-1663 
postmaster@sophono.com 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Manufactured for: Sophono, Inc. 903 Brooklawn Dr., Boulder, Colorado 
80303 USA +1 (303) 564-1663 
Printed in U.S.A. 
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Company Information 
Contact information: 
 
Professional Support: 
Sophono, Inc. 
903 Brooklawn Dr. 
Boulder, Colorado 80303 
USA 
+1 (303) 564-1663 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 Federal Law (USA) restricts this device to sale by or on the order 

of a practitioner licensed by the law of the State in which he/she 
practices to use or order the use of the device. 
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1 About this Manual 
This Patient Manual provides a description of the Alpha I (S) & Osseointegrated 
Alpha I (M) Bone Conduction Hearing Systems. This manual includes a description 
of the system’s features, performance, intended use, and important safety 
information. Please read this manual thoroughly before using the system. 
 
This Patient Instruction Manual included with each Alpha I (S) & Osseointegrated 
Alpha I (M) Bone Conduction Hearing System should be referred to for information 
regarding: 
 
 Kit Contents 
 Instructions for Use 
 Patient Warnings and Precautions 
 Important Things to Remember 
 Maintenance 
 Customer Support 

Important Symbols 
A number of symbols are used throughout this manual in order to draw attention 
to safety items and other important information. 
 
The following symbols are used: 
 

 

Warning 
 Symbol indicates a potentially hazardous situation, which if 

not avoided could result in death or serious injury to the 
user. 

 

Caution 
 Symbol indicates a situation that the user must take into 

consideration to ensure the safe and effective operation of 
the equipment and associated accessories. 

 

Notes 
 Symbol indicates important general information for using the 

system successfully. 
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2 Introduction 
Dear Customer: 
Congratulations on the purchase of your new Otomag Bone Conduction Hearing 
System!  
 
The Otomag Bone Conduction Hearing System includes a family of Sound 
Processors and accessories that operate on the principle of bone conduction of 
sound vibrations.   
 
The Otomag Bone Conduction Hearing System is supplied in either of two 
configurations.  The first configuration is the Alpha 1 (S), in which the Otomag 
Sound Processor is attached magnetically to a Headband or Softband.  The 
second configuration is Alpha 1 (M), in which the Otomag Sound Processor is 
attached magnetically to an osseointegrated Magnetic Implant placed behind 
the patient’s ear.  The Headband, Softband, or Magnetic Implant holds the 
Sound Processor against the head, and vibration is transduced through direct 
contact with the patient’s skin and the bone below.   
 
The Otomag System is designed for use for patients with conductive hearing 
loss, patients who have sensorineural hearing loss up to 45 dB in combination 
with their conductive loss, and patients who suffer from single sided deafness 
as defined in the indications for use.  The prescriptive formula and adjustments 
available to the audiologist in the software package allow for programming the 
Otomag System for individual patient hearing loss. 
 
This Patient Manual will help you quickly gain confidence with your new Otomag 
Bone Conduction Hearing System. If you have further questions please consult 
your hearing healthcare provider. 
 

General Information 
A hearing device will not restore normal hearing and will not prevent or improve 
a hearing impairment resulting from organic conditions.  In most cases 
infrequent use of a hearing device does not permit a user to attain full benefit.  
The use of a hearing device is only part of hearing habilitation and may need to 
be supplemented by auditory training and instruction in lip reading. 
 

Note 
 NO components or packaging of the Otomag Bone 

Conduction Hearing System contain latex 
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Warnings and Cautions Overview 
The following section contains a description of all patient related Warnings and 
Cautions associated with the Otomag Bone Conduction Hearing System.  
Knowledge of the following information is essential for safe operation of the 
device.  Specific Warnings and Cautions pertaining to patient instructions are 
included in the body of the manual and are indicated by the appropriate symbol. 

 

Warning 

 
 

 Thoroughly read Patient Manual before using the Otomag 
Bone Conduction Hearing System. 

 Rule out allergies and other reactions to device materials prior 
to prescribing the Otomag System.   

 A blow to the head in the area of the Otomag Alpha 1 Sound 
Processor may result in personal injury and damage to the 
device or device failure. 

 When using the Otomag Alpha 1 (S) Softband, make sure that 
a finger can be placed between the skull and Softband to 
ensure that the Softband is not too tight. 

 Do not obtain an Magnetic Resonance Imaging (MRI) 
procedure while wearing an Otomag Alpha 1 Sound 
Processor, Magnetic Implant, Headband, or Softband. 

 Never store hearing aids and batteries within reach of small 
children or animals.  The batteries are small, easily swallowed, 
and can poison small children and animals. 

 Do not dispose of your Sound Processor in an incinerator or 
fire.  In no case should batteries be thrown into an open fire. 

 Do not attempt to recharge batteries. 

Caution  

 

 Read this Patient User Manual and keep it available so you 
can refer to it when needed. 

 The Alpha 1 Sound Processor, Magnetic Implant, Headband, 
and Softband are intended for single-patient use only.  Do not 
use any of these products if they have previously been used 
with another patient.   

 Keep Otomag System components away from magnetic data 
storage media and electronic devices.  The Alpha 1 Sound 
Processor, Magnetic Implant, Headband, and Softband all 
contain magnets that can potentially damage magnetic data 
storage media and electronic devices.   

 To avoid damage to the device, do not subject the Alpha 1 
Sound Processor to temperatures below -4 °F (-20 °C) or 
above 122 °F (+50 °C) at any time.  

 To avoid damage to the device, do not store the Otomag 
System near magnets or magnetic devices. 

 Remove the Sound Processor, Headband and Softband before 
x-rays of the head and neck 
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Caution  

 

 Remove the Sound Processor, Headband, and Softband 
during radiation therapy 

 Portable and mobile RF (radio frequency) communications 
equipment can affect the performance of the Sound 
Processor. 

 Interference may occur in the area of equipment which is 
labeled with the following symbol:   
 

 Dispose of batteries and electronic items in accordance with 
your local regulations. 

 When navigating through security in airports remove the 
Sound Processor, Headband and Softband and have them 
screened through the x-ray screening process.  The Sound 
Processor, Headband and Softband contain metal that may 
activate the airport security metal detectors. 

 Do not use the Alpha 1 Sound Processor, Headband or 
Softband while participating in contact sports.  Hard physical 
contact with the device or a blow to the head in the area of 
the Alpha 1 Sound Processor, Headband or Softband may 
result in damage to the device or device failure. 

 Clean the Alpha 1 Processor, Headband, and Softband only 
as directed.  Other common household cleaning chemicals or 
methods, such as washing machines, bleach, ammonia, or 
spray cleaners may damage the device. 

 To avoid damage to the case or the Sound Processor, do not 
use household soaps or rinse / submerge the case under 
water and do not wash the case in the dishwasher.  Should 
the case become wet for any reason, allow the case to air dry 
completely before storing the Alpha 1 Processor in the case. 

 When removing the Sound Processor do not pull on the 
processor itself, this could result in damage to the device. 

 The Sound Processor is not water proof and should not be 
worn in heavy rain, in the bath or shower, or in other 
environments when exposure to heavy moisture is likely.  
Exposure to moisture may cause damage to the device. 

 Protect your Sound Processor from impact and shock.  Avoid 
dropping your Sound Processor. 

 Do not expose the Sound Processor to strong sunlight. 
 Always switch your device off when you remove it.  If you do 

not use your Sound Processor for a long time, remove the 
battery and store the Sound Processor in its case. 

 

 
 
Page 88 of 192

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



 
   

Alpha I (S) & Alpha I (M) Patient User Manual – REV 4 - 8 - 

Indications for Use 
The Otomag Alpha 1 Sound Processor is intended for use with the Otomag 
Headband or Otomag Softband (no age limitations), or with the Otomag 
Osseointegrated Magnetic Implant (patients 5 years of age and up) for the 
following patients and indications: 
 
• Patients with conductive or mixed hearing losses, who can still benefit from 

amplification of sound.  The pure tone average (PTA) bone conduction (BC) 
threshold for the indicated ear should be better than 45 dB HL (measured 
at 0.5, 1, 2, and 3 kHz).  

• Bilateral fitting is applicable for most patients having a symmetrically 
conductive or mixed hearing loss.  The difference between the left and right 
sides’ BC thresholds should be less than 10dB on average measured at 
0.5, 1, 2, and 4 kHz, or less than 15 dB at individual frequencies.  

• Patients who have a profound sensorineural hearing loss in one ear and 
normal hearing in the opposite ear, who for some reason will not or cannot 
use an AC CROS.  The pure tone average (PTA) air conduction (AC) 
threshold of the hearing ear should be better than 20 dB HL (measured at 
0.5, 1, 2 and 3 kHz).  

Contraindications 

Contraindications for the Otomag Alpha 1 Sound Processor connected to the 
Otomag Headband, Softband, or Magnetic Implant are as follows: 
Any factor that would cause a clinician to refer the patient for medical 
assessment will temporarily, or in some cases permanently, halt the process of 
hearing aid fitting. These factors include:  
 
• A hearing loss of sudden onset;  
• A rapidly progressing hearing loss;  
• Pain in either ear;  
• Tinnitus of sudden recent onset, or unilateral tinnitus;  
• Unilateral or markedly asymmetrical hearing loss of unknown origin;  
• Vertigo (e.g. dizziness) 
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3 Operating Instructions 
Insertion of the battery 
Size 675 batteries are required for your Alpha I Sound Processor. 
 
See Figure 1 for details.  Open the battery compartment (1) with a fingernail and 
insert the battery (2) so that the plus (+) sign on the battery and the plus (+) sign 
on the battery compartment are on the same side. Close the battery 
compartment with a finger. The Sound Processor is now switched on. 
 

 

Caution 
 Dispose of batteries and electronic items in accordance with 

your local regulations. 

 
Switch off your Sound Processor whenever you’re not using it by pivoting the 
battery compartment fully out. This will help preserve battery life. The Alpha 1 
has a low battery indicator that generates a tone when it is time to replace the 
battery.  Your hearing healthcare provider can adjust the volume and tone of the 
low battery indicator for you. 
 

 
Figure 1.  Alpha I Sound Processor 

 

 

Warning 
 Never store hearing aids and batteries within reach of small 

children or animals.  The batteries are small, easily 
swallowed, and can poison small children and animals 

 Do not attempt to recharge batteries. 
 Do not dispose of your Sound Processor in an incinerator or 

fire.  In no case should batteries be thrown into an open fire 
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Start-up and Operation 
Switch on the Alpha 1 Sound Processor by pivoting the battery compartment 
fully in.  

Positioning the Sound Processor  
Alpha 1 (S) 
To place the Alpha 1 (S) Sound Processor, simply guide it into the vicinity of the 
magnetic pad in the Softband or Headband. The magnetic forces will bring it to 
its correct position. See Figure 2. 
 

 
Figure 2.  Positioning the Alpha I (S) Sound Processor on the Softband 

 

 

Warning 
 When using the Otomag Alpha 1 (S) Softband, make sure 

that a finger can be placed between the skull and Softband 
to ensure that the Softband is not too tight. 

 
Alpha 1 (M) 
To place the Alpha 1 (M) Sound Processor, simply guide it into the vicinity of the 
Magnetic Implant. The magnetic forces will bring it to its correct position. See 
Figure 3. 
 

 

 
Figure 3.  Positioning the Alpha I (M) Sound Processor on the osseointegrated 

Magnetic Implant 
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Caution 
 The Alpha 1 Sound Processor, Magnetic Implant, 

Headband, and Softband are intended for single-patient use 
only.  Do not use any of these products if they have 
previously been used with another patient.   

 

Volume Control 
The volume can be adjusted with the small wheel that is situated on the outside 
of the Alpha 1 Sound Processor. Using the tip of the index finger, apply slight 
pressure on the rotary button and simultaneously turn forward to increase 
volume. Turn the rotary button in the opposite direction to reduce volume.  
 
You can switch off the Sound Processor by opening the battery access door. As 
soon as you take off the device, switch it off. See Figure 4 for details. 
 

 
Figure 4.  Alpha I Sound Processor 

Program 
Selection 
Button 

Volume Control

Battery 
Access Door 

External 
Microphone 

 

Program Selection Button 
The Alpha 1 Sound Processors offer four program settings for different hearing 
situations. By pressing the small button on the Sound Processor, the programs 
can be activated. For each activated program you will hear a corresponding 
signal tone for recognition. 
 

• Program 1: Instrument beeps once 
• Program 2: Instrument beeps twice 
• Program 3: Instrument beeps three times 
• Program 4: Instrument beeps four times 

 
Your hearing healthcare provider will inform you when each of the programs 
should be used 
 

 
 
Page 92 of 192

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



 
   

Alpha I (S) & Alpha I (M) Patient User Manual – REV 4 - 12 - 

Removing the Sound Processor  
To remove the Alpha 1 Sound Processor, pull ONLY on the steel disk.  See 
Figure 5.  Alpha 1 Sound Processor w/ Metal Disc for Magnetic Attachment 
 

Metal 
Disc
Metal 
Disc

 
Figure 5.  Alpha 1 Sound Processor w/ Metal Disc for Magnetic Attachment 

 

 

Note 
 If you remove the Sound Processor without switching it off, it 

generates a vibrating tone which leads to high battery 
consumption. Therefore, always properly switch off the 
Sound Processor when you are not wearing it. 

 

 

Caution 
 When removing the Sound Processor do not pull on the 

processor itself, this could result in damage to the device. 

 

If Your Sound Processor Does Not Function  
Check the following if the Sound Processor is not functioning properly: 
 

• The device is properly switched on and the battery compartment is fully 
closed 

• The battery is not dead  
• The battery surface is clean. 

 
If the device still is not functioning properly, see your hearing healthcare 
provider. 
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4 Product Maintenance 
Cleaning and Care 
Sound Processor 

• Have your Sound Processor checked at regular intervals as specified by 
your hearing professional. 

• To clean your Sound Processor, wipe it with a soft cloth or a Clorox® 
type disinfecting wipe 

• The battery compartment may be cleaned by wiping it out with a DRY 
cotton swab or a cotton swab that has been moistened by a Clorox® type 
disinfecting wipe. 

 

 

Note 
 Remove the Sound Processor, Softband, and Headband 

during the application of hairspray or styling gels.  If 
hairspray or gel comes in contact with the Sound Processor it 
may become sticky and difficult to clean 

 

• If the Sound Processor becomes soaked with water: 
o Immediately open the battery door and remove the battery 
o Put the Sound Processor in a container with drying capsules such as 

Dri-aid kit or similar overnight.  Drying kits are available from most 
hearing care professionals.   

 

 

Caution 
 The Sound Processor is not water proof and should not be 

worn in heavy rain, in the bath or shower, or in other 
environments when exposure to heavy moisture is likely.  
Exposure to moisture may cause damage to the device.  

 To avoid damage to the case or the Sound Processor, do 
not use household soaps or rinse / submerge the case under 
water and do not wash the case in the dishwasher.  Should 
the case become wet for any reason, allow the case to air 
dry completely before storing the Alpha 1 Processor in the 
case  

 

• The Sound Processor is provided in a plastic case which may be used to 
store the processor. This case may be cleaned with a Clorox® type 
disinfecting wipe.  Make sure the case is completely dry before storing 
the Sound Processor in it. 
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Caution 
 The Sound Processor is designed to operate within the 

temperature ranges of 41oF (+5oC) to 104oF (+40oC).  The 
processor should not be subject to temperatures below -4oF 
(-20oC) or above 122oF (+50oC) at any time.   

 Protect your Sound Processor from impact and shock.  
Avoid dropping your Sound Processor 

 Do not expose the Sound Processor to strong sunlight 
 Always switch your device off when you remove it.  If you do 

not use your Sound Processor for a long time, remove the 
battery and store the Sound Processor in its case 

 
Softband and Headband 

• The Headband can be cleaned with a Clorox® type disinfecting wipe.   

• The Softband may be submerged and hand washed with a mild clothes 
washing detergent (with or without a small amount of color safe bleach) 
and air dried or may be cleaned with a Clorox® type disinfecting wipe. 

Magnetic Spacer 
• The Magnetic Spacer can be cleaned with a Clorox® type disinfecting 

wipe.   
 

 

Caution 
 Clean the Alpha 1 Processor, Magnetic Spacer, Headband, 

and Softband only as directed.  Other common household 
cleaning chemicals or methods, such as washing machines, 
bleach, ammonia, or spray cleaners may damage the 
device. 

 To avoid damage to the case or the Sound Processor, do 
not use household soaps or rinse / submerge the case 
under water and do not wash the case in the dishwasher.  
Should the case become wet for any reason, allow the case 
to air dry completely before storing the Alpha 1 Processor in 
the case. 
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Damage and Replacement 
The expected live span for the Sound Processor, Magnetic Spacer, Softband, 
and Headband is approximately 4 years depending on use, wear, and tear.  The 
Sound Processor will need to be repaired or replaced when it no longer 
produces adequate vibrations or the sounds become highly distorted.  The 
Softband should be replaced when it becomes damaged or the elastic begins to 
be stretched out and it can no longer be tightened adequately for sound 
transmission.  The Headband should be replaced when it becomes damaged or 
no longer has enough spring force to press the magnetic pad against the head 
for adequate sound transmission. Replacement Headbands and Softbands may 
be purchased through your hearing healthcare provider from Sophono, Inc.  

5 Accessories 
If your Alpha 1 Sound Processor has a jack for an FM boot, you may plug the boot 
of a Phonak MLxi FM receiver into the bottom of the Sound Processor.  
 
If you are concerned about the Alpha 1 Sound Processor falling off your head, a 
clip and tether are available so that the Sound Processor can be tethered to a 
garment you’re wearing. 
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6 Technical Data 
Information about Magnets 
Magnets in the Alpha 1 Headband, Softband, and Magnetic Implant create a 
permanent magnetic field.  A permanent magnetic field is not the same as, and 
should not be compared to, an electromagnetic field such as that of a mobile 
telephone or a high-voltage transmission line.  
 
None of the magnets associated with the Otomag System will affect cardiac 
pacemakers as long as the magnetic parts do not directly contact the 
pacemaker. 
 

 

Caution 
 Keep Otomag System components away from magnetic 

data storage media and electronic devices.  The Alpha 1 
Sound Processor, Magnetic Implant, Headband, and 
Softband all contain magnets that can potentially damage 
magnetic data storage media and electronic devices.   

 To avoid potential of damage to the device, do not store the 
Otomag System near magnets or magnetic devices other 
than the magnetic spacer and implant. 

  

Patient-contacting Materials 
Implant Material: The implant consists of a Samarium Cobalt sealed in a 
Titanium case.   
 
Softband Material: The Softband is constructed of an elastic band and consists 
of approximately 85% nylon/15% Spandex.   
 
Portion of Headband or Softband that presses against the mastoid: 
Fotoplast Lacquer 3 (light-curing one-component lacquer)  
 
NO components or packaging for the Otomag Bone Conduction Hearing 
System contain latex. 

Alpha 1 Sound Processor Technical Characteristics  
• Magnetically coupled bone conduction Sound Processor 
• Fully programmable digital hearing system 
• Programs (programmable by audiologist) 
• 4 channels 
• 16 frequency bands 
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• Low battery warning 
• Automatic noise reduction 
• Automatic feedback cancellation 
• Volume control 
• Outer material of Alpha 1 (S): plastic with a corrosion resistant steel disk 
• Weight: 10 g (with battery)  

Alpha 1 Sound Processor Performance Data  
(Measured according to DIN IEC 60118-9 Hearing Aids Part 9: Methods of 
measurement of characteristics of hearing aids with bone vibrator output) 
 

 

Output force level (OFL) at 90 dB SPL – Top Line 
 

Output force level (OFL) at 60 dB SPL – Bottom Line 

 
• Acousto – mechanical gain at 60 dB SPL and 1600 Hz: 29 dB 
• Maximum gain at 60 dB SPL: 38 dB re 1 µN  
• Peak Output at 90 dB SPL: 115 dB re 1 µN 
• Frequency range per ANSI S3.22-2009: 280-5000 Hz 
• Frequency Processing Range: 125-8000 Hz 
• Total Harmonic Distortion per ANSI S3.22-2009: <3% 
• Equivalent input noise:  17 dB SPL 
• Battery current drain: 0.95 mA 
• Processor: 16 band, 4 Channel WDRC 
• Crossover Frequency Options: 0-1.25, 0.25-2.75, 1.75-7.75 kHz 
• Compression Attack Time: 0.25 ms 
• Compression Release Time: 8192 ms 
• Patient Volume Control Wheel: 38 dB range 
• Power Supply: 1.3V, #675 Zinc Air Battery 
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7 Professional Support 
 

For more information or to report concerns contact: 
 

Sophono, Inc. 
903 Brooklawn Dr. 
Boulder, Colorado 80303 
USA 
+1 (303) 564-1663 
postmaster@sophono.com 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Manufactured for: Sophono, Inc. 903 Brooklawn Dr., Boulder, Colorado 80303 USA 
+1 (303) 564-1663 
Printed in U.S.A. 
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Magnetic Implant Package Label 
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EFS GmbH & Co. KG 
Glasbronnenstr. 6 
75449 Wurmberg, Germany 

Phone : (+49) 0 2841 8870032 
Fax : (+49) 0 2841 8870032 

MAGNETIC IMPLANT 

REF : 093001 

:       : XXXX-XX 

QTY: 1 

NON STERILE 

P/N XXXX-XXX 

EFS GmbH & Co. KG 
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75449 Wurmberg, Germany 

Phone : (+49) 0 2841 8870032 
Fax : (+49) 0 2841 8870032 

MAGNETIC IMPLANT 

REF : 093001 

:       : XXXX-XX 

QTY: 1 

NON STERILE 

P/N XXXX-XXX 
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75449 Wurmberg, Germany 
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REF : 093001 

:       : XXXX-XX 

QTY: 1 
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P/N XXXX-XXX 

EFS GmbH & Co. KG 
Glasbronnenstr. 6 
75449 Wurmberg, Germany 

Phone : (+49) 0 2841 8870032 
Fax : (+49) 0 2841 8870032 

MAGNETIC IMPLANT 

REF : 093001 

:       : XXXX-XX 

QTY: 1 

NON STERILE 

P/N XXXX-XXX 

EFS GmbH & Co. KG 
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75449 Wurmberg, Germany 

Phone : (+49) 0 2841 8870032 
Fax : (+49) 0 2841 8870032 

MAGNETIC IMPLANT 

REF : 093001 

:       : XXXX-XX 

QTY: 1 

NON STERILE 

P/N XXXX-XXX 

EFS GmbH & Co. KG 
Glasbronnenstr. 6 
75449 Wurmberg, Germany 
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Fax : (+49) 0 2841 8870032 

MAGNETIC IMPLANT 

REF : 093001 

:       : XXXX-XX 

QTY: 1 

NON STERILE 

P/N XXXX-XXX 
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Revised Primary Device Labels 
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Sophono Inc. - Traditional 510(k) Otomag Bone Conduction Hearing System   
Section 16: Sterilization and Shelf Life 

Section 16: Sterilization and Shelf Life  

1. Sterilization 
1.1. The Osseointegrated Magnetic Implant is provided clean but not sterile and is intended 

to be sterilized via gravity or prevacuum steam sterilization at the healthcare facility 
immediately prior to implantation.  The Physician’s Manual contains appropriate 
instructions for sterilization of the implant in accordance with the requirements of ISO 
17664-1:2004: Sterilization of medical devices - Information to be provided by the 
manufacturer for the processing of resterilizable medical devices.  In addition, the 
specified sterilization cycle is a commonly available cycle and has been validated in 
accordance with ISO 17665-1:2006: Sterilization of Healthcare Products - Moist Heat - 
Part 1 Requirements for the Development, Validation, and Routine Control of 
Sterilization Process for Medical Devices.   

1.2. Attachment 1 to Section 15 – Labeling contains a copy of the revised Physician’s Manual 
which contains details regarding pre-implant sterilization.  Refer to pages 11 and 12 of 
this manual for details. 

1.3. Appendix D to the overall submission contains validation protocols and reports for the 
specified sterilization cycle. 

2. Shelf-Life 
2.1. Not Applicable.  The Osseointegrated Magnetic Implant is not supplied sterile and the 

materials of the implant case (titanium grades 4 and 5) are not expected to suffer 
performance degradation over the life of the overall product. 

Page 16-1 of 1 
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Sophono Inc. - Traditional 510(k) Otomag Bone Conduction Hearing System   
Section 17: Biocompatibility 

Section 17: Biocompatibility  

1. Introduction 
1.1. The only new patient contacting materials present in the Osseointegrated Alpha 1(M) 

addition to the Otomag Bone Conduction Hearing System are related to the Magnetic 
Implant and its retention hardware (bone screws). 

1.1.1. In accordance with the flowchart shown in Figure 1 below from Attachment C of  
FDA General Program Memorandum #G95-1 the titanium material used in the 
implant could follow two available paths through the flow chart.  See the 
highlighted routes through Figure 1. 

1.1.1.1. Route 1: The magnetic implant is manufactured by
using the same materials, manufacturing processes, 

sterilization methods, and body contact types as legally marketed 
devices both in the US and in Europe.  This exact implant is currently 
being marketed with a CE mark in the EU by Otomag.  This path 
through the flow chart indicates that biocompatibility requirements have 
been met for the material of the implant case. 

1.1.1.2. Route 2:  A second available route through the flow chart conservatively 
assumes that the implant is not exactly the same as a legally marketed 
device and follows the path that asks if the material “is a polymer” (no), 
“is the material a metal, metal allow, or ceramic” (yes), “does it contain 
toxic substances” (no).  This path through the flow chart also indicates 
that biocompatibility requirements have been met for the material of the 
implant case.  The materials specifications for the titanium materials 
used in the case are contained in Appendix B to the overall submission. 

1.1.2. The titanium material used in the magnetic implant is well established as 
biocompatible and is used in implantable medical devices in similar applications 
such as cochlear implants and extensively as a material for orthopedic implants. 

1.1.3. The bone screws used to anchor the magnetic implant are also titanium.  These 
screws are manufactured by Stryker Leibinger and are a legally marketed device 
which was cleared under K970912 for use as self threading bone screw. 

Page 17-1 of 2 
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Sophono Inc. - Traditional 510(k) Otomag Bone Conduction Hearing System   
Section 17: Biocompatibility 

Page 17-2 of 2 

 

Figure 1:  FDA Memorandum #G95-1 
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Sophono Inc. - Traditional 510(k) Otomag Bone Conduction Hearing System   
Section 18: Software 

Section 18: Software 
None of the device changes that are the subject of this 510(k) involved changes to the device 
software and therefore no additional software testing or software documentation is provided in 
this submission.  All software documents provided in the original 510(k) submission (K100193) 
continue to be applicable to the modified version of this device. 
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Sophono Inc. - Traditional 510(k) Otomag Bone Conduction Hearing System   
Section 19: Electromagnetic Compatibility and Electrical Safety 

Section 19: Electromagnetic Compatibility and Electrical Safety 

 The changes made to the Otomag Bone Conduction Hearing System did not involve 
the electronics or software of the device and therefore there was no need to repeat 
previously completed EMC and Electrical Safety testing. 
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Sophono Inc. - Traditional 510(k) Otomag Bone Conduction Hearing System   
Section 20: Performance Testing - Bench 

Section 20: Performance Testing – Bench 

1. Introduction 
1.1. As a result of the application of risk analysis and the differences identified in the 

substantial equivalency comparison table, the following verification and validation 
activities were completed to ensure that the differences between the non-
osseointegrated predicate device and the osseointegrated version of the Otomag Bone 
Conduction Hearing System do not raise new questions of safety and effectiveness. 

1.2. Risk Areas identified as a result of risk analysis included: 
1.2.1. Material Biocompatibility 
1.2.2. Implant Anchoring 
1.2.3. Force Application to patient skin / mastoid 

1.3. The following section outlines the categories of Verification and Validation testing that 
were conducted and rationale for those areas where additional testing was unnecessary 
as a result of the scope of changes. 

1.4. Performance Testing: 
1.4.1. Implant Anchoring: Implant Anchoring using titanium bone screws 

(Liebinger 4mm facial plating screws) were validated for this use in validation 
protocol  to this overall submission. 

1.4.2. Force Application: Validation was performed to show that the range of 
forces that can be generated using the variety of magnetic spacers meets 
specifications derived from national and international standards and is 
substantially equivalent to the forces generated by the softband and 
headband versions of the device.  This validation is documented in validation 
protocol  to this overall submission. 

1.5. Material Biocompatibility: 
1.5.1. Refer to Section 17 and Appendix B of the overall submission for information on 

Biocompatibility. 

1.6. Sterilization Validation including Sterile Packaging: 
1.6.1. Refer to Section 16 and Appendix D of the overall submission for information on 

Sterilization Validation. 
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Sophono Inc. - Traditional 510(k) Otomag Bone Conduction Hearing System   
Section 21: Performance Testing - Animal 

Section 21: Performance Testing – Animal 
Not Applicable: Animal test data is not included as a part of this submission 
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Sophono Inc. - Traditional 510(k) Otomag Bone Conduction Hearing System   
Section 22: Performance Testing - Clinical 

Section 22: Performance Testing – Clinical 
Not Applicable: Clinical data is not included as a part of this submission 
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Appendix A 
 

ISO 14971:2007: Medical devices – application of risk management to 
medical devices; 

FDA Memorandum #G95-1: Use of International Standard ISO 10993, 
Biological Evaluation of Medical Devices Part 1: Evaluation and 

Testing 
ISO 17665-1:2006: Sterilization of Healthcare Products - Moist Heat - 

Part 1 Requirements for the Development, Validation, and Routine 
Control of Sterilization Process for Medical Devices 

ISO 17664-1:2004: Sterilization of medical devices - Information to be 
provided by the manufacturer for the processing of resterilizable 

medical devices 
ISO 15223-1:2007: Medical devices - Symbols to be used with medical 

device labels, labeling and information to be supplied 
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ISO 14971:2007: Medical devices – application of 
risk management to medical devices 
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FDA Memorandum #G95-1: Use of 
International Standard ISO 10993, Biological 

Evaluation of Medical Devices Part 1: 
Evaluation and Testing 
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Form Approved: OMB No. 0910-0120; Expiration Date: 8/31/10 

Department of Health and Human Services
 
Food and Drug Administration
 

STANDARDS DATA REPORT FOR 510(k)s 
(To be filled in by applicant) 

This report and the Summary Report Table are to be completed by the applicant when submitting a 510(k) that refer
ences a national or international standard. A separate report is required for each standard referenced in the 51 O(k). 

TYPE OF 510(K) SUBMISSION 

III Traditional D Special D Abbreviated 

STANDARD TITLE 1 

FDA 095-1 Use ofInternational Standard ISO 10993, Biological Evaluation ofMedical Devices Part 1: Evaluation and Testing 

Please answer the following questions Yes No 

Is this standard recognized by FDA 2? .................................................................................................. IlJ D 

FDA Recognition number 3 .................................................................................................................... # 2-98 
..__._

Was a third party laboratory responsible for testing conformity of the device to this standard identified 
in the 510(k)? ........................................................................................................................................ [lJ D 

Is a summary report 4 describing the extent of conformance of the standard used included in the 
510(k)? .................................................................................................................................................. 

If no, complete a summary report table. 
IlJ D 

Does the test data for this device demonstrate conformity to the requirements of this standard as it 
pertains to this device? ......................................................................................................................... [lJ D 

Does this standard include acceptance criteria? .................................................................................. 

If no, include the results of testing in the 510(k). 
IlJ D 

Does this standard include more than one option or selection of tests? ............................................... 

If yes, report options selected in the summary report table. 

[lJ D 

Were there any deviations or adaptations made in the use of the standard? ........................................ 

If yes, were deviations in accordance with the FDA supplemental information sheet (SIS) 5? .............. 
D 
D 

IlJ 
D 

Were deviations or adaptations made beyond what is specified in the FDA SIS? ................................. 

If yes, report these deviations or adaptations in the summary report table. 
D IlJ 

Were there any exclusions from the standard? ..................................................................................... 

If yes, report these exclusions in the summary report table. 
D IlJ 

Is there an FDA guidance6 that is associated with this standard? ......................................................... 

If yes, was the guidance document followed in preparation of this 51 Ok? ............................................. 
IlJ 
[lJ 

D 
D 

Title of guidance: _l}~_~.?f 1~~~~~~?~~L~tandard ISO-l 099~,_'~i?I<:>¥i~~I~~~I~~~~<:>_~?.!:~~_~i~~~~~_~i~~~~~J!!____..................................._
 

1 The formatting convention for the title is: [SOD] [numeric identifier] certification body involved in conformance assessment to this 
[title of standard] [date of pUblication] standard. The summary report includes information on all standards 

2 Authority [21 U.S.C. 360d], www.fda.gov/cdrh/stdsprog.html utilized during the development of the device. 
3 htlp:llwww.accessdata.fda.gov/scripts/cdrh/cfdocs/cfStandardsl 5 The supplemental information sheet (SIS) is additional information 

search.cfm which is necessary before FDA recognizes the standard. Found at 
htlp:l/www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfStandardsl 

4 The summary report should include: any adaptations used to adapt 
search.cfmto the device under review (for example. alternative test methods); 

choices made when options or a selection of methods are described; 6 The online search for CDRH Guidance Documents can be found at 
deviations from the standard; requirements not applicable to the www.fda.gov/cdrh/guidance.html 
device; and the name and address of the test laboratory or 

FORM FDA 3654 (9/07) Page 1 PSC Graphics POI) -14J·I090 EF 
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EXTENT OF STANDARD CONFORMANCE 
SUMMARY REPORT TABLE 

STANDARD TITLE 

Use ofIntemational Standard IS0-10993, 'Biological Evaluation of Medical Devices Part 1: Evaluation and Testing 

CONFORMANCE WITH STANDARD SECTIONS· 

CONFORMANCE?SECTION NUMBER SECTION TITLE 

All All IlJ Yes o No o N/A 

TYPE OF DEVIATION OR OPTION SELECTED· 

Attachment C- Biocompatibility Flow Chart for Selection of Toxicity Tests for 51O(k) used to select appropriate testing options 

DESCRIPTION 

Attachment C is used to determine which testing options/requirements are appropriate 

JUSTIFICATION 

See above 

SECTION NUMBER SECTION TITLE CONFORMANCE? 

DYes ONo o N/A 

TYPE OF DEVIATION OR OPTION SELECTED· 

DESCRIPTION 

JUSTIFICATION 

SECTION NUMBER CONFORMANCE?SECTION TITLE 

DYes oNo o N/A 

TYPE OF DEVIATION OR OPTION SELECTED· 

DESCRIPTION 

JUSTIFICATION 

• For completeness list all sections of the standard and indicate whether conformance is met. If a section is not applicable (N/A) 
an explanation is needed under "justification:' Some standards include options, so similar to deviations, the option chosen needs 
to be described and adequately justified as appropriate for the subject device. Explanation of all deviations or description of 
options selected when following a standard is required under "type of deviation or option selected," "description" and "justifica
tion" on the report. More than one page may be necessary. 

~	 Types of deviations can include an exclusion of a section in the standard, a deviation brought out by the FDA supplemental 
information sheet (SIS), a deviation to adapt the standard to the device, or any adaptation of a section. 

Paperwork Reduction Act Statement 

Public reporting burden for this collection of information is estimated to average I hour per response, including the 
time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and 
completing and reviewing the collection of infOlmation. Send comments regarding this burden estimate or any other 
aspect of this collection of information, including suggestions for reducing this burden, to: 

Center for Devices and Radiological Health 
1350 Piccard Drive 
Rockville, MD 20850 

An agency may not conduct or sponsor, and a person is not required to respond to, a collection of information 
unless it displays a currently valid OMB control number. 

FORM FDA 3654 (9/07)	 Page 2 
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ISO 17665-1:2006: Sterilization of 
Healthcare Products - Moist Heat - Part 1 

Requirements for the Development, 
Validation, and Routine Control of 

Sterilization Process for Medical Devices 
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ISO 17664-1:2004: Sterilization of medical 
devices - Information to be provided by the 

manufacturer for the processing of 
resterilizable medical devices 

 

 
 
Page 123 of 192

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



 
 
Page 124 of 192

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



 
 
Page 125 of 192

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



ISO 15223-1:2007: Medical devices - Symbols to 
be used with medical device labels, labeling and 

information to be supplied 
 

 
 
Page 126 of 192

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



 
 
Page 127 of 192

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



 
 
Page 128 of 192

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Appendix B 
 

Magnetic Implant Specification 
Material
Material 

Fotoplast Biocompatibility Information 
Translation Certificate  

 
 

 
 
Page 129 of 192

(b)(4)

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Implant Specification

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Implant Specification

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Implant Specification

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Implant Specification

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Implant Specification

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Implant Specification

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Implant Specification

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Appendix C 
 
 

 - Otomag Magnetic Implant Static Force Verification / Validation Protocol 
 

 - Otomag Magnetic Implant Screw Retention Force Validation Protocol 
 

 
 

 
 
Page 149 of 192

(b)(4) 

(b)(4) 

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Verification and Validation Protocol

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Verification and Validation Protocol

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Verification and Validation Protocol

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Verification and Validation Protocol

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Verification and Validation Protocol

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Verification and Validation Protocol

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Verification and Validation Protocol

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Verification and Validation Protocol

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Verification and Validation Protocol

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Verification and Validation Protocol

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Verification and Validation Protocol

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Verification and Validation Protocol

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Verification and Validation Protocol

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Verification and Validation Protocol

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Verification and Validation Protocol

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Verification and Validation Protocol

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Verification and Validation Protocol

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Verification and Validation Protocol

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Verification and Validation Protocol

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Verification and Validation Protocol

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Verification and Validation Protocol

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Verification and Validation Protocol

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Verification and Validation Protocol

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Appendix D 
 

Amended Report 
 

 
 
 

 
 
Page 173 of 192

(b) (4)

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Verification and Validation Protocol

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Verification and Validation Protocol

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Verification and Validation Protocol

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Verification and Validation Protocol

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Verification and Validation Protocol

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Verification and Validation Protocol

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Verification and Validation Protocol

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Verification and Validation Protocol

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Verification and Validation Protocol

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Verification and Validation Protocol

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Verification and Validation Protocol

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Verification and Validation Protocol

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Verification and Validation Protocol

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Verification and Validation Protocol

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Verification and Validation Protocol

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Verification and Validation Protocol

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Verification and Validation Protocol

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Verification and Validation Protocol

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Verification and Validation Protocol

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Sophono Inc. -Traditional 510(k) Otomag Bone Conduction Hearing System
Table of Contents

Otomag Bone Conduction Hearing System 510(k)

Table of Contents
Section TAB #
01 - Medical Device User Fee Cover Sheet (Form 3601) 1

02 - CDRH Premarket Review Submission Cover Sheet (Form 3514) 2

03 - Requirements of ClinicalTrials.gov (Form 3674) 3

04 - 510(k) Cover Letter 4

05 - 510(k) Screening Checklist 5

06 - Indications for Use Statement 6

07 - 510(k) Summary 7

08 - Declarations of Conformity with standards 8

09 - Truthful and Accuracy Statement 9

10 - Class IlI Certification and Summary 10

11 - Financial Certification or Disclosure Statement 11

12 - Executive Summary 12

13 - Device Description/Description of Changes 13

14 - Substantial Equivalence Discussion 14

15 - Labeling 15

> Physicians Manual

> Patient User Manual

> Magnetic implant Package Label

> Revised Primary Device Labels

16 - Sterilization and Shelf Life 16

17 - Biocompatibility 17

18 - Software 18

19 - Electromagnetic Compatibility and Electrical Safety 19

20 - Performance Testing - Bench 20

21 - Performance Testing - Animal 21

22 - Performance Testing - Clinical 22

TOC Page 1 of 2

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Sophono Inc. - Traditional 510(k) Otomag Bone Conduction Hearing System
Table of Contents

Appendix A - Standards Data Reports - FDA Form 3654

Appendix B - Biocompatibility

Appendix C - Bench Performance Testing

Appendix D - Sterilization Validation

TOC Page 2 of 2

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Sophono Inc. - Traditional 510(k) Otomag Bone Conduction Hearing System
Section 01: Medical Device User Fee Cover Sheet (Form 3601)

Section 01: Medical Device User Fee Cover Sheet (Form 3601)
See attached Form 3601

Page 01-1 of 2

Page 1 of 192 '770

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



7/9/2010 Site: null

Form Approved: OMRNo. 0910-511 Expirauon Dote: January 31, 2010. See Instructions for MR Starent.

DEPARTMENT OF HEALTH AND HUMAN
SERVICES IPA NUMBER:

FOOD AND DRUG ADMINISTRATION 
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1. COMPANY NAME AND ADDRESS 2. CONTACT NAME
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O Post-approval Study Protocol E] Material
O Request for Applicant Hold O Specifications

Request for Removal of Applicant Hold Other (specify beow) E Report Submission
Request to Remove or Add Manufacturing Site Oinnual or Periodic

Process change: L Labeing change: 5 Aest-a ceaStudy
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Sterilization instructions Amendment

O] Other (specify beow) Performance Characteristics
L Shelf Life
O Trade Name O Change in Ownership

Oother (sp.aCr'eol O Change in Correspondent
E Response to FDA correspondence: f Change of Applicant Address

Other Reason (specey):

5 New Device [ Change In: O Response to FDA Letter Concerning:

0 New Indication 0i Coaespondent/Applicant O] Consditonal Approval
SAddition of Institution D Design/Device O Deemed Approved
5 Expansion / Extension of Study 5 Informed Consent 0] Deficient Final Report

L IRS Certifation [ manufacturer O Deficient Progress Report
n Termination of Study Li Manufacturing process O Deficient investigator Report
5 Withdrawa of Aplication 5 Protocol - Feasibility O Disapproval

O Unanticipated Adverse Effect 5 Protocol - Other 5 Request Extension of

0 Notification oi Emergency use O sponsor Time to Respond to FDA

5 Compassionate Use Request 0 Request Meeting
5 Treatment IDE 5 Report submission: O Request Hearing
O Continued Access 5 Current Investigator

Annual Progress Report
0 site Waiver Report

Final

5 Other Reason (specfy):

New Device Additional or Expanded Indications O Change 1n Technology

Other Reason (specify):

Traditional 510(k) submission for modification to an existing cleared device. The proposed modification does not affect the intended use of the device or alter the
fundamental scientific technology of the device. Minor wording changes to indications for use statement are being requested.
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bslintan on dee to which su bs equivan s dalmedf knowrn)

510(k) Nmber Trda preay or fodel Narn Manufacture

K1 00193 1 Otomag Bone Conution Heang Systn 1 Sphone, In.

2 2 2

3 3 3

4 4 4

5 5 5

6 g 6

ComiIon or usual name or as aia nam

Boar Conduction Hearing Aid

Trade or Proprielary or Mad Name for This Deli Model Number

Otornag Ban Conduction Hearing System Alpha I(S) and Alpha 1(M)

2 2

3 3

4 4

5 5

FDA dnment numbers of ad idor relatd si o ardless of oukarnei

1 K100193 2 3 4

7 8 9 10 11 12

Data Included In Submisalon

SECTION Gm PROhmUCT CLSIIC TO APICATIO T O ALL APLCATIOnNS i* -- IeC. e *an., O................ ....... .O... s..

Product Code C.F.R. SdWilnapptable) Decea
LXB 21 CFR 8743300 Clam I clas 11

Chaaficaln Paal
O ci.. isl O uneasled

Ear Nose & Thuoat

Indicalkons(Durn labehig)
The Otomag Alpha I Sound Processor is intended for use with the Oromag Headband or Otomag Softband (no age limitations), or with the Otomag Oseointegrated Magnetic implant
patients 5 years of age and up) for the following patients and indications:

Paticnts with conductive or mixed hearing losses, who can still benefit from amplitication ofrsound. The pure tone average (PTA) bone conduction (BC) theshold for the indicated ear
should be better than 45 d3 HL (ieasured at 0.5, 1, 2, and 3 kHz)

Bilateral fitting is applicable for m.ost patients having a symmetrically conductive or mixed hearing loss. The difference between the left and right sides' BC thresholds should be Icss
than 10dB on average miasuredat 0.5, 1, 2, and 4 kHz, or less than 15 dB at individual frequencies.

Patients who have a profound sensorineural hearing loss in one car and nonual hearing in the opposite ear, who for some reason will not or cannot use an AC CROS The pare tone
average (PTA) air conduction (AC) threshold of the hearing ear should be better than 20 dB HL (measured at 0.5, 1, 2 and 3 kHz).

FORM FDA 3614 (3108) Page 3 of 5 Pages
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FDA Document Number (if known)
Note: Submission of this Infomation does not affect the need to submit a 2891 or
2891 a Device Establishment Registration ton.

O Oginal Facility Establishment Identifier (FEt) Number Manufacturer O Contract Stertzer

Add FC Delete Contract Manufacturer Repackager I Relabeler

Company / Institution Name Establishment Registration Number

Division Name (if applicable) Phone Number (including area code)

Street Address FAX Number (including area code)

City State I Province ZIP Code Country

e Contact E-nail Address

]O Original Facility Establishment Identifier (FEI) Number E Manufacturer E Contract Sterilizer

Add Delete Contract Manufacturer [ Repackager I Relabeer

Company / Institution Name Establishment Registration Number

Division Name (if applicable) Phone Number (including area code)

Street Address FAX Number (including area cods)

City State / Province ZIP Code Country

Contact Name Contact Title Contact E-mail Address

FORM FDA 3614 (3/08) |Ad CondliontPays Page 4 of 5 Pages
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SETO I UTLZTO OF STANARS

Note: Complete this section if your application or submission cites standards or includes a "Declaration of Conformity to a Recognized
Standard" statement.

Standards No. Standards Standards Title Version Date
Organization

1 14971 ISO Medical Devices: Application of risk management to medical devices Second Edition 03/01/2007

Standards No. Standards Standards Title Version Date
Organization

2 FDA Use of Intenational Standard ISO 10993, Biological Evaluation of NA05/01/1995
#9F Medical Devices Part 1: Evaluation and Testing

Standards No. Standards Standards Title Version Date
Organization

Sterilization of Iealdicare Products - Moist Heat - Part 1
17665-1 ISO Requirements for the Development, Validation, and Routine Control First Edition 08/15/2006

of Sterilization Process for Medical Devices

Standards No. Standards Standards Title Version Date
Organization

4 17664- Sterilization of medical devices - Information to be provided by the First Edition 03/01/2004
150I manufacturer for the processing of resterilizable medical devices

Standards No. Standards Standards Title Version Date
Organizatlon

5 15223-1 Medical Devices. Symbols to be used with medical device labels, First Edition 04/15/2007
ISO labelling and information to be supplied

Standards No. Standards Standards Title Version Date
Organization

6

Standards No. Standards Standards Title Version Date
Organization

7

Please Include any additional standards to be cited on a separate page.

Public reporting burden for this collection of information is estimated to average 0.5 hour per response, including the time for reviewing instructions, searching
existing data sources, gathering and maintaining the data needed, and completing reviewing the collection of information Send comments regarding this burden
estimate or any other aspect of this collection of information, including suggestions for reducing this burden to

Department of Health and Human Services
Food and Drug Administration
Office of the Chief Information Officer (HFA-710)
5600 Fishers Lane
Rockville, Maryland 20857

An agency may not conduct or sponsor, and aperson is not requiredlto respond to, a collection ofinformation unless it displays a currently valid OMB control number

FORM FDA 3514 (3108) Page 5 of 5 Pages
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Sophono Inc. - Traditional 510(k) Otomag Bone Conduction Hearing System
Section 03: Requirements of ClinicalTrials.gov (Form 3674)

Section 03: Requirements of ClinicalTrials.gov (Form 3674)
See attached Form 3674

Page 03-1 of 3
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See OMB Statement on Reverse. FormApooved OMB No. 0910-0616. Expiralion Date: 10-31-2011

DEPARTMENT OF HEALTH AND HUMAN SERVICES
Food and Drug Administration

Certification of Compliance, under 42 U.S.C. 5 282(j)(5)(B), with
Requirements of ClinicalTrials.gov Data Bank (42 U.S.C. § 2820))

(For submission with an application/submission. including amendments, supplements, and resubmissions, under §§ 505. 515. 520(m), or 510(k) of the
Federal Food, Drug, and CosmeticAct or § 351 of the Public Health Service Act.)

4 .WHik@NN$.AtMETPONSOI /APPIICANT4SUBMITTERI)NFORMATION .AADA PM 04#6
1. NAME OF SPONSORAPPLICANTISUSMITTER 2. DATE OF THE APPLICATIONISUBMISSION

Sophonolnc. WHICH THIS CERTIFICATION ACCOMPANIES

3. ADDRESS (Number, Street State, and ZIP Code) 4. TELEPHONE AND FAX NUMBERS
(Include Ara Code)

903 Brooklawn Drive 303-546-1663
Boulder, CO 80303 (Tel.)

(Fax) 720-222-2432
. . .... .. 2. 2 2 2.2.......... P2 ...

5 FOR DRUGSIBIOLOGICS: Include AnyAIl Available Estalished, Proprietary and/or ChemicallBiochemicall~toodlCellularlGene Therapy Product Name(s)
FOR DEVICES: Include Any/All Common or Usual Name(s), Classification, Trade or Proprietary or Model Name(s) and/or Model Number(s)
(Attach extra pages as necessary)

Proprietary Name: Otomag Bone Conduction Hearing System

Classification Name: Bone Conduction Hearing Aid; 21 CFR 874,3300

0:20 1 Z~:APPLIcATION'I.SUBMISSION INFORMATION 2<
6. TYPE OF APPLICATION/SUBMISSION WHICH THIS CERTIFICATION ACCOMPANIES

O ND NDA [ ] ANDA O BLA O PMA ] HOE Q 510(k) E] PDP Other

7. INCLUDE INDINDA/ANDAIBLAJPMWHDE/SIO(k)IPOP/OTHER NUMBER (lilnumber previously assigned)
K100193

B. SERIAL NUMBER ASSIGNED TO APPLICATION/SUBMISSION WHICH THIS CERTIFICATION ACCOMPANIES

5 : "1 CERTIFICATIONISTATEMENTd INFORMATION r ifS o4 .t 711
9. CHECK ONLY ONE OF THE FOLLOWING BOXES (See instructions Jbr additional information and explanation)

A. I certify that the requirements of 42 U.S.C. § 2820), Section 4020) of the Public Health Service Act, enacted by 121 Stat. 823. Public Law
110-85, do not apply because the application/submission which this certification accompanies does not reference any clinical trial.

B. I certify that the requirements of 42 U.S.C. § 2820), Section 4020) of the Public Health Service Act, enacted by 121 Stat. 823. Public Law
110-85, do not apply to any clinical trial referenced in the application/submission which this cedification accompanies.

C. I certify that the requirements of 42 U.S.C. § 2820). Section 4020) of the Public Health Service Act, enacted by 121 Slat. 823, Public Law
110-85, apply to one or more of the clinical trials reiarenced in the application/submission which this oeftification accompanies and that
those requirements have been met.

10. IF YOU CHECKED BOX C, IN NUMBER 9, PROVIDE THE NATIONAL CLINICAL TRIAL (NCT) NUMBER(S) FOR ANY "APPLICABLE CLINICAL TRIAL(S)."
UNDER 42 U.S.C. § 2820)(1)(A)(i). SECTION 4020)(1)(A)(i) OF THE PUBLIC HEALTH SERVICE ACT, REFERENCED IN THE APPLICATION/
SUBMISSION WHICH THIS CERTIFICATION ACCOMPANIES (Attach extra pages as necessary)

NCT Number(s):

al~~ai~~t~iJhabth" i acidnrtiia %Tt'iiU that1 W ithbef
f1arfitbInis h itiatci ie byf42 U.S;c;1§l82(5i(B) liibioni 402ox)( hb uifli tkoigsb h

ofnder a11U.S.§ fSil ifin IIcat!dio nerridad Fv.C$gdi331and Cotic A;ct:
.~*r~flgAw~fJI~yndkn~r~n~yf tsemtfl am I'halo ., Code, Utlo 1lacori\1001;-' in Y "v, ~

11. SIGNATURE OF SPONSOR/AP Ll NT/SUBMITTER OR AN 12. NAME AND TITLE OF THE PERSON WHO SIGNED IN NO. 11
HORIZED REPRESENTAT E Sign) Jim Kaic

(Name) ................. ..................

(Title) CEO

13. AD ESS (Number, Street State, and ZIP Code) (ofjperson identified 14. TELEPHONE AND FAX NUMBERS 15 DATE OF

in o .1nd 12) (include Area Code) CERTIFICATION I

90 rooklawn Drive (Tel.) 303-546-I663
o ider, CO 80303 720-222432

Form FDA 3674 (11/08) (FRONT) M . O "aE

P7f0
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Instructions for Completion of Form FDA 3674
Certification of Compliance, under 42 U.S.C. f 282(j)(5)(B), with Requirements of ClinIcalTrials.gov Data Bank (42 U.S.C.4 282))
Form 3674 must accompany an application/submission, including amendments, supplements, and resubmissions, submitted under §§ 505,
515, 520(m), or 510(k) of the Federal Food, Drug, and Cosmetic Act or § 351 of the Public Health Service Act.
1. Name of Sponsor/Applicant/Submitter - This is the name of the sponsorlapplicant/submitter of the drug/biologic/device applicationd

submission which the certification accompanies. The name must be identical to that listed on the application/submission.

2. Date -This is the date of the application/submission which the certification accompanies.
3. & 4. -Provide complete address, telephone number and fax number of the sponsorapplicant/submitter.

S. Product Information - For Drugs/Blologics: Provide the established, proprietary name, and/or chemicaflbiochemicaVblood product/
cellularigene therapy name(s) for the product covered by the application/submission. Include all available names by which the product is
known. For Devices: Provide the common or usual name, classification, trade or proprietary or model name(s), and/or model number(s).
Include all available names/model numbers by which the product is known.

6. Type of Application/Submisslon - Identify the type of application/submission which the certification accompanies by checking the
appropriate box. If the name of the type of application/submission is not identified, check the box labeled "Other."

7. IND/NDA/ANDAIBLA/PMAHDE510(k)/PDP/Other Number - if FDA has previously assigned a number associated with the application/
submission which this certification accompanies, list that number in this field. For example, If the application/submission accompanied by
this certification is an IND protocol amendment and the IND number has already been issued by FDA. that number should be provided in
this field.

6. Serial Number - In some instances a sequential serial number is assigned to the application, If there is such a serial number, provide it in
this field. If there is no such number, leave this field blank.

9. Certification - This section contains three different check-off boxes.
Box A should be checked If the sponsor/applicant/submitter has concluded that the requirements of 42 U.S.C. § 2820), section 402() of
the Public Health Service Act, do not apply because no clinical trials are included, relied upon, or otherwise referred to, in the application/
submission which the certification accompanies.
Box B should be checked if the sponsorlapplicant/submitter has concluded that the requirements of 42 U.S.C. § 282(), section 4020) of
the Public Health Service Act, do not apply at the time of submission of the certification to any clinical trials that are included, relied upon,
or otherwise referred to, In the application/submission which the certification accompanies. This means that, even though some or all of the
clinical trials included, relied upon, or otherwise referred to in the application/submission may be 'applicable clinical trials' under 42 U.S.C.
§ 282()(1)(A)(i). section 4020)(1)(A)(i) of the Public Health Service Act, on the date the certification is signed, 42 U.S.C. § 282(), section
4020) of the Public Health Service Act, does not require that any information be submitted to the ClinicalTrials.gov Data Bank with respect
to those clinical trials.
Box C should be checked if the sponsorapplcant/submitter has concluded that the requirements of 42 U.S.C. § 2820), section 4020) of
the Public Health Service Act, do apply, on the date the certification is signed, to some or all of the clinical trials that are included, relied
upon, or otherwise referred to, in the application/submission which the certification accompanies. This means that, as of the date the
certification is signed, the requirements of 42 U.S.C. § 2820), section 4020) of the Public Health Service Act, apply to one or more of the
clinical trials included, relied upon, or otherwise referred to, in the application/submission which this certification accompanies.

10. National Clinical Trial (NCT) Numbers - If you have checked Box C in number 9 (Certification), provide the NCT Number obtained from
www.ClinicalTrlals.gov for each clinical trial that is an "applicable clinical triar under 42 U.S.C. § 2820)(11)(A)(i). section 402(j)(1)(A)(i) of the
Public Health Service Act, and that is Included, relied upon, or otherwise referred to, in the application/submission which the certification
accompanies. Type only the number, as the term "NCT" will be added automatically before number. Include any and all NCT numbers that,
as of the date the certification is signed, have been assigned to the clinical trials included, relied upon, or otherwise referred to, in the
application/submission which this certification accompanies. Multiple NCT numbers may be required for a particular certification,
depending on the number of "applicable clinical trials" included, relied upon, or otherwise referred to, in the app(licationtsubmission which
the certification accompanies. Leave this field blank W you have checked Box 9.C but, at the time the certification is completed, you have
not yet received any NCT numbers for the "applicable clinical trial(s)" Included, relied upon, or otherwise referred to in the application/
submission.

11. Signature of Sponsor/Applicant/Submitter or an Authorized Representative - The person signing the certification must sign in this
field.

12. Name and Title of Person Who Signed In number 11 - Include the name and title of the person who is signing the certification. If the
person signing the certification is not the sponsor/applicant/submitter of the application/submission, he or she must be an authorized
representative of the sponsor/applicant/submitter.

13. & 14. - Provide the full address, telephone and fax numbers of the person who is identified in number 11 and signs the certification in
number 11.

15. Provide the date the certification is signed. This date may be different from the date provided in number 2.

Paperwork Reduction Act Statement
Public reporting burden for this collection of Infounatlon is estimated to average 15 minutes and 45 minutes (depending on the type of application/submission)
per response, including time for reviewing instructions. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to the address below.

Department of Health and Human Services An agency may not conduct or sponsor, and a person is
Food and Orug Administration not required to respond 10, a coflction of inftormtion,
Office of the Chief Information Officer (HFA-250) unless it displays a currently valid OMS control number
5000 Fishers Lane
Rockville, MD 20857

Form FDA 3674 (11/08) (BACK)
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K 10Z/ 9(FDA CDRH DMc >h00

510(k) Cover Letter A C M S010nAU6 0 4 a010,
Receivedl

Date of Submission: August 3, 2010

Food and Drug Administration
Center for Devices and Radiological Health
Document Mail Center - W066-G609
10903 New Hampshire Avenue
Silver Spring, MD 20993-0002

RE: Traditional 510(k) Submission for Changes to Otomag Bone Conduction Hearing System

Dear Madam/Sir:

Sophono Inc. hereby submits this Traditional 510(k) for modifications made to a previously
cleared device. The modification described adds a new configuration into the Otomag Bone
Conduction Hearing System family. The new configuration (Alpha 1(M)) uses an implantable
magnet as a fixation system for the sound processor instead of a headband or softband as was
used in the prior version of the device cleared under K100193 - Otomag Bone Conduction
Hearing System - May 18, 2010.

The addition of the Alpha 1(M) configuration of the product requires no change in intended use
of the device, but does require minor wording changes to the Indications for Use statement. In
addition, this new configuration introduces new design specifications and new materials to the
product as well as revisions to product labeling. Modifications do not affect the fundamental
scientific technology of the device.

Device Indications For Use:

The Otomag Alpha 1 Sound Processor is intended for use with the Otomag Headband or
Otomag Softband (no age limitations), or with the Otomag Osseointegrated Magnetic Implant
(patients 5 years of age and up) for the following patients and indications:

* Patients with conductive or mixed hearing losses, who can still benefit from amplification
of sound. The pure tone average (PTA) bone conduction (BC) threshold for the
indicated ear should be better than 45 dB HL (measured at 0.5, 1, 2, and 3 kHz).

* Bilateral fitting is applicable for most patients having a symmetrically conductive or
mixed hearing loss. The difference between the left and right sides' BC thresholds
should be less than 10dB on average measured at 0.5, 1, 2, and 4 kHz, or less than 15
dB at individual frequencies.

* Patients who have a profound sensorineural hearing loss in one ear and normal hearing
in the opposite ear, who for some reason will not or cannot use an AC CROS. The pure
tone average (PTA) air conduction (AC) threshold of the hearing ear should be better
than 20 dB HL (measured at 0.5, 1, 2 and 3 kHz).

Page 04-1 of 4
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Sophono Inc. - Traditional 510(k) Otomag Bone Conduction Hearing System
Section 04: Cover Letter

Contraindications

Any factor that would cause a clinician to refer the patient for medical assessment will
temporarily, or in some cases permanently, halt the process of hearing aid fitting. These factors
include:

* A hearing loss of sudden onset;

* A rapidly progressing hearing loss;

* Pain in either ear;

* Tinnitus of sudden recent onset, or unilateral tinnitus;

* Unilateral or markedly asymmetrical hearing loss of unknown origin;

* Vertigo (e.g. dizziness)

Confidentiality:

Please be aware that Sophono Inc. considers our intent to market the Otomag Bone Conduction
Hearing System, and the information provided in support of this premarket notification, to be
confidential commercial information and afforded such protection under 21 CFR 807.95.

Material in this application may be trade secret or confidential commercial or financial
information within the meaning of 21 C.F.R. § 20.61 and, therefore, non-discloseable under the
Freedom of Information Act, even after the existence of the application becomes public. We ask
that you consult with the company as provided in 21 C.F.R. § 20.45 before making any part of
this submission publicly available.

Electronic Copy:

Please be aware that this submission contains one (1) paper copy with signatures and (1)
electronic copy that is an exact duplicate of the paper copy created in accordance with
instructions on FDA's website. The electronic copy has been placed along with a second paper
copy of the cover letter in the binder being submitted to FDA.

If any additional information is required, or the Agency has questions regarding the contents of
the submission, please contact our submission correspondent, Clay Anselmo. His contact
information is included below. We are looking forward to working with the agency and will
promptly respond to any requests or questions you may have.

Sincerely,

James F Kasic II
President and CEO
Sophono, Inc.

Page 04-2 of 4
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Sophono Inc. - Traditional 510(k) Otomag Bone Conduction Hearing System
Section 04: Cover Letter

Submitter/Manufacturer Sophono, Inc.
Name and Street Address: 903 Brooklawn Drive

Boulder, CO 80303
Ph: 303-546-1663
Fax: 720-222-2432
jkasic@comcast.net

Official Submission 
Contact: 

Establishment Registration Not Yet Assigned
Number:

Type of Submission: Traditional 510(k)

Trade Name: Otomag Bone Conduction Hearing System
Common Name: Bone Conduction Hearing Aid
Classification Name: 874.3300 - Hearing Aid

Classification: Class II

Device Classification Ear, Nose and Throat
Panel:

Device Product Code: LXB

Basis for Submission: Device Changes: Indications Statement, Technical
Specification Changes, Material Changes, Labeling
Changes

Identification of the legally Prior version of Otomag Bone Conduction Hearing
marketed devices System cleared in K100193.
(predicate):

Compliance with special * Not Applicable
controls, mandatory
performance standards or
radiation device standards:

Page 04-3 of 4
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Sophono Inc. - Traditional 510(k) Otomag Bone Conduction Hearing System
Section 04: Cover Letter

Cited Voluntary Standards: * ISO 14971:2007: Medical devices -
application of risk management to medical
devices;

* FDA Memorandum #G95-1: Use of
International Standard ISO 10993,
Biological Evaluation of Medical Devices
Part 1: Evaluation and Testing

* ISO 17665-1:2006: Sterilization of
Healthcare Products - Moist Heat - Part 1
Requirements for the Development,
Validation, and Routine Control of
Sterilization Process for Medical Devices

* ISO 17664-1:2004: Sterilization of medical
devices - Information to be provided by the
manufacturer for the processing of
resterilizable medical devices

* ISO 15223-1:2007: Medical devices -
Symbols to be used with medical device
labels, labeling and information to be
supplied

Design and Use of the Device
- ------- ----- ~- - ------- r

Question YES NO

Is the device intended for prescription use (21 CFR 801 Subpart D)? f 4
Is the device intended for over-the-counter use (21 CFR 807 Subpart
C)?

Does the device contain components derived from a tissue or other
biologic? _ T '_
Is the device provided sterile?

!Is the device intended for single use?

Is the device a reprocessed single use device?
If yes, does this device type require reprocessed validation data?
Does the device contain a drug?
Does the device contain a biologic?

Does the device use software?
;Does the submission include clinical information?

Is the device implanted?

Page 04-4 of 4
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Sophono Inc. - Traditional 510(k) Otomag Bone Conduction Hearing System
Section 05: 510(k) Screening Checklist

Section 05:

Screening Checklist for Traditional/Abbreviated Premarket Notification

[510(k)] Submissions

based on
Guidance for Industry and FDA Staff

Format for Traditional and Abbreviated 510(k)s
http://www.fda.gov/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/ucm084365.htm

MDUFMA Cover Sheet Medical Device User Fee Cover Sheet V

CDRH Premarket CDRH Premarket Review Submission Voluntary
Review Submission Cover Sheet
Cover Sheet
510(k) Cover Letter Appendix A of "Guidance for Industry and FDA

Staff Format for Traditional and Abbreviated
510(k)s" updated November 17, 2005

Indications for Use Device Advice "Content of a 510(k)" Section D /
Statement
510(k) Summary or Device Advice " Content of a 510(k)" Section E /
510(k) Statement
Truthful and Accuracy Device Advice "Content of a 510(k)" Section G /
Statement
Class III Summary and Class Ill Summary and Certification Form
Certification
Financial Certification or FORM FDA 3454, Certification: Financial
Disclosure Statement Interests and Arrangements of Clinical

Investigators
FORM FDA 3455, Disclosure: Financial Interests
and Arrangements of Clinical Investigators
Financial Disclosure by Clinical Investigators

Declarations of Use of Standards in Substantial Equivalence
Conformity and Determinations
Summary Reports FDA Standards program
(Abbreviated 510(k)s) Declaration of conformity

Required Elements for Declaration of Conformity
to Recognized Standard

Executive Summary See section 10 in Chapter II of "Guidance for
Industry and FDA Staff Format for Traditional
and Abbreviated 510(k)s" updated November
17, 2005

Device Description See section 11 in Chapter II of "Guidance for
Industry and FDA Staff Format for Traditional
and Abbreviated 510(k)s" updated November
17, 2005
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Sophono Inc. - Traditional 510(k) Otomag Bone Conduction Hearing System
Section 05: 510(k) Screening Checklist

Substantial Equivalence Guidance on the CDRH Premarket Notification
Discussion Review Program 6/30/86 (K86-3)
Proposed Labeling Device Advice " Content of a 510(k)" Section H

Sterilization/Shelf Life Updated 510(k) Sterility Review Guidance (K90-
1)
For reuse of single use devices, see Guidance
for Industry and FDA Staff - Medical Device
User Fee and Modernization Act of 2002
Validation Data in Premarket Notification
Submissions (51 0(k)s) for Reprocessed Single-
Use Medical Devices

Biocompatibility FDA Blue Book Memo, G95-1, Use of
International Standard ISO-10993,

Software Guidance for the Content of Premarket
Submissions for Software Contained in Medical
Devices

Electromagnetic CDRH Medical Device Electromaqnetic
Compatibility/Electrical Compatibility Program
Safety See also IEC 60601-1- 2 Medical Electrical

Equipment -- Part 1: General Requirements for
Safety; EMC - Requirements and Tests (Second
Edition, 2001)

Performance Testing - See section 18 in Chapter II of "Guidance for
Bench Industry and FDA Staff Format for Traditional

and Abbreviated 510(k)s" updated November
17, 2005

Performance Testing - See section 19 in Chapter II of "Guidance for
Animal Industry and FDA Staff Format for Traditional

and Abbreviated 510(k)s" updated November
17, 2005

Performance Testing - See section 20 in Chapter II of "Guidance for
Clinical Industry and FDA Staff Format for Traditional

and Abbreviated 510(k)s" updated November
17, 2005 V
Certification/Disclosure Forms: Financial
Interests and Arrangements of Clinical
Investigators

FORM FDA 3654 Standards Data Report Form - Form 3654
Standards Data Report 1: No standard used - No Standards Form
for 510(k)s - Required

2: Declaration of Conformity - Yes Standards
Form Required
3: Standard but no declaration - Yes
Standards Form Required

Kit Certification Device Advice V
Last Updated: 9/3/08 - Brandi Stuart
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Section 06: Indications for Use
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Indications for Use

510(k) Number:

Device Name: Otomaa Bone Conduction Hearing System

Indications for Use:

The Otomag Alpha I Sound Processor is intended for use with the Otomag Headband or Otomag
Softband (no age limitations), or with the Otomag Osseointegrated Magnetic Implant (patients 5 years of
age and up) for the following patients and indications:

* Patients with conductive or mixed hearing losses, who can still benefit from amplification of sound.
The pure tone average (PTA) bone conduction (BC) threshold for the indicated ear should be better
than 45 dB HL (measured at 0.5, 1, 2, and 3 kHz).

* Bilateral fitting is applicable for most patients having a symmetrically conductive or mixed hearing
loss. The difference between the left and right sides' BC thresholds should be less than 10dB on
average measured at 0.5, 1, 2, and 4 kHz, or less than 15 dB at individual frequencies.

* Patients who have a profound sensorineural hearing loss in one ear and normal hearing in the opposite
ear, who for some reason will not or cannot use an AC CROS. The pure tone average (PTA) air
conduction (AC) threshold of the hearing ear should be better than 20 dB HL (measured at 0.5, 1, 2
and 3 kHz).

Prescription Use X AND/OR Over-The-Counter Use
(Part 21 CFR 801 SubpartD) (21 CFR 801 Subpart C)

(PLEASE DO NOT WRITE BELOW THIS LINE-CONTINUE ON ANOTHER PAGE IF
NEEDED)

Concurrence of CDRH, Office of Device Evaluation (ODE)

Page 1 of I
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Section 07: 510(k) Summary

Section 07: 510(k) Summary
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Sophono Inc. -Traditional 510(k) Otomag Bone Conduction Hearing System
Section 07: 510(k) Summary

510(k) Summary: Otomag Bone Conduction Hearing System
This summary of substantial equivalence information is being subm itted in accordance with the
requirements set forth in 21 CFR 807.92.

Submitter: Sophono, Inc.

Establishment Registration Number: Not Yet Assigned

Contact Information:

Sophono, Inc.
903 Brooklawn Dr.
Boulder, Colorado 80303
Ph: 303-546-1663
Fax: 720-222-2432
Contact: Jim Kasic
Email: jkasic@comcast.net

Date Prepared: July 27, 2010

Name of Device: Otomag Bone Conduction Hearing System

Common Name: Bone Conduction Hearing System

Classification Name: Hearing Aid

Device Classification:

* Classification: 11

* Classification Panel: Ear, Nose and Throat

* Regulation Number: 874.3300
* Product Code: LXB

Predicate Device:

Otomag Bone Conduction Hearing System, Unmodified Version - K100193

Device Description:

The Otomag Bone Conduction Hearing System is a family of sound processors and accessories
that operate on the principle of bone conduction of sound vibrations. The Otomag System consists
of two distinct configurations; Alpha 1 (S) and Alpha 1 (M). This 510(k) is being submitted to add
the Osseointegrated Alpha 1 (M) configuration to the existing product family.

In the Otomag Alpha 1 (S), the Otomag Sound Processor is attached magnetically to a headband or
softband. The headband or softband holds the sound processor against the head and vibration is
transduced through direct contact with the patient's skin and the bone below.

the Otomag Alpha 1 (M), the Otomag Sound Processor is attached magnetically to an
osseointegrated implanted magnet assembly. This configuration of the system is based on
osseointegration of the implant through which living tissue integrates with the titanium implant
causing the implant to be integrated into the bone. The magnetic field holds the sound processor

Page 07-2 of 4

Page 22 of 192

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Sophono Inc. -Traditional 510(k) Otomag Bone Conduction Hearing System
Section 07: 510(k) Summary
agains the head and vibration is transduced through direct contact with the patient's skin and the
bone below.

The Otomag System is designed for use for those patients with conductive hearing loss, those
patients who have sensorineural hearing loss up to 45 dB in combination with their conductive loss,
and single sided deafness as defined in the indications for use. The prescriptive formula and
adjustments available to the audiologist in the software allow for programming the Otomag System
for individual patient hearing loss.

Technological Characteristics:

The technological characteristics of the Osseointegrated version of the Otomag Bone Conduction
Hearing System are equivalent to those of the predicate device (non-Osseointegrated version).
Items that are identical between the Osseoi ntegrated version and the predicate are:

* Overall Device Performance

* Fundamental Technology (bone conduction)

* Software

Technological characteristics that are different between the modified device and the predicate are
as follows:

* Patient contact materials: Addition of a titanium cased magnetic implant for attachment.

* Method of Sound Processor Attachment: Addition of a titanium cased magnetic implant for
attachment.

Through non-clinical performance testing and evaluation, the identified technological differences do
not raise new questions of safety and effectiveness.

Device Indications For Use:

The Otomag Alpha 1 Sound Processor is intended for use with the Otomag Headband or Otom ag
Softband (no age limitations), or with the Otomag Osseointegrated Magnetic Implant (patients 5
years of age and up) for the following patients and indications:

* Patients with conductive or mixed hearing losses, who can still benefit from amplification of
sound. The pure tone average (PTA) bone conduction (BC) threshold for the indicated ear
should be better than 45 dB HL (measured at 0.5, 1, 2, and 3 kHz).

* Bilateral fitting is applicable for most patients having a symmetrically conductive or mixed
hearing loss. The difference between the left and right sides' BC thresholds should be
less than 10dB on average measured at 0.5, 1, 2, and 4 kHz, or less than 15 dB at
individual frequencies.

* Patients who have a profound sensori neural hearing loss in one ear and normal hearing in
the opposite ear, who for some reason will not or cannot use an AC CROS. The pure tone
average (PTA) air conduction (AC) threshold of the hearing ear should be better than 20
dB HL (measured at 0.5, 1, 2 and 3 kHz).

Contraindications

Any factor that would cause a clinician to refer the patient for medical assessment will temporarily,
or in some cases permanently, halt the process of hearing aid fitting. These factors include:

* A hearing loss of sudden onset;

* A rapidly progressing hearing loss;

Page 07-3 of 4
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Sophono Inc. -Traditional 510(k) Otomag Bone Conduction Hearing System
Section 07: 510(k) Summary

* Pain in either ear;

* Tinnitus of sudden recent onset, or unilateral tinnitus;

* Unilateral or markedly asymmetrical hearing loss of unknown origin;

* Vertigo (e.g. dizziness)

Performance Standards:

The design of the Otomag Bone Conduction Hearing System conforms to the following voluntary
standards:

* ISO 14971:2007: Medical devices - application of risk management to medical devices;

* FDA Memorandum #G95-1: Use of International Standard ISO 10993, Biological
Evaluation of Medical Devices Part 1: Evaluation and Testing

* ISO 17665-1:2006: Sterilization of Healthcare Products - Moist Heat - Part 1 Requirements
for the Development, Validation, and Routine Control of Sterilization Process for Medical
Devices

* ISO 17664-1:2004: Sterilization of medical devices - Information to be provided by the
manufacturer for the processing of resterilizable medical devices

* ISO 15223-1:2007: Medical devices - Symbols to be used with medical device labels,
labeling and information to be supplied

Non-Clinical Performance Testing:

The Otomag Bone Conduction Hearing System has been subjected to extensive safety,
performance testing, and verification / validation. Testing of the Otomag Bone Conduction Hearing
System included various device performance tests and software validation tests designed to ensure
that the device meet all of its functional specifications and is fit for its intended use. Tests have also
been performed to ensure the device complies with industry and safety standards. The testing
information presented in this submission demonstrates the device's performance is substantially
equivalent to the predicate device.

Conclusion:

Based on the non-clinical performance testing, the Osseointegrated version of the Otomag Bone
Conduction Hearing System is as safe and effective and considered to be substantially equivalent
to the previously 510(k) cleared non-Osseointegrated version of the device (K100193).
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Sophono Inc. - Traditional 510(k) Otomag Bone Conduction Hearing System
Section 08: Declarations of Conformity with Standards

Section 08: Declarations of Conformity and Summary Reports

1. Conformity with Standards
1.1. The Otomag Bone Conduction Hearing System and its development process conforms

with all applicable requirements of the following National and International Standards.

1.1.1. ISO 14971:2007: Medical devices - application of risk management to medical
devices;

1.1.2. FDA Memorandum #G95-1: Use of International Standard ISO 10993, Biological
Evaluation of Medical Devices Part 1: Evaluation and Testing

1.1.3. ISO 17665-1:2006: Sterilization of Healthcare Products - Moist Heat - Part 1
Requirements for the Development, Validation, and Routine Control of
Sterilization Process for Medical Devices

1.1.4. ISO 17664-1:2004: Sterilization of medical devices - Information to be provided
by the manufacturer for the processing of resterilizable medical devices

1.1.5. ISO 15223-1:2007: Medical devices - Symbols to be used with medical device
labels, labeling and information to be supplied

1.2. FDA Form #3654 has been com pleted for each of the standards referenced above.
These forms are included in Appendix A to the overall submission.
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Sophono Inc. - Traditional 510(k) Otomag Bone Conduction Hearing System
Section 09: Truthful and Accuracy Statement

Section 09: Truthful and Accuracy Statement

PREMARKET NOTIFICATION TRUTHFUL AND ACCURATE STATEMENT

[As Required by 21 CFR 807.87(k)]

I certify that, in my capacity as President and CEO of Sophono Inc., I believe to the best of my
knowledge, that all data and information submitted in the premarket notification are truthful and
accurate and that o material fact has been omitted.

/1mes Kasic II
resident and CEO

Date

*Premarket Notification [5 10(k)] Number
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Sophono Inc. - Traditional 510(k) Otomag Bone Conduction Hearing System
Section 10: Class Ill Certification and Summary

Section 10: Class III Summary and Certification
The Otomag Bone Conduction Hearing System is a Class II device. This section is not
applicable.
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Sophono Inc. - Traditional 510(k) Otomag Bone Conduction Hearing System
Section 11: Financial Certification or Disclosure Statement

Section 11: Financial Certification or Disclosure Statement
No information from clinical studies is submitted in this application. Therefore no financial
certification or disclosure statement is required.
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Section 12: Executive Summary

Section 12: Executive Summary

1. INTRODUCTION

1.1. The following section contains the Executive Summary for the Otomag Bone
Conduction Hearing System, including the Osseointegrated Alpha 1(M) version. This
510(k) is being submitted to add the Osseointegrated Alpha 1 (M) configuration to the
existing product family.

2. DEVICE DESCRIPTION

2.1. The Otomag Bone Conduction Hearing System is a family of sound processors and
accessories that operate on the principle of bone conduction of sound vibrations. The
Otomag System consists of two distinct configurations; Alpha 1 (S) and
Osseointegrated Alpha 1 (M).

2.1.1. In the Otomag Alpha 1 (S), the Otomag Sound Processor is attached
magnetically to a headband or softband. The headband or softband holds the
sound processor against the head and vibration is transduced through direct
contact with the patient's skin and the bone below.

2.1.2. In the Otomag Osseointegrated Alpha 1 (M), the Otomag Sound Processor is
attached magnetically to an implanted Osseointegrated magnet assembly. The
magnetic field holds the sound processor against the head and vibration is
transduced through direct contact with the patient's skin and the bone below.
The pressure applied by the magnetic attraction between the implant and the
sound processor is equivalent to that in the Alpha 1 (S) configuration.

2.2. The Otomag System is designed for use for those patients with conductive hearing loss,
those patients who have sensorineural hearing loss up to 45 dB in combination with
their conductive loss, and single sided deafness as defined in the indications for use.
The prescriptive formula and adjustments available to the audiologist in the software
allow for programming the Otomag System for individual patient hearing loss.

3. INDICATIONS FOR USE

3.1. The Indications for Use for the Osseointegrated device are identical to the predicate
cleared in K100193.

3.2. The Otomag Alpha 1 Sound Processor is intended for use with the Otomag Headband
or Otomag Softband (no age limitations), or with the Otomag Osseointegrated
Magnetic Implant (patients 5 years of age and up) for the following patients and
indications:

3.2.1. Patients with conductive or mixed hearing losses, who can still benefit from
amplification of sound. The pure tone average (PTA) bone conduction (BC)
threshold for the indicated ear should be better than 45 dB HL (measured at
0.5, 1, 2, and 3 kHz).

3.2.2. Bilateral fitting is applicable for most patients having a symmetrically
conductive or mixed hearing loss. The difference between the left and right
sides' BC thresholds should be less than 10dB on average measured at 0.5,
1, 2, and 4 kHz, or less than 15 dB at individual frequencies.
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Sophono Inc. -Traditional 510(k) Otomag Bone Conduction Hearing System
Section 12: Executive Summary

3.2.3. Patients who have a profound sensorineural hearing loss in one ear and
normal hearing in the opposite ear, who for some reason will not or cannot
use an AC CROS. The pure tone average (PTA) air conduction (AC)
threshold of the hearing ear should be better than 20 dB HL (measured at
0.5, 1, 2 and 3 kHz).

4. CONTRAINDICATIONS

4.1. Any factor that would cause a clinician to refer the patient for medical assessment will
temporarily, or in some cases permanently, halt the process of hearing aid fitting.
These factors include:

4.1.1. A hearing loss of sudden onset;
4.1.2. A rapidly progressing hearing loss;
4.1.3. Pain in either ear;
4.1.4. Tinnitus of sudden recent onset, or unilateral tinnitus;
4.1.5. Unilateral or markedly asymmetrical hearing loss of unknown origin;
4.1.6. Vertigo (e.g. dizziness)

5. SUBSTANTIAL EQUIVALENCE

5.1. The changes to the device that are the subject of this 510(k) relate to the addition of
another device configuration to the product family. The additional configuration,
called Osseointegrated Alpha 1(M) includes a Magnetic Implant that is placed in bone
beds behind and above the patient's ear to provide for attachment of the sound
processor without the use of the headband or softband. This change impacts detailed
engineering specifications, labeling and patient contact materials, but does not alter
the overall performance of the device. Due to the specificity of the Indications for Use
statement for the prior version of the device, minor wording changes are also
required.

5.2. The following table summarizes and compares data on the Otomag Bone Conduction
Hearing System cleared in K100193 (predicate device) to the Osseointegrated Alpha
1 (M) device that is the subject of this 510(k) submission.
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Section 12: Executive Summary

6. DISCUSSION OF DIFFERENCES

6.1. The differences in specifications identified in the comparison table above between the
predicate Otomag Bone Conduction Hearing device and the Otomag Osseointegrated
device as reflected in the above SE table are the following. A detailed discussion of
each device change is contained in Section 13 - Device Description / Description of
Changes.
6.1.1. Indications for Use:

6.1.1.1. The changes in the Indications For Use statement simply add the
additional Osseointegrated Magnetic Implant version of the
product to the overall statement including an age limitation for
use of the Osseointegrated Magnetic Implant configuration
(Osseointegrated Alpha 1(M)) to patients 5 years of age or older.
These changes do not impart a new intended use for the product
and do not raise new questions of safety and effectiveness.

6.1.2. Patient Contact Materials:
6.1.2.1. The Magnetic Implant (includes attachment screws) constitute

new patient contacting materials. The implant is made of
Titanium Grades 4 and 5. This material is a biocompatible metal
alloy not containing toxic substances. The addition of new
patient contact materials that are biocompatible does not raise
new questions of safety and effectiveness.

6.1.3. Sterilization:
6.1.3.1. The Magnetic Implant is provided clean but not sterile and

intended to be sterilized via gravity or prevacuum steam
sterlization at the healthcare facility immediately prior to
implantation. The Physician's Manual contains appropriate
instructions for sterilization of the implant in accordance with the
requirements of ISO 17664-1:2004: Sterilization of medical
devices - Information to be provided by the manufacturer for the
processing of resterilizable medical devices. In addition, the
specified sterilization cycle is a commonly available cycle and
has been validated in accordance with ISO 17665-1:2006:
Sterilization of Healthcare Products - Moist Heat - Part 1
Requirements for the Development, Validation, and Routine
Control of Sterilization Process for Medical Devices. The
addition of an appropriately specified and validated sterilization
cycle does not raise new questions of safety and effectiveness.

6.1.4. Force Application Method:
6.1.4.1. The new Osseointegrated Alpha 1(M) configuration of the device

utilizes a magnetic field to apply the necessary force to the
patient's mastoid in order to appropriately conduct sound. The
force generated by the magnetic field is adjustable through 4
different strength magnetic spacers provided with the product.
Validation was performed to show that the range of forces that
can be generated using the variety of magnetic spacers meets
specifications derived from national and international standards
and is substantially equivalent to the forces generated by the
softband and headband versions of the device.
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Section 12: Executive Summary

6.1.4.2. The approach of using a magnetic implant to attach the sound
processor has been previously employed by another family of
bone conduction hearing devices. The Xomed Audiant Bone
Conductor cleared in K855059 and K861971 employs this same
technology for the attachment of the sound processor.

7. APPLICATION OF DESIGN CONTROLS

7.1. In accordance with 21 CFR 820.30 all the changes described in this submission were
subject to the Design Control Program and Associated Procedures of both Sophono
and Otomag. The major elements of the Design Control System applied to these
changes included:

7.1.1. Design and Development Planning
7.1.2. Development of Design Outputs
7.1.3. Risk Analysis / Risk Management
7.1.4. Verification and Validation
7.1.5. Design Review
7.1.6. Design Transfer

8. SUMMARY OF PERFORMANCE TESTING

8.1. As a result of the application of risk analysis and the differences identified in the
substantial equivalency comparison table, the following verification and validation
activities were completed to ensure that the differences between the non-
osseointegrated predicate device and the Osseointegrated version of the Otomag
Bone Conduction Hearing System do not raise new questions of safety and
effectiveness.

8.2. Risk Areas identified as a result of risk analysis included:

8.2.1. Material Biocompatibility
8.2.2. Implant Anchoring
8.2.3. Force Application to patient skin / mastoid
8.2.4. Sealing of Magnetic Implant

8.3. The following section outlines the categories of Verification and Validation testing that
were conducted and rationale for those areas where additional testing was
unnecessary as a result of the scope of changes.

8.4. Performance Testing:
8.4.1. Implant Anchoring: Implant Anchoring using titanium bone screws

(Liebinger 4mm facial plating screws) were validated for this use in
validation protocol  contained in Appendix C to this overall
submission.

8.4.2. Force Application: Validation was performed to show that the range of
forces that can be generated using the variety of magnetic spacers meets
specifications derived from national and international standards and is
substantially equivalent to the forces generated by the softband and
headband versions of the device. This validation is documented in
validation protocol  contained in Appendix C to this overall
submission.

8.4.3. Sealing of Magnetic Implant: The two halves of the titanium casing are
welded together, cleaned and 100% leak tested. Each of these processes
has been appropriately validated by the manufacturer (Eberle, EFS GmBH).
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8.4.4. Sound Processor: The sound processor itself was not modified and
therefore additional performance testing of this part of the device was not
necessary

8.4.5. Vibration Transmission: The method, mechanics, and materials used to
transmit vibration from the sound processor to the patient are unchanged in
the Osseointegrated Alpha 1(M) configuration. The metal disc and
magnetic spacers used in the Osseointegrated Alpha 1(M) configuration are
identical in material and vibration application method to the Fotoplast
encased magnets used in Alpha 1(S) configuration of the device (headband
and softband versions). As a result, no additional performance testing
related to these characteristics was required for the Osseointegrated Alpha
1(M) configuration.

8.5. Sterilization Validation including Sterile Packaging:

8.5.1. The sterilization process specified in the Physician's Manual was validated
in accordance with ISO 17665-1:2006: Sterilization of Healthcare Products -
Moist Heat - Part 1 Requirements for the Development, Validation, and
Routine Control of Sterilization Process for Medical Devices. The validation
was performed by Nelson Laboratories and the protocol and final report
documenting this validation is contained in Appendix D to this overall
submission. In addition, the Physician's Manual contains the information
required by ISO 17664-1:2004: Sterilization of medical devices - Information
to be provided by the manufacturer for the processing of resterilizable
medical devices.

8.6. Biocompatibility Testing:

8.6.1. In accordance with the flowchart in FDA General Program Memorandum
#G95-1, Appendix C, the titanium material used in the implant and
associated anchoring screws is not a polymer, is a metal alloy, and does not
contain toxic substances, therefore biocompatibility requirements for the
material are met. The titanium material used in the magnetic implant is well
established as biocompatible.

8.7. Software:

8.7.1. No changes were made to either the embedded software in the sound
processor or the fitting software associated with the device; therefore no
software testing is associated with this modification to the device.

8.8. Electrical Safety Testing:

8.8.1. The changes made to the modified version of the device have no
effect/impact on electrical safety, and therefore no additional electrical
safety testing was required.

8.9. EMC Testing:

8.9.1. The changes made to the modified version of the device have no
effect/impact on EMC performance, and therefore no additional EMC testing
was required.

8.10. Animal / Clinical Testing

8.10.1. Animal and Clinical studies were not deemed necessary to validate the
changes in the Osseointegrated Alpha 1(M) version of the device.
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9. CONCLUSION

9.1. The results of analyses, evaluation, and testing of the Otomag Bone Conduction
Hearing System demonstrate that the Osseointegrated device is substantially
equivalent to the prior cleared version of the device both in Intended Use and
technological characteristics. The changes to the device do not raise new questions
of safety and effectiveness and have been appropriately validated through the
application of Otomag's and Sophono's design control programs.
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Section 13: Device Description / Description of Changes

1. General Introduction
1.1. The following section contains both a detailed description of the device in its various

configurations as well as a detailed description of the planned changes to the device
which are the subject of this 510(k).

1.1.1. The changes described in section 9 below introduce a new configuration into the
Otomag Bone Conduction Hearing System family. The new osseointegrated
configuration (Alpha 1(M)) uses an implantable magnet encased in titanium as a
retention system for the sound processor instead of a headband or softband as
was used in the prior version of the device cleared under K100193.

1.1.2. The addition of the Alpha 1(M) configuration of the product requires no change in
intended use of the device, but does require minor wording changes to the
Indications for Use statement. In addition, this new configuration introduces new
material, performance and design specifications to the product as well as
revisions to product labeling. No changes to software or to the sound processor
are being made as a part of introducing this additional configuration.

1.2. The content of the Device Description sections below (sections 2-8) are intended to fulfill
the device description requirements from 21 CFR 807.87. Section 9 is intended to
describe in detail each planned devi ce change.

2. Device Introduction

2.1. The Otomag Bone Conduction Hearing System is a family of sound processors and
accessories that operate on the principle of bone conduction of sound vibrations. The
Otomag System consists of two distinct configurations; Alpha 1 (S) and the
osseointegrated Alpha 1 (M). This 510(k) is being submitted to add the Alpha 1 (M)
configuration to the existing product family.

2.1.1. In the Otomag Alpha 1 (S), the Otomag Sound Processor is attached
magnetically to a headband or softband. The headband or softband holds the
sound processor against the head and vibration is transduced through direct
contact with the patient's skin and the bone below.

2.1.2. In the Otomag Alpha 1 (M), the Otomag Sound Processor is attached
magnetically to an implanted magnet assembly. The magnetic field holds the
sound processor against the head and vibration is transduced through direct
contact with the patient's skin and the bone below. Vibration is not primarily
transmitted through the magnetic implant.

2.2. The Otomag System is designed for use for those patients with conductive hearing loss,
those patients who have sensorineural hearing loss up to 45 dB in combination with their
conductive loss, and single sided deafness as defined in the indications for use. The
prescriptive formula and adjustments available to the audiologist in the software allow for
programming the Otomag System for individual patient hearing loss.
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3. Indications For Use:

3.1. The Otomag Alpha 1 Sound Processor is intended for use with the Otomag Headband or
Otomag Softband (no age limitaticins), or with the Otomag Osseointegrated Magnetic
Implant (patients 5 years of age and up) for the following patients and indications:

3.1.1. Patients with conductive or mixed hearing losses, who can still benefit from
amplification of sound. The pure tone average (PTA) bone conduction (BC)
threshold for the indicated ear should be better than 45 dB HL (measured at 0.5,
1, 2, and 3 kHz).

3.1.2. Bilateral fitting is applicable for most patients having a symmetrically conductive
or mixed hearing loss. The difference between the left and right sides' BC
thresholds should be less than 1 0dB on aver age measured at 0.5, 1, 2, and 4
kHz, or less than 15 dB at individual frequencies.

3.1.3. Patients who have a profound sensorineural hearing loss in one ear and normal
hearing in the opposite ear, who for some reason will not or cannot use an AC
CROS. The pure tone average (PTA) air conduction (AC) threshold of the
hearing ear should be better than 20 dB HL (measured at 0.5, 1, 2 and 3 kHz).

4. Classifying Regulation and Product Code

4.1. Regulation Number: 21 CFR 874.3300

4.2. Product Code: LXB

5. Detailed Device Description

5.1. Device and Company Nomenclature

5.1.1. The Otomaq Alpha 1 Sound Processor may also be called the Alpha 1 Sound
Processor, the Sound Processor, or Alpha 1. These terms are used
synonymously throughout this document, any accompanying attachments, and
product labeling.

5.1.2. The Otomag Alpha 1(S) Configuration may also be called the Alpha 1(S) or 1(S)
configuration. These terms are used synonymously throughout this docum ent,
any accompanying attachments, and product labeling.

5.1.3. The Otomag Osseointegrated Alpha 1(M) Configuration may also be called the
Alpha 1(M) or 1(M) configuration. These terms are used synonymously
throughout this document, any accompanying attachments, and product labeling.

5.1.4. Sophono, Inc 

5.2. Description of the Alpha 1(S) Configuration

5.2.1. In the Alpha 1(S) configuration, the Sound Processor can be used with a
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headband or softband. Both the headband and softband are equipped with
magnets encapsulated by Fotoplast (plastic) materials.

5.2.2. For this configuration, a metal disc is screwed into the Alpha 1 Sound Processor
(Figure 3). The magnets within on the headband or softband magnetize to the
Alpha 1 Sound Processor metal disc (Figure 1, Boxes B, D, E).

5.2.3. The softband holds the Alpha I to the side of the head by adjusting its elastic
band and securing the fit with a Velcro closure (Figure 1, Boxes A-D). The
headband holds the Alpha 1 to the side of the head by means of a springy metal
bow (Figure 1, Boxes E & F). The figure shows the headband and softband with
and without the Alpha 1 Sound Processor attached via the magnets.

Figure 1: Alpha I(S) Configuration Headband, Softband, and Sound Processor

Metal

Disc

Figure 2: Alpha 1 Sound Processor w/ Metal Disc for Magnetic Attachment to Headband I Softband
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5.3. Description of the Osseointegrated Alpha I (M) Configuration (Addition to Product
Family)

5.3.1. In the Alpha 1(M) configuration, the Alpha 1 Sound Processor is used with an
Otomag Osseointegrated Magnetic Implant (similar to cochlear implant magnets)
and a plastic magnetic spacer. The plastic magnetic spacers are equipped with
magnets encapsulated by Fotoplast (plastic) materials. Figure 3 below shows the
details of the configuration.

Alpha I external
audio processor

Screws

Magnetic Spacer

Magnetic Implant

Figure 3: Alpha 1 (M) Magnetic Implant System

5.3.2. For this configuration, the same metal disc used in the Alpha 1(S) configuration is
used to attach the sound processor to plastic magnetic spacer. The magnets
within the plastic magnetic spacer are then additionally used to secure the
external assembly (sound processor and spacer) to the magnetic implant across
the patient's skin.

5.3.3. To ensure that appropriate pressure is applied between the sound processor and
the patients skin / bone, various strengths of magnetic spacers are available (4
sizes -

5.3.4. The magnetic implant is screwed to the skull with Stryker self-tapping titanium
facial plating screws. The implant consists of two magnets (similar to cochlear
implant magnets) hermetically sealed in a titanium case that are recessed into
bone beds at the surgical impant site. See the Physician's Manual in Section 15
of the overall submission for detailed implantation instructions.

5.4. Description of the Otomag Alpha I Sound Processor

5.4.1. A key component of the Otomag System is the Alpha 1 Sound Processor, which
is similar to a behind the ear air conduction hearing with a traditional bone
conduction vibrator. The Alpha 1 Sound Processor utilizes proprietary software.
The Alpha 1 Sound Processor is available for left or right sides with or without an
external microphone, and with or without an FM jack.

5.4.2. The Alpha 1 Sound Processor consists of an internal electronic transducer, a
battery, volume and programming controls, and an internal or external
microphone (Figure 4) within a plastic housing. The microphone opening is
situated in the bottom of the housing and the vibrator in the upper part of the
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housing. The volume control with integrated switch and the battery compartment
are accessible to the patient on the housing. The programming socket is situated
beneath a cover. The programming socket is used for initial programming of the
hearing device, as well as when adjustments are needed. No part of the sound
processor has prolonged user contact.

Internal
Transducer

Electronics &
Battery

ProrammingButton

Microphone

Volume Control

Figure 4: Alpha I Sound Processor

5.4.3. Sound Processor Circuit Description

5.4.3.1. 

5.4.3.2. As an alternative to sound reception with the microphone, an
electromagnetic signal can also be received by means of an FM link on
those Alpha 1 Sound Processors that have an FM jack. The jack is
compatible with the Phonak MLx FM receiver boot.

5.4.3.3. The housing and transducer are the same as is used in the Starkey
Laboratories Viennatone bone conduction sound processor.

5.4.4. Gravity 2 Software Description

5.4.4.1. The Otomag Gravity 2 Fitting Software is based on the
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5.4.4.2. 

5.4.4.3. The design of the Otomag Alpha 1 Sound Processor requires that it is a
four-channel bone conduction sound processor whose signal
processing is implemented by a digital signal processor (DSP). 
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5.5. Osseointegrated Magnetic Implant

5.5.1. The implant consists of two Samarium Cobalt
 The implant is manufactured

for . Validation documentation associated with
the implant's performance as a retention mechanism for the sound processor can
be seen in Appendix C to the overall submission. Biocompatibility information,
including material specifications for the implant can be found in Appendix B to the

5.5.2. The magnetic implant is placed in 3 mm deep bone beds as shown in Figure 6
and Figure 7. The implant is secured using 4 mm titanium facial plating screws.

Figure 5: Magnetic Implant

Figure 6: Bone Beds

5.5.3. The magnetic implant is supplied to the physician clean but non-sterile, in sealed
packaging to prevent contamination. The device is intended to be steam
sterilized at the healthcare facility prior to implantation. Instructions and
requirements for performing steam sterlization are included in the Physician's
Manual contained in Section 15 to the overall submission.
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Figure 7: Implant Secured Into Bone Beds

5.6. Magnetic Spacer

5.6.1. The spacer consists of a
 100% Fotoplast S 10, 

Both plastic materials are those commonly used for the production of custom ear
molds. Complete material specifications can be found in Appendix B to the
overall submission. Four magnetic strengths of the spacer are available to
accommodate for variations in skin thicknesses and holding requirements to
obtain approximately 2.5 N to 5.4 N of holding force.

Figure 8: Magnetic Spacer

Figure 9: Sound Processor Attached to Magnetic Spacer

6. Patient-Contacting Components and Materials

6.1. The components of the Otomag System that are patient contacting are the Fotoplast
components on the headband I softband, the Fotoplast Magnetic Spacer, and the

Page 13-8 of 15

Page 45 of 192

(b)(4) 
(b)(4) (b)(4) 

(b)(4) 

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Sophono Inc. - Traditional 510(k) for the Otomag Bone Conduction Hearing System
Section 13: Device Description

titanium magnetic implant. All materials used in the Alpha 1 device are materials
commonly used in medical devices in the same applications (external tissue contact,
implant). Biocompatibility information for these materials is contained in Section 17 and
Appendix B of the overall submission. Each Magnetic Implant is cleaned to remove any
manufacturing process contaminants.

6.2. Fotoplast-Lac and Fotoplast S 10

6.2.1. The Fotoplast S 10 is the material that directly encapsulates the magnets in the
softband and headba nd

Fotoplast-Lacquer 3 material is in direct skin contact with healthy skin behind the
ear, at the site of bone conduction. Both materials have been found
biocompatible for their intended use. These materials are commonly used to
fabricate hearing aid earmolds and thus have years of use in the ear canal
without biocompatibility problems.

6.3. Titanium

6.3.1. In accordance with the flowchart in FDA General Program Memorandum #G95-1,
Appendix C, the titanium material used in the implant and associated anchoring
screws is not a polymer, is a metal alloy, and does not contain toxic substances,
therefore biocompatibility requirements for the material are met. The titanium
material used in the magnetic implant is well established as biocompatible and is
used in many medical implant applications.

6.3.2. The bone screws used to anchor the magnetic implant are also titanium. These
screws are manufactured by Stryker Leibinger and are a legally marketed device
which was cleared under K970912 for use as self threading bone screw.

7. Kit Configurations

7.1. The Otomag System will be available in two kit configurations (e.g., Alpha 1 (S) with
appropriate means of attachment, Alpha 1 (M) with appropriate magnetic spacers) or the
components may be ordered separately. Each kit or component will be labeled
appropriately and will include the Patient User Manual and / or the Physician Instructions
for Use as appropriate.

7.2. Each Alpha 1 Sound Processor will be available in right or left sided versions, with either
an internal or external microphone, and with or without an FM jack. Alpha 1 Sound
Processor configurations are show in Table 3.
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Table 3
Sound Processor Configurations
Right sided Internal Microphone With FM Jack

External Microphone
Left sided Internal Microphone

External Microphone
Right sided Internal Microphone Without FM Jack

External Microphone
Left sided Internal Microphone

External Microphone

7.3. An example of a component that is likely to be sold separately is an Alpha 1 (S) Sound
Processor. Because it will not be known if the patient prefers a softband or headband,
the Alpha 1 (S) will likely be shipped separately from the softband or headband.

7.4. Sophono, Inc. will also distribute to qualified hearing healthcare providers the Otomag
Gravity 2 Fitting Software.

8. Specifications and Characteristics

8.1. Device Technical Specifications

8.1.1. Alpha 1 Sound Processor Specifications

8.1.1.1. Acousto - mechanical gain at 60 dB SPL and 1600 Hz: 29 dB

8.1.1.2. Maximum Gain at 60 dB SPL: 38 dB

8.1.1.3. Peak Output at 90 dB SPL: 115 dB

8.1.1.4. Frequency range per ANSI S3.22-2009: 280-5000 Hz

8.1.1.5. Frequency processing range: 125-8000 Hz

8.1.1.6. Total harmonic distortion per ANSI S3.22-2009: <3%

8.1.1.7. Equivalent input noise: 17 dB

8.1.1.8. Battery current drain: 0.95 mA

8.1.1.9. Processor: 16 Band, 4 Channel WD RC

8.1.1.10. Crossover Frequency Options: 0-1.25, 0.25-2.75, 1.75-7.75 kHz

8.1.1.11. Compression Attack Time: 0.25 ms

8.1.1.12. Compression Release Time: 8192 ms

8.1.1.13. Patient Volume Control Wheel: 38 dB range

8.1.1.14. Power Supply: 1.3 V, #675 Zinc Air Battery

8.1.2. Magnetic Spacer Specifications

8.1.2.1. Magnetic Field Force:
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)

8.1.2.2. Spacer Sizes: 

8.1.2.3. Patient Contact Material: Fotoplast .AC

8.1.3. Magnetic Implant Specifications

8.1.3.1. Magnetic Field Force:

8.1.3.2. Implant Retention Force: 

8.1.3.3. Patient Contact Materials: 
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Sophono Inc. - Traditional 510(k) Otomag Bone Conduction Hearing System
Section 14: Substantial Equivalence Discussion

Section 14: Substantial Equivalence Discussion

1. INTRODUCTION

1.1. Section 14 of this Traditional 510(k) identifies the predicate device and provides a
detailed comparison between the modified device that forms the subject of this
Traditional 510(k) and the predicate device in order to demonstrate the substantial
equivalence of the two devices.

2. PREDICATE DEVICE

2.1. The predicate device for the osseointegrated version of the Otomag Bone Conduction
Hearing System is the non-osseointegrated version of this device. The device
changes presented in this 510(k) do not substantially alter the device with regards to
the following:

2.1.1. Intended Use
2.1.2. Fundamental Technological Characteristics

2.1.2.1. Device Performance
2.1.2.2. Operating Principles

2.1.3. Target User and Patient Populations

2.1.4. Use Environment

2.2. The changes to the device that are the subject of this 510(k) relate to the addition of
another device configuration to the product family. The additional configuration,
called Alpha 1(M), includes an osseointegrated Magnetic Implant that is placed in
bone beds behind and above the patient's ear to provide for attachment of the sound
processor without the use of the headband or softband. This change impacts detailed
engineering specifications and patient contact materials, but does not alter the overall
performance of the device. Due to the specificity of the Indications for Use statement
for the prior version of the device, minor wording changes are also required.
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Sophono Inc. - Traditional 510(k) Otomag Bone Conduction Hearing System
Section 14: Substantial Equivalence Discussion

4. DISCUSSION OF DIFFERENCES

4.1. The differences in specifications identified in the comparison table above between the
predicate Otomag Bone Conduction Hearing device and the modified Otomag device
as reflected in the above SE table are the following. A detailed discussion of each
device change is contained in Section 13 - Device Description / Description of
Changes.

4.1.1. Indications for Use:
4.1.1.1. The changes in the Indications For Use statement simply add the

additional Magnetic Implant version of the product to the overall
statement including an age limitation for use of the
Osseointegrated Magnetic Implant configuration (Alpha 1(M)) to
patients 5 years of age or older. These changes do not impart a
new intended use for the product and do not raise new questions
of safety and effectiveness.

4.1.2. Patient Contact Materials:
4.1.2.1. The Magnetic Implant contains new patient contacting materials.

The implant is made of Titanium Grades 4 and 5. In accordance
with the flowchart in FDA General Program Memorandum #G95-
1, Appendix C, the titanium material used in the implant and
associated anchoring screws is not a polymer, is a metal alloy,
and does not contain toxic substances, therefore biocompatibility
requirements for the material are met. The titanium material
used in the magnetic implant is well established as
biocompatible. The addition of new patient contact materials
that are biocompatible does not raise new questions of safety
and effectiveness.

4.1.3. Sterilization:
4.1.3.1. The Magnetic Implant is provided clean but not sterile and

intended to be sterilized via gravity or prevacuum steam
sterilization at the healthcare facility immediately prior to
implantation. The Physician's Manual contains appropriate
instructions for sterilization of the implant in accordance with the
requirements of ISO 17664-1:2004: Sterilization of medical
devices - Information to be provided by the manufacturer for the
processing of resterilizable medical devices. In addition, the
specified sterilization cycle is a commonly available cycle and
has been validated in accordance with ISO 17665-1:2006:
Sterilization of Healthcare Products - Moist Heat - Part 1
Requirements for the Development, Validation, and Routine
Control of Sterilization Process for Medical Devices. The
addition of an appropriately specified and validated sterilization
cycle does not raise new questions of safety and effectiveness.
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Sophono Inc. - Traditional 510(k) Otomag Bone Conduction Hearing System
Section 14: Substantial Equivalence Discussion

4.1.4. Force Application Method:

4.1.4.1. The new osseointegrated Alpha 1(M) configuration of the device
utilizes a magnetic field to apply the necessary force to the
patient's mastoid in order to appropriately conduct sound. The
force generated by the magnetic field is adjustable through 4
different strength magnetic spacers provided with the product.
Validation was performed to show that the range of forces that
can be generated using the variety of magnetic spacers meets
specifications derived from national and international standards
and is substantially equivalent to the forces generated by the
softband and headband versions of the device.

4.1.4.2. The approach of using a magnetic implant to attach the sound
processor has been previously employed by another family of
bone conduction hearing devices. The Xomed Audiant Bone
Conductor cleared in K855059 and K861971 employs this same
technology for the attachment of the sound processor.

5. CONCLUSION

5.1. The Intended Use of the osseointegrated version of the Otomag Bone Conduction
Hearing System remains the same as the predicate device (non-osseointegrated
version). Performance data demonstrate that the modified device meet or exceed the
applicable requirements.

5.2. The osseointegrated version of the Otomag Bone Conduction Hearing System is
substantially equivalent to the predicate Otomag device cleared in K100193 and that
the differences between the two devices:

5.2.1. Do not raise any new issues of safety and effectiveness

5.2.2. Do not amount to a change in the "fundamental scientific technology" of the
device

5.2.3. Do not present any adverse health effect or safety risks to patients when
used as intended.
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Section 15: Labeling

Section 15: Labeling

1. Introduction

1.1. In conjunction with the addition of the osseointegrated Alpha 1(M) configuration of the
Otomag Bone Conduction Hearing System, labeling updates were made. As a part of
these updates the original manuals have been reorganized and reformatted to better
and more clearly present the original information. No substantive changes to the original
labeling pertaining to the Alpha 1(S) configuration have been made. Additional sections
have been added to both the Physician's Manual and the Patient User Manual to
appropriately address the osseointegrated Alpha 1(M) configuration. The changes are
summarized as follows:

1.1.1. Addition of new Warnings and Cautions related to the Alpha 1(M) Configuration

1.1.2. Addition of sterilization instructions and cycle parameters relating to pre-implant
sterilization of the Magnetic Implant

1.1.3. Addition of surgical implantation and explantation instructions and diagrams have
been added addressing the placement and removal of the Magnetic Implant

1.1.4. Addition of instruction for attaching the Sound Processor to the Magnetic Implant

1.2. In addition to the revised Patient User Manual and Physician's Manual, the label for the
Magnetic Implant is included in this section.

1.3. The primary device label has been modified to clearly indication which device
configuration is included in the packaging, Alpha 1(S) or osseointegrated Alpha 1(M)

2. Index of Attachments in this section

2.1. Physician's Manual

2.2. Patient User Manual

2.3. Magnetic Implant Package Label

2.4. Revised Primary Device Labels
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Company Information
Contact information:

Professional Support:
Sophono, Inc.
903 Brooklawn Dr.
Boulder, Colorado 80303
USA
+1 (303) 564-1663

* Federal Law (USA) restricts this device to sale by or on the order of
Only a practitioner licensed by the law of the State in which he/she

practices to use or order the use of the device.

Alpha I (S) & Alpha I (M) Physician Manual - REV 4 -2-
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1 About this Manual
This Physician Manual provides a description of the Alpha I (S) & Osseointegrated
Alpha I (M) Bone Conduction Hearing Systems. This manual includes a description
of the system's features, performance, intended use, and important safety
information. This manual provides the information necessary for the physician to
prescribe the Alpha I (S) & Alpha I (M) Bone Conduction Hearing Systems to the
appropriate patient population. Please read this manual thoroughly before
prescribing the system.
A Patient Instruction Manual is included with each Alpha I (S) & Alpha I (M) Bone
Conduction Hearing System and should be referred to for information regarding:

* Kit Contents
* Instructions for Use
* Patient Warnings and Precautions
* Important Things to Remember
* Maintenance
* Customer Support

Important Symbols
A number of symbols are used throughout this manual in order to draw attention
to safety items and other important information.

The following symbols are used:

Warning
* Symbol indicates a potentially hazardous situation, which if

not avoided could result in death or serious injury to the user.

Caution
Symbol indicates a situation that the user must take into
consideration to ensure the safe and effective operation of the
equipment and associated accessories.

Notes
* Symbol indicates important general information for using the

system successfully.

2 Introduction
Warnings and Cautions Overview
The following section contains a description of all physician related Warnings
and Cautions associated with the Otomag Bone Conduction Hearing Systems.

Alpha I (S) & Alpha I (M) Physician Manual - REV 4 -4 -3
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So9hono
Additional patient and use related Warnings and Cautions can be found in the
Patient User Manual. Knowledge of the following information is essential for
safe operation of the device. Specific Warnings and Cautions pertaining to
physician instructions are included in the body of the manual and are indicated
by the appropriate symbol.

Warnings
* Thoroughly read the Physician Manual and the Patient Manual before

prescribing the Otomag System.
* To avoid potential performance and I or safety issues, adhere

carefully to patient selection criteria
* A blow to the head in the area of the Otomag Alpha 1 Sound

Processor may result in damage to the device or device failure.
* When using the Otomag Alpha 1 (S) Softband, make sure that a

finger can be placed between the skull and Softband to ensure that
the Softband is not too tight.

* Do not perform MRI on a patient wearing an Otomag Alpha 1 Sound
Processor, Magnetic Implant, Headband, or Softband.

* Carefully consider the potential patient's medical history to rule out
allergies and other reactions to device materials prior to prescribing
the Otomag System.

* The Alpha 1 (M) Magnetic Implant is provide non-sterile and must be
sterlized prior to implantation according to the provided instructions.
Failure to sterilize appropriate can result in serious infection.

Alpha I (S) & Alpha I (M) Physician Manual - REV 4 - 5 -
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Precautions
* The Alpha I Sound Processor, Magnetic Implant, Headband, and

Softband are intended for single-patient use only. Do not use any of
these products if they have previously been placed in or with another
patient.

* Keep Otomag System components away from magnetic data storage
media and electronic devices. The Alpha 1 Sound Processor,
Magnetic Implant, Headband, and Softband all contain magnets that

Caution can potentially damage magnetic data storage media and electronic
devices.

* To avoid damage to the device, do not subject the Alpha 1 Sound
Processor to temperatures below -40F (-20 0C) or above 122 0F (+50 0C)
at any time.

* To avoid potential of damage to the device, do not store the Otomag
System near magnets or magnetic devices other than the magnetic
spacer and implant.

* Prior to use, inspect packaging to verify that it is intact and has not
been damaged. If the packaging is damaged, do not use the device
and return it to Sophono, Inc. Please see the address and phone
number for Sophono, Inc. at the end of this Physician Manual.

Product Description
The Otomag Bone Conduction Hearing System is a family of sound processors
and accessories that operate on the principle of bone conduction of sound
vibrations.

The Otomag System is configured in either of two configurations. The first
configuration is the Alpha 1 (S), where the Otomag Sound Processor is
attached magnetically to a Headband or Softband. The second configuration is
Alpha 1 (M), where the Otomag Sound Processor is attached magnetically to an
osseointegrated implanted magnet. The Headband, Softband, or Magnetic
Implant holds the sound processor against the head, and vibration is transduced
through direct contact with the patient's skin and the bone below.

The Otomag System is designed for use for those patients with conductive
hearing loss, those patients who have sensorineural hearing loss up to 45 dB in
combination with their conductive loss, and single sided deafness as defined in
the indications for use. The prescriptive formula and adjustments available to
the audiologist in the software allow for programming the Otomag System for
individual patient hearing loss.

Alpha I (S) & Alpha I (M) Physician Manual - REV 4 -6-
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Indications for Use
The Otomag Alpha 1 Sound Processor is intended for use with the Otomag
Headband or Otomag Softband (no age limitations), or with the Otomag
Osseointegrated Magnetic Implant (patients 5 years of age and up) for the
following patients and indications:

* Patients with conductive or mixed hearing losses, who can still benefit from
amplification of sound. The pure tone average (PTA) bone conduction (BC)
threshold for the indicated ear should be better than 45 dB HL (measured
at 0.5, 1, 2, and 3 kHz).

* Bilateral fitting is applicable for most patients having a symmetrically
conductive or mixed hearing loss. The difference between the left and right
sides' BC thresholds should be less than 10dB on average measured at
0.5, 1, 2, and 4 kHz, or less than 15 dB at individual frequencies.

* Patients who have a profound sensorineural hearing loss in one ear and
normal hearing in the opposite ear, who for some reason will not or cannot
use an AC CROS. The pure tone average (PTA) air conduction (AC)
threshold of the hearing ear should be better than 20 dB HL (measured at
0.5, 1, 2 and 3 kHz).

Contraindications
Contraindications for the Otomag Alpha 1 Sound Processor connected to the
Otomag Headband, Softband, or Magnetic Implant are as follows:
Any factor that would cause a clinician to refer the patient for medical
assessment will temporarily, or in some cases permanently, halt the process of
hearing aid fitting. These factors include:

* A hearing loss of sudden onset;
* A rapidly progressing hearing loss;
* Pain in either ear;
* Tinnitus of sudden recent onset, or unilateral tinnitus;
* Unilateral or markedly asymmetrical hearing loss of unknown origin;
* Vertigo (e.g. dizziness)

Patient Selection Criteria
* Patients to be fitted with the Otomag Alpha 1 (S) Sound Processor and its

Headband or Softband may be any age.
* Patients to be fitted with the Otomag Osseointegrated Alpha 1 (M) Sound

Processor and its Magnetic Implant should be 5 years old or older.
* Patients and/or patient guardians must be able to understand that the

Otomag System will not restore hearing to normal and will not prevent
additional hearing impairment resulting from conditions such as disease, old
age hearing loss, genetic hearing loss, ototoxic drugs or noise induced
hearing loss.

Alpha I (S) & Alpha I (M) Physician Manual - REV 4 -7-
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Possible Adverse Effects
General
It is possible that a reaction to the materials of the Headband, Softband, or
Magnetic Implant could occur. Such a circumstance may necessitate that use
of the device be discontinued. Please report any adverse effects to Sophono,
Inc. The address and phone number for Sophono, Inc. are listed at beginning
and end of this Physician Manual. If a reaction to the Headband or Softband
occurs, Sophono will supply appropriate instructions so that the device can be
sent to the laboratory for analysis.

Risks that may occur during surgery:
The risks involved in surgery and complications related to surgery include the
normal risks of the operative procedure and general anesthesia. These include
pain, blood clots, and/or circulatory problems, infection, cardiac arrest,
postcholesteatoma, and even death. Specific risks related to operating on the
mastoid include infection, inflammation, numbness or stiffness about the ear,
disturbance of taste or balance and noticeable changes in head noise.

WarningI To avoid potential performance and I or safety issues, adhere
carefully to patient selection criteria.
Carefully consider the potential patient's medical history to
rule out allergies and other reactions to device materials prior
to prescribing the Otomag System.

Risks that may occur after surgery:
Potential risks after surgery include inflammation and complications associated
with general anesthesia. Potential risks related to the implant following surgery
include infection, reparative granuloma and inflammatory reaction.

It is possible that a reaction to the implant materials and or failure of the
implanted device can occur and may necessitate an operation to remove and/or
replace the implant.

Warning
* A blow to the head in the area of the Otomag Alpha 1 Sound

Processor may result in damage to the device or device
failure.

* When using the Otomag Alpha 1 (S) Softband, make sure that
a finger can be placed between the skull and Softband to
ensure that the Softband is not too tight.

* Do not perform MRI on a patient wearing an Otomag Alpha 1
Sound Processor, Magnetic Implant, Headband, or Softband.

Alpha I (S) & Alpha I (M) Physician Manual - REV 4 - -37
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Other Symbols on Equipment and Labeling
Symbol Description

Consult Physician Manual

LOT Batch Code or Lot Number

Serial Number

Keep Away From Rain I Keep Dry

Manufacturer

MR Unsafe: Device should not be worn when patient is
undergoing an MRI

Product is Latex Free

Interference may occur in the area of equipment which is
( )labeled with the following symbol.

20F Temperature Limitation: The sound processor is
designed to operate within the temperature ranges of
41oF (+5oC) to 104oF (+40oC). The processor should
not be subject to temperatures below -4oF (-20oC) or

-4oF above 122oF (+5OoC) at any time.
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3 Patient Fitting Procedures
Alpha 1 (S) System: Instructions for Placement of the
Softband or Headband and Alpha 1 Sound Processor

Notes
>\ * Record the product and lot or serial numbers for the Alpha 1

Sound Processor in the patient file and send the patient to a
qualified audiologist for proper programming of the Alpha 1
Sound Processor.

The Otomag Softband is an elastic Softband similar to a sweat band used in
sports. The Alpha 1 (S) Sound Processor magnetically adheres to the Softband
via a magnetic pad sewn into the band. No surgery is required and the Alpha 1
(S) can be used immediately after being programmed by an audiologist.

* To use the Otomag Softband, attach the Alpha 1 (S) Sound Processor to
the magnetic pad on the Softband.

* Test that the Alpha 1 works by putting it on yourself, plugging your ears,
and introducing sound.

* Put the Softband around the patient's head, quite loosely at first by slipping
the end of the band through the slot next to the magnetic pad and attaching
the mating Velcro ® loops and hooks to each other.

* Place the magnetic pad against the mastoid or other boney location.
* Tighten the Softband by adjusting the Velcro@ strap until it is close-fitting

enough to ensure effective sound transmission, but not tight enough to
cause discomfort. The Softband is too loose if it slips off of the head, can
be rotated easily around the head or no sound transmission can be heard.
The Softband is too tight if the patient complains of pain or discomfort while
wearing the Softband. Make sure that a finger can be placed between the
skull and Softband to ensure that the Softband is not too tight.

Warning
When using the Otomag Alpha 1 (S) Softband, make sure that
a finger can be placed between the skull and Softband to
ensure that the Softband is not too tight.

The Otomag Headband is a springy Headband, similar to that used for
earphone devices. It comes in one size and is not adjustable. The Alpha 1 (S)
Sounds Processor magnetically adheres to the Headband via a magnetic pad
fitted to the Headband. No surgery is required and the Alpha 1 (S) can be used
immediately after being programmed by the audiologist.
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* To use the Otomag Headband, attach the Alpha 1 (S) Sound Processor to

the magnetic pad on the Headband.
* Test that the Alpha 1 works by putting it on yourself, plugging your ears,

and introducing sound.
* Put the Headband on the patient's head and place the magnetic pad

against the mastoid or other boney location.

The choice of a Headband or Softband is a matter of patient preference.

Alpha 1 (M) System: Instructions for Sterilization and
Placement of the Magnetic Implant and Alpha 1
Sound Processor
Point of Use Sterilization Instructions:

Warning
The Alpha 1 (M) Magnetic Implant is provide non-sterile and
must be sterlized prior to implantation according to the
provided instructions. Failure to sterilize appropriate can
result in serious infection.

The Alpha 1 (M) magnetic implant is provided clean but NOT sterile. It is not
necessary to clean the implant prior to sterilization. To prepare the implant for
steam sterilization use the following steps:
* Unscrew the cap on the magnetic implant container.
* Without touching the magnetic implant, transfer the implant into the

autoclave pouch. Transfer can be simply accomplished by inverting the
implant container over the open top of the autoclave pouch.

* Immediately seal the autoclave pouch.
* Drying of the device is not required.

Caution
The Alpha 1 Sound Processor, Magnetic Implant, Headband,
and Softband are intended for single-patient use only. Do not

*! use any of these products if they have previously been placed
in or with another patient.

Exact compliance is required with the sterilization equipment manufacturer's
instructions for use, maintenance, and periodic monitoring. The Alpha implant
can be sterilized a single time by prevacuum or gravity steam sterilization
(autoclaving). The following sterilization parameters have been validated for
sterilization of the implant.
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Limitations on Reprocessing: Single Sterilization Only
Presterilization Decontamination / Cleaning I Disinfection: None Required
Cycle Type: Prevacuum or Gravity
Sterilization Time: 15 minutes minimum
Sterilization Cycle Temperature: 132 degrees C / 270 degrees F
Packaging: Cardinal Health Self Sealing Autoclave Pouch (P/N 92510)
Storage in Sterile State: Not Allowed - Sterilization immediately pre-implant
only
Pre-Surgical Training Requirements
Before attempting to implant the Otomag Implant, surgeons are required to
complete training provided by Sophono, Inc. During the training they will
receive guidance regarding the procedure, a thorough understanding of the
device and surgical procedure and other important information. Contact
Sophono Customer Services at the contact number listed in Section 6 of this
manual to arrange training.
Surgical Risks
The implantation of the Otomag Implant requires a surgical procedure involving
the removal of tissue and bone. As with any surgical procedure involving a
general anesthetic, certain risks exist. Those risks include the risk of infection
from poor hygiene or non-sterile technique, irritation of tissues during the
implantation procedure, unintended cuts and abrasions, and irritation of tissues
due to unintended exposure to implant materials. The implant is made of
materials considered to be hypo-allergenic but in the case of unintended
damage to the device, a patient could come in contact with substances that
could generate an adverse reaction.
Surgical Implantation Steps

Step 1 - Making The Incision
The proper position for the implant is 6 cm from the ear canal at a 45-degree
angle posterior and superior to the ear canal. The incision should be made
7.5 to 8 cm from the external ear canal (1.5 to 2 cm from the location of the
implant so the incision is not directly over the implant). After making the
incision, expose the skull where the implant will be placed. The incision
must be large enough to allow placement of the implant. See Figure 1.

Alpha I (S) & Alpha I (M) Physician Manual - REV 4 -12-
Page 72 of 192

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Sothono

Figure 1 : Incision Location

Step 2 - Create a bone bed (optional)
The implant is approximately 2.6 mm thick and optimal tissue thickness over
the implant is 4mm to 5 mm. Bone beds are recommended for the implant if
the tissue thickness over the implant is less than 3 mm.

To create a bone bed, mark the position of the implant magnets on the bone
and drill the bone bed to a depth of approximately 3 mm. The implant
magnets have a diameter of 10 mm.

Figure 2: Bone Beds
Step 3 - Implant Placement
Place the implant with the magnets in the bone beds (if created) or with the
magnets face up such that the bracket legs are flush to the skull. Place one
screw in each of the bracket holes to securely attach the implant to the skull.
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Figure 3: Implant Installation Diagram

Step 4 - Tissue Thinning and Closing the Incision
If the tissue flap is thicker than 6 mm, thin down a 10 mm wide strip of tissue
to 5 mm directly over the implant magnets. Suture the incision closed.

Implant Surgical Removal Steps
Step 1 - Making The Incision
The implant is 6 cm from the ear canal at a 45-degree angle posterior and
superior to the ear canal. The incision should be made 7.5 to 8 cm from the
external ear canal (1.5 to 2 cm from the location of the implant so the
incision is not directly over the implant). After making the incision, expose
the skull where the implant has been placed. The incision must be large
enough to allow removal of the implant. See Figure 1 above.

Step 2 - Implant Removal
Remove each of the 5 screws holding the magnetic implant in place. It may
be necessary to excise bone or tissue growth occurring over the face of the
implant. Once the screws are removed the implant can be lifted carefully
from the bone or bone beds. Suture incision closed.
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Instructions for Placement / Sizing of the Magnetic
Spacers
Magnetic Spacer Selection
As with the Headband and Softband, application of appropriate pressure to the
mastoid by the Sound Processor is essential for proper functioning of the
system. The Alpha 1 (M) configuration is supplied with three strengths of
magnetic spacers to allow the fitting physician to adjust the force applied to the
mastoid. Choose a magnetic spacer to achieve appropriate sound transmission
without being uncomfortable to the patient. The spacers are labeled XX, YY, ZZ
to indicate increasing magnetic strength. The patient should be instructed to
select a lower strength spacer if the pressure on the skin is uncomfortable of if
numbness occurs.
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4 Technical Data
Information about Magnets
Magnets in the Alpha 1 Headband, Softband, and Magnetic Implant create a
permanent magnetic field. A permanent magnetic field is not the same as, and
should not be compared to, an electromagnetic field such as that of a mobile
telephone or a high-voltage transmission line.

None of the magnets associated with the Otomag System will affect cardiac
pacemakers as long as the magnetic parts do not directly contact the
pacemaker.

Caution
* Keep Otomag System components away from magnetic data

storage media and electronic devices. The Alpha 1 Sound
Processor, Magnetic Implant, Headband, and Softband all
contain magnets that can potentially damage magnetic data

* storage media and electronic devices.
* To avoid potential of damage to the device, do not store the

Otomag System near magnets or magnetic devices other than
the magnetic spacer and implant.

Patient-contacting Materials
Implant Material: The implant consists of a Samarium Cobalt sealed in a
biocompatible titanium case. Only the titanium case of the implant is in contact
with patient tissue.

Softband Material: The Softband is constructed of an elastic band and consists
of approximately 85% nylon/1 5% Spandex.

Portion of Headband or Softband that presses against the mastoid:
Fotoplast Lacquer 3 (light-curing one-component lacquer)

NO components or packaging for the Otomag Osseointegrated Bone
Conduction Hearing System contain latex.

Alpha 1 Sound Processor Technical Characteristics
* Magnetically coupled bone conduction sound processor
* Fully programmable digital hearing system
* programs (programmable by audiologist)
* 4 channels
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* 16 frequency bands
* Low battery warning
* Automatic noise reduction
* Automatic feedback cancellation
* Volume control
* Outer material of Alpha 1 (S): plastic with a corrosion resistant steel disk
* Weight: 10 g (with battery
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Alpha 1 Sound Processor Performance Data
(Measured according to DIN IEC 60118-9 Hearing Aids Part 9: Methods of
measurement of characteristics of hearing aids with bone vibrator output)

IOFLN(Outputforcelevel)_at_90_dBSPL_-_TopLine)
OFL (Output force level) at 90 dB SPL - Top Line)

/ OFL (Output force level) at 60 dB SPL - Bottom Line)

*Acousto - mechanical gain at 60 dB3 SPL and 1600 Hz: 29 dB
* Maximum gain at 60 dB SPL: 38 dB3 re 1 pN

" Peak Output at 90 dB3 SPL: 115 dB re 1 pN

* Frequency range per ANSI S3.22-2009: 280-5000 Hz
* Frequency Processing Range: 125-8000 Hz

*Total Harmonic Distortion per ANSI S3.22-2009: <3%
*Equivalent input noise: 17 dB SPIL

* Battery current drain: 0.95 mA
* Processor: 16 band, 4 Channel WDRC
* Crossover Frequency Options: 0-1.25, 0.25-2.75, 1.75-7.75 kHz
* Compression Attack Time: 0.25 ms
* Compression Release Time: 8192 ms

*Patient Volume Control Wheel: 38 dB range
*Power Supply: 1.3V, #675 Zinc Air Battery
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5 Storage and Handling
Storage

Caution
* To avoid damage to the device, do not subject the Alpha 1

Sound Processor to temperatures below -20 C (-4 F) or
above +50 C (122 F) at any time.A * To avoid potential of damage to the device, do not store the
Otomag System near magnets or magnetic devices other
than the magnetic spacer and implant.

Handling

Caution
* Prior to use, inspect packaging to verify that it is intact and

has not been damaged. If the packaging is damaged, do not
,use the device and return it to Sophono, Inc. Please see the

address and phone number for Sophono, Inc. at the end of
this Physician Manual
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6 Professional Support
For more information or to report concerns, contact:

Sophono, Inc.

903 Brooklawn Dr.
Boulder, Colorado 80303
USA
+1 (303) 564-1663
postmaster@sophono.com

Manufactured for: Sophono, Inc. 903 Brooklawn Dr., Boulder, Colorado
80303 USA +1 (303) 564-1663

Printed in U.S.A.
@Copyright Sophono, Inc.
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Patient User Manual

Alpha I (S) & Osseointegrated Alpha I (M)
Bone Conduction Hearing Systems

Alpha I (S) & Alpha I (M) Patent User Manual - REV4 -1 1-

Page 82 of 192

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Sohono

Company Information
Contact information:

Professional Support:
Sophono, Inc.
903 Brooklawn Dr.
Boulder, Colorado 80303
USA
+1 (303) 564-1663

Federal Law (USA) restricts this device to sale by or on the order
I Only of a practitioner licensed by the law of the State in which he/she

practices to use or order the use of the device.
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1 About this Manual
This Patient Manual provides a description of the Alpha I (S) & Osseointegrated
Alpha I (M) Bone Conduction Hearing Systems. This manual includes a description
of the system's features, performance, intended use, and important safety
information. Please read this manual thoroughly before using the system.

This Patient Instruction Manual included with each Alpha I (S) & Osseointegrated
Alpha I (M) Bone Conduction Hearing System should be referred to for information
regarding:

* Kit Contents
* Instructions for Use
* Patient Warnings and Precautions
* Important Things to Remember
* Maintenance
* Customer Support

Important Symbols
A number of symbols are used throughout this manual in order to draw attention
to safety items and other important information.

The following symbols are used:

Warning
* Symbol indicates a potentially hazardous situation, which if

not avoided could result in death or serious injury to the
user.

Caution
* Symbol indicates a situation that the user must take into

consideration to ensure the safe and effective operation of
the equipment and associated accessories.

Notes
Symbol indicates important general information for using the
system successfully.
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2 Introduction
Dear Customer:
Congratulations on the purchase of your new Otomag Bone Conduction Hearing
System!

The Otomag Bone Conduction Hearing System includes a family of Sound
Processors and accessories that operate on the principle of bone conduction of
sound vibrations.

The Otomag Bone Conduction Hearing System is supplied in either of two
configurations. The first configuration is the Alpha 1 (S), in which the Otomag
Sound Processor is attached magnetically to a Headband or Softband. The
second configuration is Alpha 1 (M), in which the Otomag Sound Processor is
attached magnetically to an osseointegrated Magnetic Implant placed behind
the patient's ear. The Headband, Softband, or Magnetic Implant holds the
Sound Processor against the head, and vibration is transduced through direct
contact with the patient's skin and the bone below.

The Otomag System is designed for use for patients with conductive hearing
loss, patients who have sensorineural hearing loss up to 45 dB in combination
with their conductive loss, and patients who suffer from single sided deafness
as defined in the indications for use. The prescriptive formula and adjustments
available to the audiologist in the software package allow for programming the
Otomag System for individual patient hearing loss.

This Patient Manual will help you quickly gain confidence with your new Otomag
Bone Conduction Hearing System. If you have further questions please consult
your hearing healthcare provider.

General Information
A hearing device will not restore normal hearing and will not prevent or improve
a hearing impairment resulting from organic conditions. In most cases
infrequent use of a hearing device does not permit a user to attain full benefit.
The use of a hearing device is only part of hearing habilitation and may need to
be supplemented by auditory training and instruction in lip reading.

Note
a NO components or packaging of the Otomag Bone

Conduction Hearing System contain latex
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Warnings and Cautions Overview
The following section contains a description of all patient related Warnings and
Cautions associated with the Otomag Bone Conduction Hearing System.
Knowledge of the following information is essential for safe operation of the
device. Specific Warnings and Cautions pertaining to patient instructions are
included in the body of the manual and are indicated by the appropriate symbol.

* Thoroughly read Patient Manual before using the Otomag
Bone Conduction Hearing System.

* Rule out allergies and other reactions to device materials prior
to prescribing the Otomag System.

* A blow to the head in the area of the Otomag Alpha 1 Sound
Processor may result in personal injury and damage to the
device or device failure.

Warning * When using the Otomag Alpha 1 (S) Softband, make sure that
a finger can be placed between the skull and Softband to
ensure that the Softband is not too tight.

* Do not obtain an Magnetic Resonance Imaging (MRI)
procedure while wearing an Otomag Alpha 1 Sound
Processor, Magnetic Implant, Headband, or Softband.

* Never store hearing aids and batteries within reach of small
children or animals. The batteries are small, easily swallowed,
and can poison small children and animals.

* Do not dispose of your Sound Processor in an incinerator or
fire. In no case should batteries be thrown into an open fire.

* Do not attempt to recharge batteries.

- Read this Patient User Manual and keep it available so you
can refer to it when needed.

* The Alpha 1 Sound Processor, Magnetic Implant, Headband,
and Softband are intended for single-patient use only. Do not
use any of these products if they have previously been used
with another patient.

* Keep Otomag System components away from magnetic data
Caution storage media and electronic devices. The Alpha 1 Sound

Processor, Magnetic Implant, Headband, and Softband all
contain magnets that can potentially damage magnetic data
storage media and electronic devices.

* To avoid damage to the device, do not subject the Alpha 1
Siound Processor to temperatures below -4 OF (-20 *C) or
above 122 OF (+50 0C) at any time.

* To avoid damage to the device, do not store the Otomag
System near magnets or magnetic devices.

* Remove the Sound Processor, Headband and Softband before
x-rays of the head and neck
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* Remove the Sound Processor, Headband, and Softband
during radiation therapy

* Portable and mobile RF (radio frequency) communications
equipment can affect the performance of the Sound
Processor.

* Interference may occur in the area of equipment which is
labeled with the following symbol:

* Dispose of batteries and electronic items in accordance with
your local regulations.

* When navigating through security in airports remove the
Sound Processor, Headband and Softband and have them
screened through the x-ray screening process. The Sound
Processor, Headband and Softband contain metal that may
activate the airport security metal detectors.

* Do not use the Alpha 1 Sound Processor, Headband or
Softband while participating in contact sports. Hard physical
contact with the device or a blow to the head in the area of

Caution the Alpha 1 Sound Processor, Headband or Softband may
result in damage to the device or device failure.

* Clean the Alpha 1 Processor, Headband, and Softband only
as directed. Other common household cleaning chemicals or
methods, such as washing machines, bleach, ammonia, or
spray cleaners may damage the device.

* To avoid damage to the case or the Sound Processor, do not
use household soaps or rinse / submerge the case under
water and do not wash the case in the dishwasher. Should
the case become wet for any reason, allow the case to air dry
completely before storing the Alpha 1 Processor in the case.

* When removing the Sound Processor do not pull on the
processor itself, this could result in damage to the device.

* The Sound Processor is not water proof and should not be
worn in heavy rain, in the bath or shower, or in other
environments when exposure to heavy moisture is likely.
Exposure to moisture may cause damage to the device.

* Protect your Sound Processor from impact and shock. Avoid
dropping your Sound Processor.

* Do not expose the Sound Processor to strong sunlight.
* Always switch your device off when you remove it. If you do

not use your Sound Processor for a long time, remove the
battery and store the Sound Processor in its case.
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Indications for Use
The Otomag Alpha 1 Sound Processor is intended for use with the Otomag
Headband or Otomag Softband (no age limitations), or with the Otomag
Osseointegrated Magnetic Implant (patients 5 years of age and up) for the
following patients and indications:

* Patients with conductive or mixed hearing losses, who can still benefit from
amplification of sound. The pure tone average (PTA) bone conduction (BC)
threshold for the indicated ear should be better than 45 dB HL (measured
at 0.5, 1, 2, and 3 kHz).

* Bilateral fitting is applicable for most patients having a symmetrically
conductive or mixed hearing loss. The difference between the left and right
sides' BC thresholds should be less than 10dB on average measured at
0.5, 1, 2, and 4 kHz, or less than 15 dB at individual frequencies.

* Patients who have a profound sensorineural hearing loss in one ear and
normal hearing in the opposite ear, who for some reason will not or cannot
use an AC CROS. The pure tone average (PTA) air conduction (AC)
threshold of the hearing ear should be better than 20 dB HL (measured at
0.5, 1, 2 and 3 kHz).

Contraindications
Contraindications for the Otomag Alpha 1 Sound Processor connected to the
Otomag Headband, Softband, or Magnetic Implant are as follows:
Any factor that would cause a clinician to refer the patient for medical
assessment will temporarily, or in some cases permanently, halt the process of
hearing aid fitting. These factors include:

* A hearing loss of sudden onset;
* A rapidly progressing hearing loss;
* Pain in either ear;
* Tinnitus of sudden recent onset, or unilateral tinnitus;
* Unilateral or markedly asymmetrical hearing loss of unknown origin;
* Vertigo (e.g. dizziness)
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3 Operating Instructions
Insertion of the battery
Size 675 batteries are required for your Alpha I Sound Processor.

See Figure 1 for details. Open the battery compartment (1) with a fingernail and
insert the battery (2) so that the plus (+) sign on the battery and the plus (+) sign
on the battery compartment are on the same side. Close the battery
compartment with a finger. The Sound Processor is now switched on.

Caution
Dispose of batteries and electronic items in accordance with
your local regulations.

Switch off your Sound Processor whenever you're not using it by pivoting the
battery compartment fully out. This will help preserve battery life. The Alpha 1
has a low battery indicator that generates a tone when it is time to replace the
battery. Your hearing healthcare provider can adjust the volume and tone of the
low battery indicator for you.

1

Figure 1. Alpha I Sound Processor

Warning
* Never store hearing aids and batteries within reach of small

children or animals. The batteries are small, easily
swallowed, and can poison small children and animals

* * Do not attempt to recharge batteries.
* Do not dispose of your Sound Processor in an incinerator or

fire. In no case should batteries be thrown into an open fire
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Start-up and Operation
Switch on the Alpha 1 Sound Processor by pivoting the battery compartment
fully in.

Positioning the Sound Processor
Alpha 1 (S)

To place the Alpha 1 (S) Sound Processor, simply guide it into the vicinity of the
magnetic pad in the Softband or Headband. The magnetic forces will bring it to
its correct position. See Figure 2.

Figure 2. Positioning the Alpha I (S) Sound Processor on the Softband

Warning
When using the Otomag Alpha 1 (S) Softband, make sure
that a finger can be placed between the skull and Softband
to ensure that the Softband is not too tight.

Alpha I (M)

To place the Alpha 1 (M) Sound Processor, simply guide it into the vicinity of the
Magnetic Implant. The magnetic forces will bring it to its correct position. See
Figure 3.

Figure 3. Positioning the Alpha I (M) Sound Processor on the osseointegrated
Magnetic Implant
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Caution
The Alpha 1 Sound Processor, Magnetic Implant,
Headband, and Softband are intended for single-patient use

*! only. Do not use any of these products if they have
previously been used with another patient.

Volume Control
The volume can be adjusted with the small wheel that is situated on the outside
of the Alpha 1 Sound Processor. Using the tip of the index finger, apply slight
pressure on the rotary button and simultaneously turn forward to increase
volume. Turn the rotary button in the opposite direction to reduce volume.

You can switch off the Sound Processor by opening the battery access door. As
soon as you take off the device, switch it off. See Figure 4 for details.

Battery

Program Access Door
Selection
Button

Extemnal

Volume ControlMcohn

Figure 4. Alpha I Sound Processor

Program Selection Button
The Alpha 1 Sound Processors offer four program settings for different hearing
situations. By pressing the small button on the Sound Processor, the programs
can be activated. For each activated program you will hear a corresponding
signal tone for recognition.

* Program 1: Instrument beeps once
* Program 2: Instrument beeps twice
* Program 3: Instrument beeps three times
* Program 4: Instrument beeps four times

Your hearing healthcare provider will inform you when each of the programs
should be used

Alpha I (S) & Alpha 1 (M) Patent User Manual - REV 4 -11-
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Removing the Sound Processor
To remove the Alpha 1 Sound Processor, pull ONLY on the steel disk. See
Figure 5. Alpha 1 Sound Processor w/ Metal Disc for Magnetic Attachment

Metal
Disc

Figure 5. Alpha I Sound Processor wI Metal Disc for Magnetic Attachment

Note
* If you remove the Sound Processor without switching it off, it

0 Notegenerates a vibrating tone which leads to high battery
consumption. Therefore, always properly switch off the
Sound Processor when you are not wearing it.

Caution
* When removing the Sound Processor do not pull on the

*! processor itself, this could result in damage to the device.

If Your Sound Processor Does Not Function
Check the following if the Sound Processor is not functioning properly:

* The device is properly switched on and the battery compartment is fully
closed

* The battery is not dead
* The battery surface is clean.

If the device still is not functioning properly, see your hearing healthcare
provider.
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4 Product Maintenance
Cleaning and Care
Sound Processor

* Have your Sound Processor checked at regular intervals as specified by
your hearing professional.

* To dean your Sound Processor, wipe it with a soft cloth or a Clorox@
type disinfecting wipe

* The battery compartment may be cleaned by wiping it out with a DRY
cotton swab or a cotton swab that has been moistened by a Clorox@ type
disinfecting wipe.

Note
* Remove the Sound Processor, Softband, and Headband

during the application of hairspray or styling gels. If
hairspray or gel comes in contact with the Sound Processor it
may become sticky and difficult to clean

* If the Sound Processor becomes soaked with water:

0 Immediately open the battery door and remove the battery
o Put the Sound Processor in a container with drying capsules such as

Dri-aid kit or similar overnight. Drying kits are available from most
hearing care professionals.

Caution
* The Sound Processor is not water proof and should not be

wom in heavy rain, in the bath or shower, or in other
environments when exposure to heavy moisture is likely.
Exposure to moisture may cause damage to the device.

* To avoid damage to the case or the Sound Processor, do
not use household soaps or rinse / submerge the case under
water and do not wash the case in the dishwasher. Should
the case become wet for any reason, allow the case to air
dry completely before storing the Alpha 1 Processor in the
case

* The Sound Processor is provided in a plastic case which may be used to
store the processor. This case may be cleaned with a Clorox@ type
disinfecting wipe. Make sure the case is completely dry before storing
the Sound Processor in it.
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Caution
* The Sound Processor is designed to operate within the

temperature ranges of 41'F (+50C) to 1040F (+400C). The
processor should not be subject to temperatures below -40F
(-200C) or above 122 0F (+50 0C) at any time.

- Protect your Sound Processor from impact and shock.z* Avoid dropping your Sound Processor
* Do not expose the Sound Processor to strong sunlight
* Always switch your device off when you remove it. If you do

not use your Sound Processor for a long time, remove the
battery and store the Sound Processor in its case

Softband and Headband

* The Headband can be cleaned with a Clorox@ type disinfecting wipe.

* The Softband may be submerged and hand washed with a mild clothes
washing detergent (with or without a small amount of color safe bleach)
and air dried or may be cleaned with a Clorox@ type disinfecting wipe.

Magnetic Spacer

* The Magnetic Spacer can be cleaned with a Clorox@ type disinfecting
wipe.

Caution
* Clean the Alpha 1 Processor, Magnetic Spacer, Headband,

and Softband only as directed. Other common household
cleaning chemicals or methods, such as washing machines,
bleach, ammonia, or spray cleaners may damage the
device.

* To avoid damage to the case or the Sound Processor, do
not use household soaps or rinse I submerge the case
under water and do not wash the case in the dishwasher.
Should the case become wet for any reason, allow the case
to air dry completely before storing the Alpha 1 Processor in
the case.
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Damage and Replacement
The expected live span for the Sound Processor, Magnetic Spacer, Softband,
and Headband is approximately 4 years depending on use, wear, and tear. The
Sound Processor will need to be repaired or replaced when it no longer
produces adequate vibrations or the sounds become highly distorted. The
Softband should be replaced when it becomes damaged or the elastic begins to
be stretched out and it can no longer be tightened adequately for sound
transmission. The Headband should be replaced when it becomes damaged or
no longer has enough spring force to press the magnetic pad against the head
for adequate sound transmission. Replacement Headbands and Softbands may
be purchased through your hearing healthcare provider from Sophono, Inc.

5 Accessories
If your Alpha 1 Sound Processor has a jack for an FM boot, you may plug the boot
of a Phonak MLxi FM receiver into the bottom of the Sound Processor.

If you are concerned about the Alpha 1 Sound Processor falling off your head, a
clip and tether are available so that the Sound Processor can be tethered to a
garment you're wearing.
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6 Technical Data
Information about Magnets
Magnets in the Alpha 1 Headband, Softband, and Magnetic Implant create a
permanent magnetic field. A permanent magnetic field is not the same as, and
should not be compared to, an electromagnetic field such as that of a mobile
telephone or a high-voltage transmission line.

None of the magnets associated with the Otomag System will affect cardiac
pacemakers as long as the magnetic parts do not directly contact the
pacemaker.

Caution
* Keep Otomag System components away from magnetic

data storage media and electronic devices. The Alpha 1
Sound Processor, Magnetic Implant, Headband, and
Softband all contain magnets that can potentially damage

* magnetic data storage media and electronic devices.
* To avoid potential of damage to the device, do not store the

Otomag System near magnets or magnetic devices other
than the magnetic spacer and implant.

Patient-contacting Materials
Implant Material: The implant consists of a Samarium Cobalt sealed in a
Titanium case.

Softband Material: The Softband is constructed of an elastic band and consists
of approximately 85% nylon/1 5% Spandex.

Portion of Headband or Softband that presses against the mastoid:
Fotoplast Lacquer 3 (light-curing one-component lacquer)

NO components or packaging for the Otomag Bone Conduction Hearing
System contain latex.

Alpha 1 Sound Processor Technical Characteristics
* Magnetically coupled bone conduction Sound Processor
* Fully programmable digital hearing system
* Programs (programmable by audiologist)
* 4 channels
* 16 frequency bands
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Sotohono
* Low battery warning
* Automatic noise reduction
* Automatic feedback cancellation
* Volume control
* Outer material of Alpha 1 (S): plastic with a corrosion resistant steel disk
* Weight: 10 g (with battery)

Alpha 1 Sound Processor Performance Data
(Measured according to DIN IEC 60118-9 Hearing Aids Part 9: Methods of
measurement of characteristics of hearing aids with bone vibrator output)

Output force level (OFL) at 90 dB SPL - Top Line

Output force level (OFL) at 60 dB SPL - Bottom Line

*Acousto - mechanical gain at 60 dB SPL and 1600 Hz: 29 dB
*Maximum gain at 60 dB SPL: 38 dB re 1 pN

pPeak Output at 90 dB SPL: 115 dB re 1 pN

*Frequency range per ANSI S3.22-2009: 280-5000 Hz
* Frequency Processing Range: 125-8000 Hz
* Total Harmonic Distortion per ANSI S3.22-2009: <3%
* Equivalent input noise: 17 dB SPL
* Battery current drain: 0.95 mA
* Processor: 16 band, 4 Channel WDRC
* Crossover Frequency Options: 0-1.25, 0.25-2.75, 1.75-7.75 kHz
* Compression Attack Time: 0.25 ms
* Compression Release Time: 8192 ms
* Patient Volume Control Wheel: 38 dB range
* Power Supply: 1.3V, #675 Zinc Air Battery
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7 Professional Support

For more information or to report concerns contact:

Sophono, Inc.

903 Brooklawn Dr.
Boulder, Colorado 80303
USA
+1 (303) 564-1663
postmaster@sophono.com

Manufactured for: Sophono, Inc. 903 Brooklawn Dr., Boulder, Colorado 80303 USA
+1 (303) 564-1663
Printed in U.S.A.
@Copyright Sophono, Inc.
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Magnetic Implant Package Label

Page 100 of 192

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



x

N. x 
0 z

z Z

(L
2

2C, X E
0)Ab w (3) xt, Z.- w

z z X.

0 x
39 N 9 cry Cil 10 I! Cil I o

x

F-
z Z

:5 :5a. (L x
0 00

P:w Tt-u 0, Z, 0)
z 0 wo l z 0 w

0. F- 0 x

x
M z
Q.z z

o x
CC 

6

x E2o 0 x (D. 6 m
LU 0 LU x

z x z 0 x WED',

F- xF 
*

x
X x

FZ z

404 ii
Xx XX

p m x
F- F- xC wall xx zwa

>' 0 g ..

0r T 0 x
1 970

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Revised Primary Device Labels
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Sophono Inc. - Traditional 510(k) Otomag Bone Conduction Hearing System
Section 16: Sterilization and Shelf Life

Section 16: Sterilization and Shelf Life

1. Sterilization

1.1. The Osseointegrated Magnetic Implant is provided clean but not sterile and is intended
to be sterilized via gravity or prevacuum steam sterilization at the healthcare facility
immediately prior to implantation. The Physician's Manual contains appropriate
instructions for sterilization of the implant in accordance with the requirements of ISO
17664-1:2004: Sterilization of medical devices - Information to be provided by the
manufacturer for the processing of resterilizable medical devices. In addition, the
specified sterilization cycle is a commonly available cycle and has been validated in
accordance with ISO 17665-1:2006: Sterilization of Healthcare Products - Moist Heat -
Part 1 Requirements for the Development, Validation, and Routine Control of
Sterilization Process for Medical Devices.

1.2. Attachment 1 to Section 15 - Labeling contains a copy of the revised Physician's Manual
which contains details regarding pre-implant sterilization. Refer to pages 11 and 12 of
this manual for details.

1.3. Appendix D to the overall submission contains validation protocols and reports for the
specified sterilization cycle.

2. Shelf-Life
2.1. Not Applicable. The Osseointegrated Magnetic Implant is not supplied sterile and the

materials of the implant case (titanium grades 4 and 5) are not expected to suffer
performance degradation over the life of the overall product.
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Sophono Inc. -Traditional 510(k) Otomag Bone Conduction Hearing System
Section 17: Biocompatibility

Section 17: Biocompatibility

1. Introduction
1.1. The only new patient contacting materials present in the Osseointegrated Alpha 1(M)

addition to the Otomag Bone Conduction Hearing System are related to the Magnetic
Implant and its retention hardware (bone screws).

1.1.1. In accordance with the flowchart shown in Figure 1 below from Attachment C of
FDA General Program Memorandum #G95-1 the titanium material used in the
implant could follow two available paths through the flow chart. See the
highlighted routes through Figure 1.

1.1.1.1. Route 1: The magnetic implant is manufactured
 using the same materials, manufac

sterilization methods, and body contact types as legally marketed
devices both in the US and in Europe. This exact implant is currently
being marketed with a CE mark in the EU by Otomag. This path
through the flow chart indicates that biocompatibility requirements have
been met for the material of the implant case.

1.1.1.2. Route 2: A second available route through the flow chart conservatively
assumes that the implant is not exactly the same as a legally marketed
device and follows the path that asks if the material "is a polymer (no),
"is the material a metal, metal allow, or ceramic" (yes), "does it contain
toxic substances" (no). This path through the flow chart also indicates
that biocompatibility requirements have been met for the material of the
implant case. The materials specifications for the titanium materials
used in the case are contained in Appendix B to the overall submission.

1.1.2. The titanium material used in the magnetic implant is well established as
biocompatible and is used in implantable medical devices in similar applications
such as cochlear implants and extensively as a material for orthopedic implants.

1.1.3. The bone screws used to anchor the magnetic implant are also titanium. These
screws are manufactured by Stryker Leibinger and are a legally marketed device
which was cleared under K970912 for use as self threading bone screw.

Page 17-1 of 2
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Sophono Inc. - Traditional 510(k) Otomag Bone Conduction Hearing System
Section 17: Biocompatibility

General Program Memorandum -#G95--
Attachment C

Bincompatibility How Chart for the Selection of Toxicity Tests for 510(lkis
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Sophono Inc. -Traditional 510(k) Otomag Bone Conduction Hearing System
Section 18: Software

Section 18: Software
None of the device changes that are the subject of this 510(k) involved changes to the device
software and therefore no additional software testing or software documentation is provided in
this submission. All software documents provided in the original 510(k) submission (K100193)
continue to be applicable to the modified version of this device.
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Sophono Inc. -Traditional 510(k) Otomag Bone Conduction Hearing System
Section 19: Electromagnetic Compatibility and Electrical Safety

Section 19: Electromagnetic Compatibility and Electrical Safety

The changes made to the Otomag Bone Conduction Hearing System did not involve
the electronics or software of the device and therefore there was no need to repeat
previously completed EMC and Electrical Safety testing.
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Sophono Inc. - Traditional 510(k) Otomag Bone Conduction Hearing System
Section 20: Performance Testing - Bench

Section 20: Performance Testing - Bench

1. Introduction

1.1. As a result of the application of risk analysis and the differences identified in the
substantial equivalency comparison table, the following verification and validation
activities were completed to ensure that the differences between the non-
osseointegrated predicate device and the osseointegrated version of the Otomag Bone
Conduction Hearing System do not raise new questions of safety and effectiveness.

1.2. Risk Areas identified as a result of risk analysis included:
1.2.1. Material Biocompatibility
1.2.2. Implant Anchoring
1.2.3. Force Application to patient skin / mastoid

1.3. The following section outlines the categories of Verification and Validation testing that
were conducted and rationale for those areas where additional testing was unnecessary
as a result of the scope of changes.

1.4. Performance Testing:
1.4.1. Implant Anchoring: Implant Anchoring using titanium bone screws

(Liebinger 4mm facial plating screws) were validated for this use in validation
protocol  to this overall submission.

1.4.2. Force Application: Validation was performed to show that the range of
forces that can be generated using the variety of magnetic spacers meets
specifications derived from national and international standards and is
substantially equivalent to the forces generated by the softband and
headband versions of the device. This validation is documented in validation
protocol  to this overall submission.

1.5. Material Biocompatibility:

1.5.1. Refer to Section 17 and Appendix B of the overall submission for information on
Biocompatibility.

1.6. Sterilization Validation including Sterile Packaging:

1.6.1. Refer to Section 16 and Appendix D of the overall submission for information on
Sterilization Validation.
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Sophono Inc. - Traditional 510(k) Otomag Bone Conduction Hearing System
Section 21: Performance Testing - Animal

Section 21: Performance Testing - Animal
Not Applicable: Animal test data is not included as a part of this submission
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Sophono Inc. -Traditional 510(k) Otomag Bone Conduction Hearing System
Section 22: Performance Testing - Clinical

Section 22: Performance Testing - Clinical
Not Applicable: Clinical data is not included as a part of this submission
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Appendix A

ISO 14971:2007: Medical devices - application of risk management to
medical devices;

FDA Memorandum #G95-1: Use of International Standard ISO 10993,
Biological Evaluation of Medical Devices Part 1: Evaluation and

Testing

ISO 17665-1:2006: Sterilization of Healthcare Products - Moist Heat -
Part 1 Requirements for the Development, Validation, and Routine

Control of Sterilization Process for Medical Devices

ISO 17664-1:2004: Sterilization of medical devices - Information to be
provided by the manufacturer for the processing of resterilizable

medical devices

ISO 15223-1:2007: Medical devices - Symbols to be used with medical
device labels, labeling and information to be supplied
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ISO 14971:2007: Medical devices - application of
risk management to medical devices
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Form Approved: OMB No. 0910-0120; Expiration Date: 8/31/110

Department of Health and Human Services
Food and Drug Administration

STANDARDS DATA REPORT FOR 510(k)s
(To be filled in by applicant)

This report and the Summary Report Table are to be completed by the applicant when submitting a 510(k) that refer-
ences a national or international standard. A separate report is required for each standard referenced in the 510(k).

TYPE OF 510(K) SUBMISSION

0 Traditional special Abbreviated

STANDARD TITLE '

ISO 14971 Application of risk management to medical devices - 2007

Please answer the following questions Yes No

Is this standard recognized by FDA 2?........... ............... 0 L

FDA Recognition number 3 ... # . ... 5-40

Was a third party laboratory responsible for testing conformity of the device to this standard identified
in the 510(k)? ... O 0
Is a summary report' describing the extent of conformance of the standard used included in the
510(k)? .... 0
If no, complete a summary report table.

Does the test data for this device demonstrate conformity to the requirements of this standard as it
pertains to this device? ...................................... ................ El
Does this standard include acceptance criteria? ........ . .. . . . . . . . . . . . . . . . . . . .  .. . . . . . . . . . ..  O 0
If no, include the results of testing in the 510(k).

Does this standard include more than one option or selection of tests? ................ ............ l 2
If yes, report options selected in the summary report table.

Were there any deviations or adaptations made in the use of the standard? ..................... E................. O 0
If yes, were deviations In accordance with the FDA supplemental information sheet (SIS) 5 ........ El E
Were deviations or adaptations made beyond what is specified in the FDA SIS? ................................ O 0
If yes, report these deviations or adaptations in the summary report table.

Were there any exclusions from the standard? ...................................... O
If yes, report these exclusions in the summary report table.

Is there an FDA guidance that is associated with this standard? ... ................ .E.l............. E 0
If yes, was the guidance document followed in preparation of this 510k? .................. . ............. O E
Title of guidance:

The formatting convention for the title is: [SDO] [numeric identifier) certification body involved in conformance assessment to this
[title of standard] [date of publication] standard. The summary report includes information on all standards
Authority [21 U.S.C. 360d], www.fda.govidr/stdsprog.htmi utilized during the development of the device.

3 http://ww.accessdata.tda.gov/scripts/cdrh/cfdocs/ctStandards/ 5The supplemental information sheet (SIS) is additional information
search.cfm which is necessary before FDA recognizes the standard. Found at
The summary report should include: any adaptations used to adapt hftp://w.accesdata.tda.gv/scrpts/cdrh/cfdos/ctStandards

to the device under review (for example, alternative test methods); search.cfm

choices made when options or a selection of methods are described; 6 The online search for CDRH Guidance Documents can be found at
deviations from the standard: requirements not applicable to the ww.fda.gov/cdrh/guidance.htmi
device; and the name and address of the test laboratory or
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XTENT OF STANDARD CONFORMANCE
...... ..... ...... .. SUMR REPOR TA .. k.SU MMARY IREPOIRT TABLE

STANDARD TITLE
ISO 14971 Application of risk management to medical devices

CONFORMANCE WITH STANDARD SECTIONS*

SECTION NUMBER SECTION TITLE CONFORMANCE?

All All V7 Yes fl No ] N/A
TYPE OF DEVIATION OR OPTION SELECTED*

N/A

DESCRIPTION

N/A

JUSTIFICATION

N/A

SECTION NUMBER SECTION TITLE CONFORMANCE?

Yes ON No ONIA
TYPE OF DEVIATION OR OPTION SELECTED 4

DESCRIPTION

JUSTIFICATION

SECTION NUMBER SECTION TITLE CONFORMANCE?

Yes n No N/A

TYPE OF DEVIATION OR OPTION SELECTED*

DESCRIPTION

JUSTIFICATION

* For completeness list all sections of the standard and indicate whether conformance is met. If a section is not applicable (N/A)
an explanation is needed under "justification:' Some standards include options, so similar to deviations, the option chosen needs
to be described and adequately justified as appropriate for the subject device. Explanation of all deviations or description of
options selected when following a standard is required under"type of deviation or option selected," "description" and "justifica-
tion" on the report. More than one page may be necessary.

Types of deviations can include an exclusion of a section in the standard, a deviation brought out by the FDA supplemental
information sheet (SIS), a deviation to adapt the standard to the device, or any adaptation of a section.

Paperwork Reduction Act Statement

Public reporting burden for this collection of information is estimated to average I hour per response, including the
time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and
completing and reviewing the collection of information. Send comments regarding this burden estimate or any other
aspect of this collection of information, including suggestions for reducing this burden, to:

Center for Devices and Radiological Health
1350 Piccard Drive
Rockville, MD 20850

An agency may not conduct or sponsor and a person iv not required to respond to, a collection of information
unless it displays a currenitly valid 0MB control number.
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Form Approved: OMB No. 0910-0120; Expiration Date: 8/31/10

Department of Health and Human Services
Food and Drug Administration

STANDARDS DATA REPORT FOR 510(k)s
(To be filled in by applicant)

This report and the Summary Report Table are to be completed by the applicant when submitting a 510(k) that refer-
ences a national or international standard. A separate report is required for each standard referenced in the 510(k).

TYPE OF 510(K) SUBMISSION

Z Traditional Special 0 Abbreviated

STANDARD TITLE'

FDA G95-1 Use of International Standard ISO 10993, Biological Evaluation of Medical Devices Part 1: Evaluation and Testing

Please answer the following questions Yes No

Is this standard recognized by FDA 2 .................................................. E

FDA Recognition number . . . . . . ... .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2-98

Was a third party laboratory responsible for testing conformity of the device to this standard identified
in the 510(k)? ... ................................... .......................

Is a summary report4 describing the extent of conformance of the standard used included in the
510(k)? .......................................................................................
If no, complete a summary report table.

Does the test data for this device demonstrate conformity to the requirements of this standard as it
pertains to this device? ......................................... .......... O

Does this standard include acceptance criteria? ....... .... . .. . . . . . . .. . . . . . . ... .. ... . ... ... .  L E
If no, include the results of testing in the 510(k).

Does this standard include more than one option or selection of tests? ..................... V.................. L O
If yes, report options selected in the summary report table.

Were there any deviations or adaptations made in the use of the standard?................... . .. .. .. ... .. . ... .. .. O 0
If yes, were deviations in accordance with the FDA supplemental information sheet (SIS) ?.............. O O

Were deviations or adaptations made beyond what is specified in the FDA SIS?................ O 0
If yes, report these deviations or adaptations in the summary report table.

W ere there any exclusions from the standard? ..................................................................................... O V
If yes, report these exclusions in the summary report table.

Is there an FDA guidance that is associated with this standard? . ...................... ................... El
If yes, was the guidance document followed in preparation of this 510k?......................V l
Title of guidance: Use of International Standard ISO-10993, 'Biological Evaluation of Medical Devices Part I

The formatting convention for the title is: [SDO] [numeric Identifier) certification body Involved in conformance assessment to this
(title of standard] [date of publication] standard. The summary report includes information on all standards

2 Authority (21 U.S.C. 360d], wwwfda.gov/cdrh/stdsprog.htmi utilized during the development of the device.

Shttp.//ww.accessdata.fda.gov/scripts/cdrh/cfdocs/cfStandards/ 'The supplemental information sheet (SIS) is additional information
search.cfm which is necessary before FDA recognizes the standard. Found at

' The summary report should include: any adaptatlons used to adapt http://www.accessdata.fda.gov/scripts/cdrhlCfdocs/cfStandards/
to the device under review (for example, alternative test methods); search.cfm
choices made when options or a selection of methods are described; The online search for CDRH Guidance Documents can be found at
deviations from te standard; requirements not applicable to the www.fda.govicdrt/guidance.htmI
device: and the name and address of the test laboratory or
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EXTENT OF STANDARD CONFORMANCE
SUMMARY REPORT TABLE

STANDARD TITLE
Use of International Standard ISO-10993,'Biological Evaluation of Medical Devices Part 1: Evaluation and Testing

CONFORMANCE WITH STANDARD SECTIONS*

SECTION NUMBER SECTION TITLE CONFORMANCE?

All All 1 Yes O No DNIA

TYPE OF DEVIATION OR OPTION SELECTED*

Attachment C- Biocompatibility Flow Chart for Selection of Toxicity Tests for 5 10(k) used to select appropriate testing options

DESCRIPTION
Attachment C is used to determine which testing options/requirements are appropriate

JUSTIFICATION
See above

SECTION NUMBER SECTION TITLE CONFORMANCE?

O Yes [ No O N/A
TYPE OF DEVIATION OR OPTION SELECTED*

DESCRIPTION

JUSTIFICATION

SECTION NUMBER SECTION TITLE CONFORMANCE?

CY es  DNo EN/A
TYPE OF DEVIATION OR OPTION SELECTED

DESCRIPTION

JUSTIFICATION

For completeness list all sections of the standard and indicate whether conformance is met. If a section is not applicable (N/A)
an explanation is needed under "justification." Some standards include options, so similar to deviations, the option chosen needs
to be described and adequately justified as appropriate for the subject device. Explanation of all deviations or description of
options selected when following a standard is required under "type of deviation or option selected," "description" and justifica-
tion" on the report. More than one page may be necessary.
Types of deviations can include an exclusion of a section in the standard, a deviation brought out by the FDA supplemental
information sheet (SIS), a deviation to adapt the standard to the device, or any adaptation of a section.

Paperwork Reduction Act Statement

Public reporting burden for this collection of information is estimated to average I hour per response, including the
time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and
completing and reviewing the collection of information. Send comments regarding this burden estimate or any other
aspect of this collection of information, including suggestions for reducing this burden, to:

Center for Devices and Radiological Health
1350 Piccard Drive
Rockville, MD 20850

An agency may not conduct or sponsoc and a person is not required to respond to, a collection of infrmation
unless it displays a currently valid OMB control number
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ISO 17665-1:2006: Sterilization of
Healthcare Products - Moist Heat - Part 1

Requirements for the Development,
Validation, and Routine Control of
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Form Approved: OMB No. 0910-0120; Expiration Date: 8/31II

Department of Health and Human Services
Food and Drug Administration

STANDARDS DATA REPORT FOR 510(k)s
(To be filled in by applicant)

This report and the Summary Report Table are to be completed by the applicant when submitting a 510(k) that refer-
ences a national or international standard. A separate report is required for each standard referenced in the 510(k).

TYPE OF 510(K) SUBMISSION

V Traditional E Special H Abbreviated

STANDARD TITLE '

ISO 17665-1 Sterilization of Healthcare Products - Moist Heat - Part I ... Development, Validation and Routine Control - 2006

Please answer the following questions Yes No

Is this standard recognized by FDA 2 1? ..

FDA Recognition number3  _ .... . .... . 14-261

Was a third party laboratory responsible for testing conformity of the device to this standard identified
in the 510(k)? ..... E

Is a summary report4 describing the extent of conformance of the standard used included in the
510(k)? 0 E
If no, complete a summary report table.

Does the test data for this device demonstrate conformity to the requirements of this standard as it
pertains to this device? ...... ..................................... ... 0

Does this standard include acceptance criteria? ...................................... V1 E
If no, include the results of testing in the 510(k).

Does this standard include more than one option or selection of tests? .................... . ............. O 0
If yes, report options selected in the summary report table.

Were there any deviations or adaptations made in the use of the standard? .................................... O 0
If yes, were deviations in accordance with the FDA supplemental information sheet (SIS)I '?........... E

Were deviations or adaptations made beyond what is specified in the FDA SIS? ................................ O 0
If yes, report these deviations or adaptations in the summary report table.

Were there any exclusions from the standard? .............................. O 0
If yes, report these exclusions in the summary report table.

Is there an FDA guidances that is associated with this standard? 0 ................ H............. 0 O
If yes, was the guidance document followed in preparation of this 510k? ................. ......... H.... 2

Title of guidance: Updated 510(k) Sterility Review Guidance K90-1; Final Guidance for Industry and FDA

1 The formatting convention for the title is: [SDO] [numeric identifier] certification body involved in conformance assessment to this
[title of standard] [date of publication] standard. The summary report includes information on all standards

2 Authority [21 U.S.C. 360d], wwm.tda.gov/cdrhIstdsprog.htmi utilized during the development of the device.

3 http:/w.accessdata.fda.go/script/cdrh/ctdocscfStandards/ 
5The supplemental information sheet (SIS) is additional information

search.ctm which is necessary before FDA recognizes the standard. Found at
4 http://www.accessdata.fda.goviscripts/cdrh/cfdocs/cfStandards/The summary report should include: any adaptations used to adapt h cm

to the device under review (for example, alternative test methods); search.cfm

choices made when options or a selection of methods are described; 6 The online search for CDRH Guidance Documents can be found at
deviations from the standard; requirements not applicable to the www.fda.govcdrh/guidance.htmi
device; and the name and address of the test laboratory or
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EXTENT OF STANDARD CONFORMANCE
SUMMARY REPORT TABLE

STANDARD TITLE

CONFORMANCE WITH STANDARD SECTIONS*

SECTION NUMBER SECTION TITLE CONFORMANCE?

Yes I No 0N/A
TYPE OF DEVIATION OR OPTION SELECTED*

DESCRIPTION

JUSTIFICATION

SECTION NUMBER SECTION TITLE CONFORMANCE?

Yes E No O N/A
TYPE OF DEVIATION OR OPTION SELECTED"

DESCRIPTION

JUSTIFICATION

SECTION NUMBER SECTION TITLE CONFORMANCE?

Yes 0N NIA

TYPE OF DEVIATION OR OPTION SELECTED 4

DESCRIPTION

JUSTIFICATION

For completeness list all sections of the standard and indicate whether conformance is met. If a section is not applicable (N/A)
an explanation is needed under "justification:' Some standards include options, so similar to deviations, the option chosen needs
to be described and adequately justified as appropriate for the subject device. Explanation of all deviations or description of
options selected when following a standard is required under 'type of deviation or option selected:' "description" and "justifica-
tion" on the report. More than one page may be necessary.
Types of deviations can include an exclusion of a section in the standard, a deviation brought out by the FDA supplemental
information sheet (SIS), a deviation to adapt the standard to the device, or any adaptation of a section.

Paperwork Reduction Act Statement

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the
time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and
completing and reviewing the collection of information. Send comments regarding this burden estimate or any other
aspect of this collection of information, including suggestions for reducing this burden, to:

Center for Devices and Radiological lealth
[350 Piccard Drive
Rockville, MD 20850

An agency may not conduct or sponsor, and a person iv not required to respond to, a collection oj information
unless it displays a currentlv valid OM/B contrl number
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Form Approved: OMB No. 0910-0120; Expiration Date: 8/31/10

Department of Health and Human Services
Food and Drug Administration

STANDARDS DATA REPORT FOR 510(k)s
(To be filled in by applicant)

This report and the Summary Report Table are to be completed by the applicant when submitting a 510(k) that refer-
ences a national or international standard. A separate report is required for each standard referenced in the 510(k),

TYPE OF 510(K) SUBMISSION

V Traditional Special H Abbreviated

STANDARD TITLE I

ISO 17664-1 Sterilization of medical devices: Info. provided by the manuf for the processing of resterilizable medical devices -'04

Please answer the following questions Yes No

Is this standard recognized by FDA 2?............. ............... O 0

FDA Recognition number' .................. #

Was a third party laboratory responsible for testing conformity of the device to this standard identified
in the 510(k)? .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . E 0
Is a summary report 4 describing the extent of conformance of the standard used included in the
510(k)? .... O 0
If no, complete a summary report table.

Does the test data for this device demonstrate conformity to the requirements of this standard as it
pertains to this device? ....................................................... 

Does this standard include acceptance criteria? .................................... O 0
If no, include the results of testing in the 510(k).

Does this standard include more than one option or selection of tests? .............................. E 0
If yes, report options selected in the summary report table.

Were there any deviations or adaptations made in the use of the standard? ............. ....................... O 0
If yes, were deviations in accordance with the FDA supplemental information sheet (SIS)P? .............. O H

Were deviations or adaptations made beyond what is specified in the FDA SIS? ................................ O 0
If yes, report these deviations or adaptations in the summary report table.

Were there any exclusions from the standard? H.................. . ............ O 
If yes, report these exclusions in the summary report table.

Is there an FDA guidance5 that is associated with this standard? ..................... ............. .
If yes, was the guidance document followed in preparation of this 510k? ..................... ........... H E
Title of guidance:

I The formatting convention for the title is: [SO] [numeric identifier] certification body involved in conformance assessment to this
[title of standard] (date of publication) standard. The summary report includes information on all standards

2 Authority [21 U.S.C. 360d], w.fda.gov/cdrh/stdsprog.htiml utilized during the development of the device.

3 http://w.accessdata.tda.gov/scripts/cdrh/cfdocs/cfStandards/ 5 The supplemental information sheet (SIS) is additional information
search.cim which is necessary before FDA recognizes the standard. Found at

The summary report should include: any adaptations used to adapt http://www.accedata.tda.go/scripts/cdrhcfdocs/ctStandards/

to the device under review (for exaniple, alternative test methods); search.ctm

choices made when options or a selection of methods are described; 6The online search for CORH Guidance Documents can be found at
deviations from the standard; requirements not applicable to the w.fda.gov/cdrh/guidance.html
device; and the name and address of the test laboratory or
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EXTENT OF STANDARD CONFORMANCE
SUMMARY REPORT TABLE

STANDARD TITLE

ISO 17664-1 Sterilization of medical devices: Info. provided by the manuf for the processing of resterilizable medical devices

CONFORMANCE WITH STANDARD SECTIONS*

SECTION NUMBER SECTION TITLE CONFORMANCE?

All All 1 Yes O No FlNIA

TYPE OF DEVIATION OR OPTION SELECTED

The standard was followed although the device is not intended to be resterilized, it is provided to the end user non-sterile.

DESCRIPTION

Instmctions and parameters are provided for proper moist heat sterilization of the device prior to use.

JUSTIFICATION

Information is appropriate for sterilization of the device prior to use.

SECTION NUMBER SECTION TITLE CONFORMANCE?
S7 Yes No O N/A

TYPE OF DEVIATION OR OPTION SELECTED*

DESCRIPTION

JUSTIFICATION

SECTION NUMBER SECTION TITLE CONFORMANCE?

n Yes M No N/A

TYPE OF DEVIATION OR OPTION SELECTED*

DESCRIPTION

JUSTIFICATION

* For completeness list all sections of the standard and indicate whether conformance is met. If a section is not applicable (N/A)
an explanation is needed under "justification." Some standards include options, so similar to deviations, the option chosen needs
to be described and adequately justified as appropriate for the subject device. Explanation of all deviations or description of
options selected when following a standard is required under type of deviation or option selected," "description" and "justifica-
tion" on the report. More than one page may be necessary.
Types of deviations can include an exclusion of a section in the standard, a deviation brought out by the FDA supplemental
information sheet (SIS), a deviation to adapt the standard to the device, or any adaptation of a section.

Paperwork Reduction Act Statement

Public reporting burden for this collection of information is estimated to average I hour per response, including the
time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and
completing and reviewing the collection of information. Send comments regarding this burden estimate or any other
aspect of this collection of information, including suggestions for reducing this burden, to:

Center for Devices and Radiological Health
1350 Piccard Drive
Rockville, MD 20850

An agency may not conduct or sponsor and a person iv not required to respond to, a collection of information
unless it displays a currently valid OMB contnvl number.
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Form Approved: OMB No. 0910-0120; Expiration Date: 8/31/110

Department of Health and Human Services
Food and Drug Administration

STANDARDS DATA REPORT FOR 510(k)s
(To be filled in by applicant)

This report and the Summary Report Table are to be completed by the applicant when submitting a 510(k) that refer-
ences a national or international standard. A separate report is required for each standard referenced in the 510(k).

TYPE OF 510(K) SUBMISSION

V Traditional O Special Fi Abbreviated

STANDARD TITLE I

ISO 15223 Medical Devices: Symbols to be used with medical device labels, labelling and information to be supplied - 2007

Please answer the following questions Yes No

Is this standard recognized by FDA 2 ' 2 l
FDA Recognition numbers # 5-31

Was a third party laboratory responsible for testing conformity of the device to this standard identified
in the 510(k)? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -. . . . . . . . . . .  . . . . . . . . .

Is a summary report4 describing the extent of conformance of the standard used included in the
510(k)? .... O .
If no, complete a summary report table.

Does the test data for this device demonstrate conformity to the requirements of this standard as it
pertains to this device? ....... O............................... ...... ....... Z

Does this standard include acceptance criteria? . . . . . . . . .. . . . . . . . . . . . . . . . . . .. .. . .. .. . LO L7
If no, include the results of testing in the 510(k).

Does this standard include more than one option or selection of tests? ... ... ............. l Z
If yes, report options selected in the summary report table.

Were there any deviations or adaptations made in the use of the standard? .................. O 
If yes, were deviations in accordance with the FDA supplemental information sheet (SIS)6 9 ............. L O

Were deviations or adaptations made beyond what is specified in the FDA SIS? ................................. E
If yes, report these deviations or adaptations in the summary report table.

W ere there any exclusions from the standard? ................... W.. ...........
If yes, report these exclusions in the summary report table.

Is there an FDA guidance6 that is associated with this standard? ................... . ............... LO 2
If yes, was the guidance document followed in preparation of this 510k? .. . . . . . . . . . . . . . . . . . . .  L L
Title of guidance:

I The formatting convention for the title is: [SDO] [numeric identifier] certification body involved in conformance assessment to this
[title of standard] [date of publication] standard. The summary report includes information on all standards

2 Authority [21 U.S.C. 360d], ww.fda.govcdrhstdsprog.htm utilized during the development of the device.

http://www.accessdata.tda.gov/scriptscdrh/cfdocs/cfStandards/ 'The supplemental information sheet (SIS) is additional information

search .cfm which is necessary before FDA recognizes the standard. Found at

The summary report should include: any adaptations used to adapt h.ccd s
to the device under review (for example, alternative test methods);
choices made when options or a selection of methods are described; 6 The online search for CDRH Guidance Documents can be found at
deviations from the standard; requirements not applicable to the www.ida.gov/cdrh/guidance.htmi
device; and the name and address of the test laboratory or
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.EXTENT OF STANDARD CONFORMANCE
SUMMARY REPORTTABLE

STANDARD TITLE
ISO 15223 Medical Devices: Symbols to be used with medical device labels, labelling and information to be supplied

CONFORMANCE WITH STANDARD SECTIONS*

SECTION NUMBER SECTION TITLE CONFORMANCE?

All All Yes [i No 0 N/A

TYPE OF DEVIATION OR OPTION SELECTED'

N/A

DESCRIPTION

N/A

JUSTIFICATION

N/A

SECTION NUMBER SECTION TITLE CONFORMANCE?

,1 Yes No O N/A
TYPE OF DEVIATION OR OPTION SELECTED'

DESCRIPTION

JUSTIFICATION

SECTION NUMBER SECTION TITLE CONFORMANCE?

Yes No N/A

TYPE OF DEVIATION OR OPTION SELECTED 4

DESCRIPTION

JUSTIFICATION

* For completeness list all sections of the standard and indicate whether conformance is met. If a section is not applicable (N/A)
an explanation is needed under "justification2 Some standards include options, so similar to deviations, the option chosen needs
to be described and adequately justified as appropriate for the subject device. Explanation of all deviations or description of
options selected when following a standard is required under 'type of deviation or option selected," "description" and "justifica-
tion" on the report. More than one page may be necessary.

* Types of deviations can include an exclusion of a section in the standard, a deviation brought out by the FDA supplemental
information sheet (SIS), a deviation to adapt the standard to the device, or any adaptation of a section.

Paperwork Reduction Act Statement

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the
time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and
completing and reviewing the collection of information. Send comments regarding this burden estimate or any other
aspect of this collection of information, including suggestions for reducing this burden, to:

Center for Devices and Radiological Health
1350 Piccard Drive
Rockville, MD 20850

An agency may not conduct or sponsor, and a person is not required to respond to, a collection of information
unless it displays a currently valid OMB control number.
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Material 3_7065 Ti Gr 4
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Fotoplast Biocompatibility Information
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Magnetic Implant Specification
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(b)(4) Implant Specification
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(b)(4) Implant Specification
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(b)(4) Implant Specification
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Appendix C

 - Otomag Magnetic Implant Static Force Verification I Validation Protocol

- Otomag Magnetic Implant Screw Retention Force Validation Protocol
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4 DEPARTMENT OF HEALTH AND HUMAN SERVICES MEMORANDUM
Food and Drug Administration

Office of Device Evaluation
9200 Corporate Boulevard

Rockville, MD 20850

Premarket Notification [510(k)] Review
Traditional/Abbreviated

K1021991S002

Date: May 18, 2011
To: The Record Office: ODE
From: Vasant K. Dasika, Ph.D. Division: DONED

510(k) Holder: Sophono, Inc.
Device Name: Otomag Bone Conduction Hearing System
Contact: Clay Anselmo, President and CEO, Reglera LLC
Phone: 303-223-4303
Fax:
Email: anselmoc@reglera.com

Recommendation: Substantially Equivalent

The prior deficiencies from the January 20, 2011 telephone hold letter, subsequent interactive review
items from February to April 2011, and interactive review items from S002 have all been resolved. In
summary, the sponsor acceptably responded to FDA concerns in the following four areas:

1. Clinical performance data;

2. Retention/coupling of the sound processor and implant;

3. Adequate transmittance of sound vibration through complete device system; and

4. Sterilization.

See the remainder of this lead review memo for details on how each of the above issues are resolved and
for the acceptable rationale provided by the sponsor that the Alpha 1(M) device system is substantially
equivalent to the predicate devices.

Review Team

Although all review team members from any review cycle are listed below, only reviewers who had
outstanding questions to S001 (or the subsequent interactive material) are identified with a '+ as only
these individuals reviewed S002.

Vasant Dasika, Ph.D. Lead Reviewer & Electrical Engineering+
Angie Khan, M.D. Clinical+
Frank Curto, M.D. Clinical
Sue Rudy Sterility+
Shu-Chen Peng, Ph.D. Audiology+
Jim Kane, Ph.D. Audiology
Daniel Clupper, Ph.D. Materials Science & Mechanical Engineering+

Page 1 of 20
K102199/SO01 Lead Review Memo

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Vasant Malshet, Ph.D. Biocompatibility
Nandu Nandkumar, Ph.D. Branch Chief, ENTB
Eric Mann, M.D., Ph.D. Clinical Deputy Director, DONED

1. Purpose and Submission Summary

The 510(k) holder would like to introduce a modified Otomag Bone Conduction Hearing System into
interstate commerce.

The modification "adds a new configuration into the Otomag Bone Conduction Hearing System family.
The new configuration (Alpha 1(M)) uses an implantable magnet as a fixation system for the sound
processor instead of a headband or softband as was used in the prior version of the device cleared
under K1001 93 - Otomag Bone Conduction Hearing System - May 18, 2010."

II. Administrative Requirements

Indications for Use page (Indicate if: Prescription or OTC) X
Truthful and Accuracy Statement X

510(k) Summary or 510(k) Statement X

Standards Form X

III. Device Description

Is the device life-supporting or life sustaining? X
Is the device an implant (implanted longer than 30 days)? X

Does the device design use software? X
Is the device sterile? X
Is the device reusable (not reprocessed single use)? X X
Are "cleaning" instructions included for the end user? X

Description of the Osseointegrated Alpha 1 (M) Configuration (p. 13-4; 41 of 192 of K102199)
In the Alpha 1(M) configuration, the Alpha 1 Sound Processor is used with an Otomag Osseointegrated
Magnetic Implant (similar to cochlear implant magnets) and a plastic magnetic spacer. The plastic
magnetic spacers are equipped with magnets encapsulated by Fotoplast (plastic) materials. Figure 1
below illustrates the configuration; Figure 2 shows the magnetic spacer in isolation; and Figure 3 shows
the sound processor attached to the spacer.
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Figure 1. Alpha 1(M) configuration.

Figure 2. Magnetic spacer in Alpha 1(M) configuration.

Figure 3. Sound processor with metal disc attached to magnetic spacer.

For the Alpha 1(M) configuration, the same metal disc used in the Alpha 1 (S) configuration is used to
attach the sound processor to plastic magnetic spacer. The magnets within the plastic magnetic spacer
are then additionally used to secure the external assembly (sound processor and spacer) to the magnetic
implant across the patient's skin.

Comment (Lead Reviewer): In SOO1, the sponsor includes 5 magnetic spacers instead of 4 to provide
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The magnetic implant is screwed to the skull with Stryker self-tapping titanium facial plating screws. The
implant consists of two magnets (similar to cochlear implant magnets) hermetically sealed in a titanium
case that are recessed into bone beds at the surgical implant site.

Osseointegrated Magnetic Implant (p. 1377; 44 of 192)
The implant consists of two  magnets hermetically sealed in a titanium housing as shown in Figure
4. The implant is manufactured for Otomag by  Validation documentation associated
with the implant's performance as a retention mechanism for the sound processor can be seen in
Appendix C to the overall submission. Each implant is welded, cleaned, and 100% leak tested by the
manufacturer using formally validated processes.

Figure 4. Magnet implant.

Refer to the review memos of Drs. Clupper and Khan of the original submission (K102199) for
additional details about device description. Refer to Ms. Rudy's review memo of the original
submission for a table of device components.

IV. Indications for Use

The sponsor provides the following indications for use statement in the original submission (K1 02199),
The indications for use have not changed for S001 or S002.

510(k) Number: K102199

Device Name: Otomag Bone Conduction Hearing System

Indications for Use: The Otomag Alpha I Sound Processor is intended for use with the Otomag
Headband or Otomag Softband (no age limitations), or with the Otomag Magnetic Implant
(patients 5 years of age and up) for the following patients and indications:

* Patients with conductive or mixed hearing losses, who can still benefit from amplification of
sound. The pure tone average (PTA) bone conduction (BC) threshold for the indicated ear should
be better than 45 dB HL (measured at 0.5, 1, 2, and 3 kHz).

* Bilateral fitting is applicable for most patients having a symmetrically conductive or mixed
hearing loss. The difference between the left and right sides' BC thresholds should be less than
10dB on average measured at 0.5, 1, 2, and 4 kHz, or less than 15 dB at individual frequencies.
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* Patients who have a profound sensorineural hearing loss in one ear and normal hearing in the
opposite ear, who for some reason will not or cannot use an AC CROS. The pure tone average
(PTA) air conduction (AC) threshold of the hearing ear should be better than 20 dB HL
(measured at 0.5, 1, 2 and 3 kHz).

Drs. Peng and Khan have reviewed the Indications for Use and deem them acceptable.

V. Predicate Device Comparison

The sponsor claims two predicate devices:

- The Otomag Bone Conduction Hearing System, Unmodified Version, Alpha 1(S) in a
headband or softband configuration- K100193

- Xomed Audiant Bone Conductor - K855059 / K861971 (added in S001)

The following table from section 14 of S001 compares the subject device with the two predicate devices:

Specification I Original Otonag*Bone Audlnt Bone Conductor (ABC)
C Conucio ea tem 1SV(predlcate device) Conduction Hearing System Comparison

K100193 (predicate device) ______________

Classification 874,3300 874.3300 874.3300 Identical to both

Class Class 11 Class II Class fl Identical to both

Product Code LXB LXB LX8 Identical to both
predicates

improvement of hearing for patients The Audient Bone Conductor is a Improvement of hearing for patients Identical to Alpha

Intended Use hi conductive and mixed hearing device for Conducthi Hearing Loss with conductive and mixed heating
losses. bilateral fitting, and single- not correctable by conventional losses, bilateral filling. and single-
sided deafness reonstructive surgery sided deafness Substanly

Equivalent to ABC
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SpectficationI Original Otornag Bone Audiant Bone Conductor (ABC) Modified Otomag Bone
Characteristic Conduction Hearing System K861971 (predicate device) Conduction Hearing System Comparison

K10D193 (predicate device)

A sound processor transmits sound A sound processor transmits sound A sound processor transmits sound
vibrations that are conducted vibrations that are conducted vibrations that are conducted Identical to bothDesign through the patients bone rather through the patient's bone rather through the patients bone rather idedicats
than via the middle ear -a process than via the middle ear - a process than via the middle ear - a process eficeta
known as direct bone wnducton. kniowin as durect bone conduction.' lnowin as direct bone conduction.
Sound Processor consists of an Sound Processor consists of an Sound Processor consists of an Identical to Alpha
intemal electronic transducer, a external electronic transducer, a internal electronic transducer, a i(s)

Sound Processor bettery, volume and programming battery, volume controls, and an battery, volume and programming
controls, and an internal or external external microphone within a plastic controls, and an internal or external Substantially
microphone within a plastic housing housing. microphone within a plastic housing. Equivalent to ABC

Transdue rd bon conducn I te coupling can external Traditional bone conduction dentical to Alphatranducl er cnuto magnet and cil to an implainted trnsucer lis)
magnet

identical to Alpha
I(S)

Power Supply Zinc-aro battery AA battery Zinc-air battery
Substantially
Equivalent to ABC

Sound Processing Digital Analog Digital Identical to Alpha
1(5)

Individual adjustment to patient Individual adjustment to patent

Patient Fitting audiogran and needs by a Simple volume control aucogram and needs ry a Identical to Alpha
computer based fitting system used somputer based thing System Used 1(S)
by the audiologist by the audiologist

Frequency 125 - kHz 336--12kHz 125 - 8kHz Identical to Alpha
Processing Range 1(s)

Max Gain (63d 38 dB Unavailable 38 dB Identical to Alph
SPL) 1(s)
Acousto-Mechanical
Gain at 60 dB SPL 29 dB Unavailable 29 dB Identical to Alpha
and 1600 Hzl 1(5)

Accessories/Options Direct audio input via FM jack Telecoil Direct audio input via FM jack Identical to Aph

Specification I Original Otomag Bone Audiant Bone Conductor (ABC) Modified Otomag Bone
Characteristic Conduction Hearing System K861971(predlcate device) Conduction Hearing system Comparison

K100193 (predicate device)
Patient Contact Identical to Alpha
Materials for 1(S)
Biocompatibility Fotoplast-Lac Biocompatible plastic Fotoplast-Lac
Purposes (external Substantially
device) Equivalent to ABC

Patient Contact Identical to Alpha

aterwialy Titanium Grade 2 and 4 tanium Grade 5and Silicone Titanium Grade 2 and 4 1(S)
Purposes (external Substantially
device) Equivalent to ABC

Identical to Alpha

Sterilin Steam sterilization of surgical Provided Stenle Steam sterilization of surgical i(S)
implant implant Substantially

Equivalent to ABC

identical to Alpha

PeakOutput at9 1 118dB 115dB 1(S)
dB SPL11ad18d 5B

Substantially
Equivalent ABC
Identical to Alpha

Frequency range I(s)
per ANSI S322- 280 5000 Hz 33S- 12kHz 280-5000 Hz
2009 See Discussion

Below
Identical to Alpha

Total harmonic 1(S)
distortion per ANS1 <3% 3-9% <3%
S3 22-2009 Substantially

Equivalent to ABC
Equivalent input 17 dB SPL Unavalable 17 dB SPL Idtil t Alpha
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Specifcation I Original Otomag Bone Audlani Bone Conductor (ABC) Modified Otonag Bone Comparion
Charscl etc Conduction Hearing System K81971(predlicate device) Conduction Hearing System<100193 (predicate device)

Buttery current dain 0.95 mA 52 mA 0.95 mA identica to Alpha
____________________i(S)

Processor 18 Band, 4 Channel WDRC Standard OP Amp 16 Band. 4 Channel WORC Idetical to Alpha

Crose ry s 0-1.25, 0.25-2.75, 1.75-7.75 kHz None 0-1.25. 0,25-2.75, 1 5-7.75 kHz identical to Alpha
Frequency Options I(S)

identical to Alpha

Compression Attack 02I' a02 i (S)
Tim n 0 25 m s 1 ms 0.25 m s e Dsc ssin

Below

identical to Alpha
Compression I(S)
Release Time 6192ms 350 ms 8192 ms
(maxinum) See Discussion

____ ___ __ ___ ___ ____ ___ ___ ___ ___Below

Patient Volume 38 dB Range Unavailable ne identical to Alpha
.Conflol Wheal 38_____________ _______________ IB ag (S)
Force Application Heand nd to ied S n Magnetic to implanted magnet identical to ABCMethods _____________(Apdha I(M) Version)

Conection of Substantially
implant to te skull Not Applicable 1 Titanium screw 5 Titanium Screws Equivalent - see

discussion below

The sponsor claims five major differences between the subject and predicate devices:

1. Indications for use: The new Alpha 1(M) configuration is indicated for patients age 5 and older
whereas the cleared (S) configuration is indicated for all ages.

2. New patient contact materials: The Magnetic Implant in the Alpha 1(M) configuration contains
new patient contacting materials: Titanium Grades 4 and 5.

3. Sterilization: The Magnetic Implant is provided clean but not sterile and requires sterilization via
gravity or prevacuum steam sterilization at the healthcare facility prior to implantation.

4. Method for coupling sound processor to patient, i.e., "Force Application Method": The
Alpha 1(M) configuration utilizes a magnetic field to apply the necessary force to the patient's
mastoid to conduct sound. The force generated by the magnetic field is adjustable through 5
different strength magnetic spacers provided with the product. In contrast, the cleared Alpha 1(S)
device uses either elastic material (in the softband version) or spring tension (in the headband
version), to couple the sound processor to the patient's head. The predicate therefore uses no
implanted components. The sponsor also claims that the Xomed Audiant Bone Conductor also
"employs the same technology as the Alpha 1(M) configuration for the attachment of the sound
processor."

5. Connection of the implant to the skull. Five 4-mm screws are used to hold the Alphal (M)
implant to the skull while the sponsor claims that the Audiant implant uses one 4 mm length
screw.

The sponsor claims that the above differences do not negatively impact safety or effectiveness and do not
raise any new safety or effectiveness questions.

The sponsor also (e.g., in S002 in response to deficiency #4 of January 20 Al letter) compares their
Alphal (M) device with the Cochlear BAHA when used with the implant/abutment even though the BAHA
is not identified as a predicate. The sponsor claims that the risks of the Alpha 1 (M) are less than those
shown for "legally marketed competitive [bone anchored hearing aid] devices" and that the "significant
lifestyle and safety benefits that result with the use of the Alpha 1(M) ... fully outweigh the risks."
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VI. Labeling

The sponsor lists 4 labeling materials of the Otomag system that have been revised for the Alpha 1(M)
configuration:

1. Physician's Manual
2. Patient User Manual
3. Magnetic Implant Package Label
4. Revised Primary Device Labels

This information was reviewed primarily by Drs. Khan, Peng, and Ms. Rudy and found acceptable.
Please refer to the review memos of these reviewers for details.

VII. Sterilization/Shelf Life/Reuse

The sponsor addressed the final sterility related deficiencies (numbered 8 to 12) in S002.

This information was reviewed by Ms. Rudy and was found acceptable. Refer to Ms. Rudy's review
memo of S002 and the deficiencies section of this lead review memo for details.

VIII.Biocompatibility

This information was provided in the original submission which Dr. Malshet reviewed and determined that
the biocompatibility information is acceptable. Refer to Dr. Malshet's review memo of K102199 for details.

IX. Software

I reviewed this information and accept the sponsor's justification for not providing complete software
documentation. The following comment is retained from the lead review memo of K102199:

X. Electromagnetic Compatibility (EMC) and Electrical, Mechanical and Thermal Safety
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system in both a skull model and a simulated section of temporal bone. Sound transmission was

XI. Performance Testing - Bench

Bench performance testing for S002 is summarized in Section X above. Bench performance testing for
S001 and the original submission are summarized in the respective review memos.

XII. Performance Testing - Animal

No animal performance-testing data were provided.

Comment (Lead Reviewer): This is acceptable as the sponsor demonstrates substantial equivalence
through the combination of bench performance testing and clinical performance testing.

XIII. Performance Testing - Clinical
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XIV. Substantial Equivalence Discussion
Yes No

1. Same Indication Statement? X If YES = Go To 3

2. Do Differences Alter The Effect Or Raise New X If YES = Stop NSE
Issues of Safety Or Effectiveness?

3. Same Technological Characteristics? X If YES = Go To 5

4. Could The New Characteristics Affect Safety Or X If YES = Go To 6
Effectiveness?

5. Descriptive Characteristics Precise Enough? If NO = Go To 8
If YES = Stop SE

6. New Types Of Safety Or Effectiveness Questions? X If YES = Stop NSE

7. Accepted Scientific Methods Exist? X If NO = Stop NSE

8. Performance Data Available? X If NO = Request Data

9. Data Demonstrate Equivalence? X Final Decision: SE

Note: See
http://eroom.fda.pov/eRoomRe/Files/CDRH3/CDRHPremarketNotification5lOkPropram/O 4148/FLOWC
HART%20DECISION%20TREE%20.DOC for Flowchart to assist in decision-making process. Please
complete the following table and answer the corresponding questions. "Yes" responses to questions 2, 4,
6, and 9, and every "no" response requires an explanation.

1. Explain how the new indication differs from the predicate device's indication:

The indication statement is the same as the indication for the predicate except for the addition that the
(subject) Alpha 1(M) configuration requires a surgically placed implant and is indicated for ages 5 and
older only- The Alpha 1(S) configuration predicate does not require an implant and is indicated for all
ages.

2. Explain why there is or is not a new effect or safety or effectiveness issue:

The change made in the new indication statement does not raise any new safety of effectiveness issues
because the age range has been appropriately specified and deemed acceptable by the clinical
reviewers.

3. Describe the new technological characteristics:

New technological characteristics include magnetic coupling of the sound processor to the patient's skull
via a magnetic implant and (externally worn) magnetic spacer The Sophono Alpha I(S) predicate instead
uses a headband or softband to couple the sound processor to that patient's skull and there is no implant
For the Audiant predicate, sound vibration does not actually originate from the exterior sound processor
but instead, operates like a decoupled speaker circuit, or more specifically a solenoid and magnet, such
that the sound processor emits a modulated magnetic field which induces motion of the implanted
magnet The magnetic coupling and sound-transmission method of the subject device therefore differs
from that of each predicate device.

4. Explain how new characteristics could or could not affect safety or effectiveness:
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The implanted component in the subject device poses several safety risks, including those relating to
potential extrusion and infection. In addition, the safety and effectiveness of the proposed magnetic
coupling system have not been established.

5. Explain how descriptive characteristics are not precise enough:

6. Explain new types of safety or effectiveness question(s) raised or why the question(s) are not new:

Bone-conduction hearing-aid devices are not new. Therefore, the general set of safety and effectiveness
questions remains constant across various types of devices: adequate and safe coupling/retention and
adequate sound transmission.

7. Explain why existing scientific methods can not be used:

8. Explain what performance data is needed:

9. Explain how the performance data demonstrates that the device is or is not substantially equivalent:

The European clinical data together with bench performance data, including those provided during
interactive review and in S002, provide reasonable evidence that the subject Alpha 1(M) device is as safe
and effective as the Alpha 1 (S) predicate device.

XV. Deficiencies

All 14 deficiencies generated in response to S001 and during subsequent interactive review have been
resolved. See attached consults and e-mails from review team members for details regarding
acceptance of individual deficiencies. For completeness, all deficiencies from S001 are reproduced
below, together with a summary of the sponsor's response and reviewer comment for why each response
is accepted.
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Summary of Response: Sophono has previously submitted simulated use validation data demonstrating

The sponsor has provided acceptable justification that the device will stay securely 
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Response 6: Both the Physician Manual and the Patient Manual already contain Warning statements
stating that patients are not to undergo MRI if they have the magnetic implant, and the primary product
labeling for the Alpha 1(M) configuration contains the appropriate symbol for the device not being
compatible with MRI. As requested by FDA, the MRI warning statements in the previous versions of the
manual have been updated to include explantation if MRI is required.

As additionally requested by FDA, the contraindications for the Alpha 1(M) device configuration have
been amended to contain statements that specifically state that MRI should not be performed on patients
with the magnetic implant and if MRI is absolutely necessary, the explantation is required prior to
scanning. The contraindications for the device read as follows. See Appendices 2, 3 and 15 to this
response for revised versions of the Physician and Patient Manuals and the 510(k) Summary containing
the revised Contraindications.

Contraindications
Contraindications for the Otomag Alpha I Sound Processor connected to the Otomag Headband,
Softband, or Magnetic Implant are as follows:

Any factor that would cause a clinician to refer the patient for medical assessment will temporarily, or in
some cases permanently, halt the process of hearing aid fitting. These factors include:

* A hearing loss of sudden onset;
* A rapidly progressing hearing loss;
* Pain in either ear:
* Tinnitus of sudden recent onset, or unilateral tinnitus;
* Unilateral or markedly asymmetrical hearing loss of unknown origin;
* Vertigo (e.g. dizziness)

Patients using the Alpha 1(M) configuration of the device, which utilizes a magnetic implant, should not
undergo magnetic resonance imaging (MRI) without having the implant removed prior to scanning

As described in detail in Response 4 above, Sophono strongly believes the benefits of the Alpha 1(M)
configuration outweigh the devices risks including children 5 years and older. Our Indications for Use
statement regarding this population is consistent with other bone conduction hearing devices that utilize
an implant for attachment and we have provided sufficient data showing why the Alpha 1(M) device
configuration, based on its design, is likely to have significantly fewer complications than competitive
devices.

Comment (Lead Reviewer): Per Dr Khan's review, the response is accepted. The rationale is that the
thickness of the skull bone is relatively developed to permit safe use of the device for the lower indicated
age range of 5 years. It is noted that the age range is the same as that for the (implanted) BAHA device
system referred to in the sponsor's response.
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of S001, insufficiently demonstrate that your device is as safe and effective as the predicate devices
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Deficiency 9: Your revised physician instructions (response to deficiency #5c) advise the use of a
specific chemical indicator (Cl) to be placed inside the sterilization pouch with the implant. We agree with
the methods used in your steam sterilization validation study. However, since no specific Cl was validated
for use, facilities can use any commercially available Cl that is labeled for the cycle parameters they are
using, and it is not important that they use exactly the brand and catalog number of the Cl you have
identified. Therefore, please revise your instructions to be more general, simply replacing your specific Cl
recommendation with a one-line step in the instructions reminding users that a steam indicator strip
labeled for the specific cycle parameters should be put into the pouch with the implant.

Response 9: As requested by FDA, the Physician Manual has been revised to contain a single line
reminding users that a steam indicator strip labeled for this specific cycle should be put into the pouch
with the implant. The revised Physician Manual is contained in Appendix 2 to this response.

Ms. Rudy reviewed this response and finds it acceptable; see Ms. Rudy's review memo for details.

Deficiency 10: You clarify (response to deficiency #7) that your "go, no-go" test devices are used in
medical settings for multiple patients. You now advise "prior to using with another patient, the accessories
must be cleaned with a Clorox@ type disinfecting wipe." Better language for medical settings would be,
"...cleaned and disinfected using an EPA-registered hospital disinfectant wipe." Please make this change
for accuracy and broadest applicability.

Response 10: As requested by FDA, the Physician's Manual has been revised to read "..cleaned and
disinfected using an EPA-registered hospital disinfectant wipe." The revised Physician Manual is
contained in Appendix 2 to this response.

Ms. Rudy reviewed this response and finds it acceptable.

Deficiency 11: You add language after your contraindications in the patient manual (response to
deficiency #10b) as reproduced below:

"Note: While the contraindications above may affect the process of hearing aid fitting, it should be noted
that the treatment plan for use of the Otomag Alpha 1 sound processor may vary with worsening or
improving hearing. Your treatment plan will be determined by your primary care physician."

Primary care physicians are not skilled or credentialed for making or adjusting a treatment plan that would
involve the subject device. Please replace "primary care physician" in this note with language such as
"your hearing health specialists." Your response to deficiency #13 has the same issue, so please replace
the "primary care physician" language there as well.

Response 11: As requested by FDA, the wording in this statement has been revised to specify the
language suggested by FDA. This statement now reads:

'Note: While the contraindications above may affect the process of hearing aid fitting, it should be noted
that the treatment plan for use of the Otomag Alpha 1 sound processor may vary with worsening or
improving hearing. Your treatment plan will be determined by your hearing health specialists."
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This revised language has been used in Section 7 (response to previous deficiency 13) as follows:

"If you experience any device related issues, develop unexpected or excessive symptoms, or have
general concerns or questions, please contact your hearing health specialists."

The revised Patient Manual is contained in Appendix 3 to this response.

Ms. Rudy reviewed this response and finds it acceptable.

Deficiency 12: Your revised patient manual (Appendix 2) includes magnet information with precautions
on page 17 (section 6). All safety precautions should appear at the beginning of the document in a
complete list of precautions. You may reiterate any precautions as you wish throughout the document. To
place a new precaution on page 17, is to risk that it will never be read or heeded and inappropriately
diminishes its importance. Please revise your patient instructions accordingly.

Response 12: The two precautionary statements, from Page 17, section 6 of the Patient Manual
referred to in this deficiency are contained in the master list of precautions on pages 7 and 8 of the
Patient Manual. These statements are contained in bullet 3 (Caution Section, bottom of page 7) and bullet
2 (Caution Section, top of page 8).

Ms. Rudy reviewed this response and finds it acceptable.

Deficiency 13: In your revised clinician manual, please specify 510(k) numbers (if available) for the
recommended craniomaxillofacial titanium self-tapping screws for affixing the implant to the skull.

Response 13: As requested by FDA, the 510(k) numbers for the recommended screws have been
added to the Physician Manual. The revised Physician Manual is contained in Appendix 2 to this
response.

Ms. Rudy reviewed this response and finds it acceptable.

Deficiency 14: In Section 19 Electromagnetic Compatibility and Electrical Safety of your original
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XVI. Contact History

May 23, 2011: Recommended that the sponsor make changes to patient and physician manuals
regarding magnet information and warning/precautions relating to the use of the device system with
pacemakers or implantable cardioverter defibrillator devices.

May 20, 2011: Requested and received confirmation from sponsor that titanium welding processes in final
device will be same as those tested in submission and used in clinical study. Requested inclusion of
precautions/warnings in the Patient Manual given that Apha 1(M) configuration contains an implanted
magnetic, metallic component. Sponsor provided revised Patient and Physician manuals the same day.

May 19, 2011: FDA received requested revisions of 510(k) summary. Received requested revision of
Physician Manual. Received requested additional information regarding EMC and immunity testing.

May 18, 2011: Requested a detailed breakdown of the ages of the subjects in clinical study. Received
this information the next day.

May 11, 2011: Requested and received confirmation from sponsor that all interactive review items have
been resolved and will be appropriately referenced in 8002.

May 9, 2011: Provided informal feedback to sponsor on vibration test protocol.

May 1, 2011: Interactively received requested vibration test protocol.

April 25, 2011: Sponsor provided informal draft of S002, i.e., their draft response to 8001 hold letter.

April 20, 2011: Provided feedback on vibration test protocol, received concurrence from sponsor.

April 18, 2011: Clay Anselmo (sponsor) phoned Lead Reviewer requesting clarification on two of the April
14, 2011 FDA followup questions 2 and 3. Sponsor also asked about general strategy on how to respond.
Dasika provided clarification and instructed Anselmo to respond to last official Al letter (to 8001) and
identify where subsequent interactive review has resolved related concerns.

April 14, 2011: Provided informal comments to sponsor on draft document 

March 7, 2011: Received copies of requested articles from sponsor.

March 3, 2011: Received sponsor response to informal interactive review items of February 22, 2011.

February 22, 2011: Following February 15, 2011 teleconference, lead reviewer e-mailed sponsor 3
followup questions, plus an additional deficiency concerning EMC testing of complete device system.
Received confirmation same day that sponsor will work on preparing responses.

February 15, 2011: Drs. Nandkumar, Dasika, Clupper, Khan, and Peng held teleconference with sponsor
(Jim Kasic and Clay Anselmo). See the attached revised agenda for a list of items discussed.

February 9, 2011: Received expanded agenda and video clips from sponsor for teleconference scheduled
for February 15, 2011.

January 24, 2011: Sponsor requested teleconference with FDA. FDA responded same day and asked for
detailed agenda.

January 20, 2011: E-mailed sponsor Al letter for S001 containing 13 deficiencies and put submission on
hold that day.
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January 16, 2011: Lead Reviewer e-mailed sponsor 14 deficiencies for interactive review. Sponsor
provided a response to deficiencies on January 19, 2011.

January 14, 2011: Lead reviewer e-mailed sponsor to request a copy of cited Raicevich et al. (2008)
paper. Sponsor provided requested information on same day.

September 23, 2010: Lead Reviewer e-mailed sponsor that additional information is needed to continue
review of K102199 and informed the sponsor that the submission will be on hold until the information is
provided.

September 22, 2010: Lead Reviewer e-mailed sponsor question to clarify magnetic spacers provided in
the sample. Sponsor provided requested clarification the next day.

September 15, 2010: Lead Reviewer requested device sample from sponsor. Sponsor indicated on same
day that this was possible and had some clarification questions: purpose, use, and whether sample will
be returned. Lead reviewer responded on September 16, 2010. Sample received on September 22, 2010.

August 9, 2010: Lead Reviewer requested e-copy of K102199 from sponsor. Sponsor provided a
download link to the submission the same day.

XVII. Recommendation

Substantially Equivalent (SE).

Regulation Number: 21 CFR 874.3300
Regulation Name: Hearing Aid
Regulatory Class: Class II
Product Code: LXB

Reviewer Date

Bgrfch Chief Date
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Dasika, Vasant

From: 
Sent: Monday, May 23, 2011 11:51 AM
To: Dasika, Vasant; jim.kasic@sophono.com
Cc: Nandkumar, Srinivas
Subject: RE: Magnets and pacemakers, lCDs
Follow Up Flag: Follow up
Flag Status: Purple
Attachments: App_3 Patient Manual_AlphaiM (V9)_R1.pdf; App_2 Physicians ManualAlphalM (V10)

R1.pdf

Hi Vasant,

As you requested, the modifications you requested have been made to both the Patient and Physician manuals.
The revised versions are attached.

Thanks for all your help and feedback!

Clay

From: Dasika, Vasant [mailto:Vasant.Dasika@fda.hhs.gov]
Sent: Monday, May 23, 2011 9:29 AM
To: '
Cc: Nandkumar, Srinivas
Subject: Magnets and pacemakers, ICDs
Importance: High

Hi Clay-

We recommend that you make the following changes to your labeling:

1) Please remove the sentence, "None of the magnets associated with the Otomag System Will
affect cardiac pacemakers as long as the magnetic parts do not directly contact the
pacemaker." from both your patient and clinician manuals.

2) Please add a warning to the patient and physician labeling that the device configurations
(both Alpha 1(S) and Alpha 1(M)) contain magnets which could impact the performance of
pacemaker or implantable cardioverter defibrillator (ICD) devices. The magnets of the
softband/headband of the Alpha 1(S) and the magnetic spacer of the Alpha 1(M) should
therefore be kept away from a pacemaker or ICD.

3) Please add a precaution to the patient and physician manual that any patient with a
pacemaker or ICD should consult their care provider for safe use of the Otomag system with
their cardiac medical device.

Please provide these revised manuals to me within 30 minutes as time is of the essence.

Thank you,
251

5/23/2011
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Vasant

Vasant K. Dasika, PhD
Biomedical Engineering Scientific Reviewer
Ear, Nose, and Throat Devices Branch
DONED/ODE/CDRH
US FDA
10903 New Hampshire Avenue
W066, Room 2443
Silver Spring, MD 20993

Phone: (301) 796-6860
Fax: (301) 847-8126

Email: Vasant.Dasikadfda.hhs.gov

THIS MESSAGE IS INTENDED ONLY FOR THE USE OF THE PARTY TO WHOM IT IS ADDRESSED AND
MAY CONTAIN INFORMATION THAT IS PRIVILEGED, CONFIDENTIAL, AND PROTECTED FROM
DISCLOSURE UNDER LAW. If you are not the addressee, or a person authorized to deliver the document to the
addressee, you are hereby notified that any review, disclosure, dissemination, copying, or other action based on
the content of this communication is not authorized. If you have received this document in error, please
immediately notify the sender immediately by e-mail or phone.

5/23/2011
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Dasika, Vasant

From: 
Sent: Friday, May 20, 2011 5:10 PM
To: Dasika, Vasant
Subject: RE: warnings and precautions in patient manual
Follow Up Flag: Follow up
Flag Status: Purple
Attachments: App_2_PhysiciansManualAlphalM (V9)_R1.pdf; App_3_Patient Manual_AlphalM (V8)

R1.pdf

Here you go.

Thanks,
Clay

From: Dasika, Vasant [mailto:Vasant.Dasika@fda.hhs.gov]
Sent: Friday, May 20, 2011 2:44 PM
To: 'Clay Anselmo'
Subject: RE: warnings and precautions in patient manual

hi Clay- A minor clarification:

Insertion of the battery

A Size 675 battery is required for your Alpha I Sound Processor.

Please go ahead and send the revised versions.

thanks,
Vasant

From: Clay Anselmo [mailto:anselmoc@reglera.com]
Sent: Friday, May 20, 2011 4:21 PM
To: Dasika, Vasant
Subject: RE: warnings and precautions in patient manual

Will do. Anything else on the manuals before I send the next versions over to you?

Thanks
Clay

From: Dasika, Vasant [mailto:Vasant.Dasika@fda.hhs.gov]
Sent: Friday, May 20, 2011 2:20 PM
To: 'Clay Anselmo'
Subject: RE: warnings and precautions in patient manual

5/23/2011
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Hi Clay- Some suggestionsthat you may consider. Please revise as you see fit.

The Alpha 1(M) version of this Bone Conduction Hearing system utilizes a metal, magnetic
implant. Patients must take care when in the proximity of devices that could influence
the implant. Devices such as security systems, metal detectors, radio frequency identification
(RFID) systems, and electronic article surveillance (EAS) system may affect or be affected by the
implant. You should avoid prolonged exposure to these systems and should not stand near, lean
on or linger in the vicinity of such devices.

From: Clay Anselmo [mailto:anselmoc@reglera.com]
Sent: Friday, May 20, 2011 4:05 PM
To: Dasika, Vasant
Subject: RE: warnings and precautions in patient manual

Hi Vasant -

Will you please review the following modifications to the Patient Warnings and Cautions to see if it addresses
your concerns. I am not sure I completely understood your second request, so please comment.

The MRI warning now reads

* Do not undergo scanning with Magnetic Resonance Imaging (MRI) if you are using an Otomag
Alpha 1 Sound Processor, Magnetic Implant, Headband, or Softband. For patients with the Alpha
1(M) magnetic implant, the implant must be removed prior to scanning.

In addition to the airport security system warning present in the manual I would propose adding the following
precaution:

* The Alpha 1(M) version of this Bone Conduction Hearing system utilizes a metal, magnetic
implant. Patients must take care when in the proximity of devices that detect or interact with
metalic implants. Devices such as security systems, metal detectors, radio frequency
identification (RFID) systems, and electronic article surveillance (EAS) system may be affected by
the presence of your magnetic implant. You should avoid prolonged exposure to these system
and should not stand near, lean on or linger in the vicinity of these devices.

Please let me know if these address your concern.

Thanks
Clay

5/23/2011
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From: Dasika, Vasant [mailto:Vasant.Dasika@fda.hhs.gov]
Sent: Friday, May 20, 2011 1:37 PM
To: 'Clay Anselmo'
Cc: jim.kasic@sophono.com; Nandkumar, Srinivas
Subject: warnings and precautions in patient manual
Importance: High

Hi Clay - Please address the following deficiencies relating to warnings and precautions in your
patient manual and send me the revised copy ASAP (by COB Eastern time today or sooner).

1) In the warning for MRI, please specifically add the implant of the Alpha 1(M) configuration
needs to be surgically explanted before undergoing an MRI, similar to the statement provided
earlier in the contraindications.

2) The current precaution concerning airport security systems does not specifically or
sufficiently address the risks associated with the implanted component of the Alpha 1(M)
configuration. Please revise/add all appropriate precautions/warnings given that a metallic,
magnetic implanted component is part of the Alpha 1(M) configuration. Please ensure that the
following are sufficiently addressed: security systems, metal detectors, RFID systems, EAS
systems, that users should not linger near or lean on metal detector and anti theft systems,
etc.

Thank you for your continued prompt attention to our requests.

Vasant

Vasant K. Dasika, PhD

Biomedical Engineering Scientific Reviewer

Ear, Nose, and Throat Devices Branch

DONED/ODE/CDRH

US FDA

10903 New Hampshire Avenue

W066, Room 2443

Silver Spring, MD 20993

Phone: (301) 796-6860

Fax: (301) 847-8126

Email: Vasant.Dasikaafda.hhs.gov

THIS MESSAGE IS INTENDED ONLY FOR THE USE OF THE PARTY TO WHOM IT IS

5/23/2011
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ADDRESSED AND MAY CONTAIN INFORMATION THAT IS PRIVILEGED, CONFIDENTIAL,
AND PROTECTED FROM DISCLOSURE UNDER LAW. If you are not the addressee, or a
person authorized to deliver the document to the addressee, you are hereby notified that any
review, disclosure, dissemination, copying, or other action based on the content of this
communication is not authorized. If you have received this document in error, please
immediately notify the sender immediately by e-mail or phone.

5/23/2011
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Dasika, Vasant

From: 
Sent: Thursday, May 19. 2011 11:23 PM

To: Dasika, Vasant

Cc: jIm.kasic@sophonocom

Subject: RE: 510(k) summary and Physician manual revisions

Attachments: FDA question EMC 4.pdf

Hi Vasant,

Attached, please find the additional information you requested regarding the Immunity Testing. I am working on the 510(k) summary and will be sending the
requested updates shortly.

Thanks,
Clay

From: Dasika, Vasant (mallto:Vasant.Dasika@fda.hhs.gov]
Sent: Thursday, May 19, 2011 3:50 PM
To: 'Clay Anselmo'
Cc: jim.kasic@sophono.com
Subject:.RE: 510(k) summary and Physician manual revisions

Hi Clay- The revised summary is more accurate.

From: Clay Anselmo Emailto:anselmoc@reglera.com]
Sent: Thursday, May 19, 2011 5:10 PM
To: Dasika, Vasant
Cc: jim.kasic@sophono.com
Subject: RE: 510(k) summary and Physician manual revisions

Hi Vasant,

I believe the attached version of the 510(k) Summary addresses both your comments and the requirements specified in the link you sent, but please take a
quick look and let me know If you need anything more.

Thanks
Clay

From: Dasika, Vasant [mailto:Vasant.Dasika@fda.hhs.gov]
Sent: Thursday, May 19, 2011 1:43 PM
To: 'Clay Anselmo'
Cc: jlm.kasic@sophono.com
Subject: RE: 510(k) summary and Physician manual revisions

hi Clay-

For the 510(k) summary, please actually include more than just a statement on the bench testing. Please describe in sufficient detail
the bench testing that was conducted to demonstrate equivalence in terms of both coupling and sound transmission. Note that the
510(k) summary is a stand alone document which should sufficiently describe the device features and testing that supports a
substantial equivalence determination.

You can send me a draft version and I can take a look.

Best,
Vasant

ps. Please refer to the following guidance regarding what information to minimally include in the summary (and conclusions section):

h5/0t/2pfd0 cQga d w o Pum o4Z0ihtm

5/20/201 1
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Dasika, Vasant

From: Clay Anselmo [anselmoc@reglera.com]
Sent: Thursday, May 19, 2011 3:32 PM
To: Dasika, Vasant
Cc: jim.kasic@sophono.com
Subject: RE: 510(k) summary and Physician manual revisions
Attachments: App_2_Physicians_ManualAlphal M (VB)_R1.pdf

Hi Vasant,

Attached is the revised Physician's Manual as you requested. The Symbol for Latex Free and the corresponding
row in that table has been removed. The statement regarding the product containing no natural rubber latex
remains on page 20 of the Physician Manual and in two locations in the Patient Manual. Please confirm that this
is correct.

I will be working on the 510(k) summary now.

Thanks,
Clay

From: Dasika, Vasant [mailto:Vasant.Dasika@fda.hhs.gov]
Sent: Thursday, May 19, 2011 1:10 PM
To: 'Clay Anselmo'
Cc: jim.kasic@sophono.com; Nandkumar, Srinivas
Subject: 510(k) summary and Physician manual revisions
Importance: High

Hi Clay-

Please address the following points in your 510(k) summary and physician manual. Please
provide revised versions of these materials to me by 12 PM Eastern time on Friday May 20,
2011. Please also provide to me the EMC testing clarification that we had requested by
tomorrow 10 AM Eastern time at the very latest.

Regards,

Vasant

510(k) Summary:

5/20/2011
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Physician Manual:

Please remove the "latex-free" symbol from p. 8. We request this change because there is no
testing that can currently confirm the latex-free claim. The current text, "product contains no
natural rubber latex" acceptably communicates that there is no latex in the raw materials and that
no latex is added during the manufacturing process. Please ensure that you have records on file
to support this statement.

Vasant K. Dasika, PhD

Biomedical Engineering Scientific Reviewer

Ear, Nose, and Throat Devices Branch

DONED/ODE/CDRH

US FDA

10903 New Hampshire Avenue

W066, Room 2443

5/20/2011
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Dasika, Vasant

From: 
Sent: Thursday, May 19, 2011 11:40 AM
To: Dasika, Vasant
Cc: jim.kasic@sophono.com
Subject: RE: Al Response Submitted

Hi Vasant,

Does this adequately answer your question? The immunity data is coming your way shortly.

Thanks,
Clay

From: Dasika, Vasant [mailto:Vasant.Dasika@fda.hhs.gov]
Sent: Wednesday, May 18, 2011 10:13 AM
To: 'Clay Anselmo'
Cc: jim.kasic@sophono.com
Subject: RE: AI Response Submitted

It also looks like revision of your 510(k) summary will likely be necessary. I will contact you
shortly with specific items and will appreciate your prompt attention to these requests.

Regards,
5 /

5/20/2011
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Vasant

From: Clay Anselmo [mailto:anselmoc@reglera.com]
Sent: Thursday, May 12, 2011 11:12 AM
To: Dasika, Vasant
Subject: RE: Al Response Submitted

Hi Vasant,

I tried to compress the file, so let's see if this goes through as a single document before I tried to split it up.
Please let me know if you get this.

Thanks,
Clay

From: Dasika, Vasant [mailto:Vasant.Dasika@fda.hhs.gov]
Sent: Wednesday, May 11, 2011 6:55 PM
To: 'Clay Anselmo'
Cc: jim.kasic@sophono.com
Subject: RE: AI Response Submitted
Importance: High

Hi Clay- Thank you for your e-mail. Unfortunately I was unable to access the yousendit link (may be due to a
firewall issue). Could you please e-mail the submission to me in parts with each part as large a file as your mail
system permits? I believe that the mail system on my end permits receipt of large attachments (>20 MB).

Regards,
Vasant

From: Clay Anselmo [mailto:anselmoc@reglera.com]
Sent: Wednesday, May 11, 2011 4:05 PM
To: Dasika, Vasant
Cc: jim.kasic@sophono.com
Subject: Al Response Submitted

Hi Vasant,

Our response went to the Document Mail Center via Fed-X today. I uploaded an electronic copy for you via
YOUSENDIT. You should be receiving an email with a link to download very shortly. I just wanted to say thank
you again for all the interactions on this submission. You have been very helpful.

Thanks
Clay.

Clay Anselmo
President and CEO
Reglera LLC
(303) 2234303 (Direct)
(303) 832-6700 (Fax)
(303) 907-2955 (Cell)

5/20/2011
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Dasika, Vasant

From: Clay Anselmo [anselmoc@reglera.com]

Sent: Monday, April 25, 2011 5:04 AM
To: Dasika, Vasant

Cc: jim.kasic@sophono.com

Subject: Draft Jan 20, 2011 Al Response

Flag Status: Purple

Attachments: App_2_Physicians_Manual AlphalM (V7) R2.pdf; App 3 Patient ManualAlphalM (V7)
R2.pdf; Sophono_510k_ Al3 Response.doc

Hi Vasant,

We really appreciate your willingness to work with us. Any comments! suggestions you have would be much
appreciated.

Thanks,
Clay

Clay Anselmo
President and CEO
Reglera LLC
(303) 223-4303 (Direct)
(303) 832-6700 (Fax)
(303) 907-2955 (Cell)

5/20/2011
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Dasika, Vasant

From: Clay Anselmo [anselmoc@reglera.com
Sent: Wednesday, April 20, 2011 1:00 PM
To: Dasika, Vasant

Subject: RE: K102199 follow up after teleconference

Will do.

Thanks,
Clay

From: Dasika, Vasant [mailto:Vasant.Dasika@fda.hhs.gov]
Sent: Wednesday, April 20, 2011 10:59 AM
To: 'Clay Anselmo'
Cc: Nandkumar, Srinivas; jim.kasic@sophono.com
Subject: RE: K102199 follow up after teleconference

Hi Clay- Thank you for your e-mail. We have an additional request, when you provide the
bench testing results as part of your complete response, please be sure to provide sufficiently
detailed pictures and diagrams illustrating the test setup and test apparatus.

thanks,
Vasant

From: Clay Anselmo [mailto:anselmoc@reglera.com]
Sent: Monday, April 18, 2011 9:20 PM
To: Dasika, Vasant
Cc: Nandkumar, Srinivas; jim.kasic@sophono.com
Subject: RE: K102199 follow up after teleconference

Hi Vasant,

I wanted to say thanks again for your time this morning. We really appreciate your willingness to work with us
on this 510(k). Based on our conversation, please see our response to your informal questions. We are moving
forward with the testing with these modifications and should be complete by the end of the week.

Q1- We agree with your comments and will modify the acceptance criteria for the protocol as suggested.

Q2 

Q3 -

53
5/20/2011
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04 -The protocol contained a typo in sections 9.9 and 9.12 as you note. The protocol is being corrected for
each of these configurations to read simply "spring force".

Sincerely,
Clay Anselmo

Clay Anselmo
President and CEO
Reglera LLC
(303) 223-4303 (Direct)
(303) 8326700 (Fax)
(303) 907-2955 (Cell)

From: Dasika, Vasant [mailto:Vasant.Dasika@fda.hhs.gov]
Sent: Thursday, April 14, 2011 10:17 AM
To: 'Clay Anselmo'
Cc: Nandkumar, Srinivas; jim.kasic@sophono.com
Subject: RE: K102199 follow up after teleconference
Importance: High

hi Clay,

We have reviewed your March 3, 2011 responses to our February 22, 2011 teleconference
followup questions. The following four informal comments relate to document 

Regards,
Vasant

1. In 7.2, you state,

5/20/2011
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3.

4.

Vasant K. Dasika, PhD

Biomedical Engineering Scientific Reviewer

Ear, Nose, and Throat Devices Branch

DONED/ODE/CDRH

US FDA

10903 New Hampshire Avenue

W066, Room 2443

Silver Spring, MD 20993

Phone: (301) 796-6860

Fax: (301) 847-8126

Email: Vasant.Dasika(alfda.hhs.gov

THIS MESSAGE IS INTENDED ONIN FOR THE USE OF THE PARTY TO WHOM IT IS
ADDRESSED AND MAY CONTAIN INFORMATION THAT IS PRIVILEGED, CONFIDENTIAL,
AND PROTECTED FROM DISCLOSURE UNDER LAW. If you are not the addressee, or a
person authorized to deliver the document to the addressee, you are hereby notified that any
review, disclosure, dissemination, copying, or other action based on the content of this
communication is not authorized. If you have received this document in error, please
immediately notify the sender immediately by e-mail or phone.

From: Clay Anselmo [mailto:anselmoc@reglera.com]
Sent: Thursday, March 03, 2011 8:16 PM
To: Dasika, Vasant
Cc: Jim Kasic

5/20/2011
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Subject: RE: K102199 follow up after teleconference

Dear Vasant,

Thanks for all your helpl
Best Regards,
Clay -

Clay Anselmo
President and CEO
Reglera LLC
(303) 223-4303 (Direct)
(303) 832-6700 (Fax)
(303) 907-2955 (Coll)

From: Dasika, Vasant [mailto:Vasant.Dasika@fda.hhs.gov]
Sent: Tuesday, February 22, 2011 12:58 PM
To: anselmoc@reglera.com
Cc: jim.kasic@sophono.com;Nandkumar, Srinivas
Subject: K102199 follow up after teleconference
Importance: High

Hi Clay,

Following our February 15, 2011 tdleconference, please address the following points:

1

2)

3)

Please also add the following deficiency to the list specified in our January 20, 2011 request-
for-additional-information letter. When you respond to that letter, please address the below
deficiency in addition to all of the deficiencies specified in the letter.

5/20/2011
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In summary, please respond as soon as possible to items 1 to 3 listed above (these items
follow from our teleconference). For the additional deficiency concerning EMC and electrical
safety, please provide your response when you respond to our January 20, 2011 letter.

Please contact me if you have any questions.

Kind Regards,
Vasant

Vasant K. Dasika, PhD
Biomedical Engineering Scientific Reviewer
Ear, Nose, and Throat Devices Branch
DONED/ODE/CDRH
US FDA
10903 New Hampshire Avenue
W066, Room 2443
Silver Spring, MD 20993

Phone: (301) 796-6860
Fax: (301) 847-8126

Email: Vasant.Dasika(afda.hhs.gov

THIS MESSAGE IS INTENDED ONLY FOR THE USE OF THE PARTY TO WHOM IT IS ADDRESSED AND
MAY CONTAIN INFORMATION THAT IS PRIVILEGED, CONFIDENTIAL, AND PROTECTED FROM
DISCLOSURE UNDER LAW. If you are not the addressee, or a person authorized to deliver the document to the
addressee, you are hereby notified that any review, disclosure, dissemination, copying, or other action based on
the content of this communication is not authorized. If you have received this document in error, please
immediately notify the sender immediately by e-mail or phone.

5/20/2011
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Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Agenda for Feb 15, 2011 teleconference

(b)(4)

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Dasika, Vasant

From: Clupper, Daniel C
t: Friday, May 20, 2011 12:31 PM

10. Dasika, Vasant
Subject: RE: K102199/S002 Sophono lead review memo and SE decision

Vasant,
This is reasonable.
Thanks,
Dan

From: Dasika, Vasant
Sent: Friday, May 20, 2011 12:09 PM
To: Nandkumar, Srinivas; Khan, Anjum; Gupper, Daniel C
Subject: K102199/S002 Sophono lead review memo and SE decision
Importance: High

Hi- Attached please find the lead review memo for Sophono. It is basically ready and I am in the process of double
checking and documenting the contact history. Angie/Dan, to make sure all our bases our covered, could you both please
take a look at the deficiencies below in the memo and the reviewer comments to make sure the justification is reasonable?
Please then provide any edits to me or your confirmation. You have both previously reviewed the key information
interactively, but I just want everything documented in the lead review memo for the record.

Also if you have any comments on the attached 510(k) summary, please let me know.

Nandu- Please review also; I will be in within the hour to print and package the file.

,ie - Deficiencies 1, 2, 4, 6, 7b (deficiencies start on page 11).

Dan - Deficiencies 1, 3, 4, 5

Thanks!
Vasant << File: K102199 5002 Lead Review memo.doc >> << File: 510(k) Summary (V7) DRAFT.pdf >>

Vasant K. Dasika, PhD
Biomedical Engineering Scientific Reviewer
Ear, Nose, and Throat Devices Branch
DONED/ODE/CDRH
US FDA
10903 New Hampshire Avenue V
W066, Room 2443
Silver Spring, MD 20993

Phone: (301) 796-6860
Fax: (301) 847-8126

Email: Vasant.Dasika@fda.hhs.gov

THIS MESSAGE IS INTENDED ONLY FOR THE USE OF THE PARTY TO WHOM IT IS ADDRESSED AND
'Y CONTAIN INFORMATION THAT IS PRIVILEGED, CONFIDENTIAL, AND PROTECTED FROM
0CLOSURE UNDER LAW. If you are not the addressee, or a person authorized to deliver the document to

the addressee, you are hereby notified that any review, disclosure, dissemination, copying, or other action
based on the content of this communication is not authorized. If you have received this document in error,

1
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Dasika, Vasant

From: Clupper, Daniel C
Sent: Friday, May 20, 2011 11:40 AM
To: Dasika, Vasant
Subject: RE: K102199/S002 manufacturing question

Vasant,

That's adequate. 

Thanks,
Dan

From: Dasika, Vasant
Sent: Friday, May 20, 2011 11:31 AM
To: Clupper, Daniel C
Subject: FW: K102199/S002 manufacturing question

hi Dan- Please see the sponsor's response below.
thanks,
Vasant

From: Clay Anselmo [mailto:anselmoc@reglera.com]
Sent: Friday, May 20, 2011 11:29 AM
To: Dasika, Vasant
Subject: RE: K102199/S002 manufacturing question

Vasant,

Thanks
Clay

From: Dasika, Vasant [mailto:Vasant.Dasika@fda.hhs.gov]
Sent: Friday, May 20, 2011 9:06 AM
To: 'Clay Anselmo'
Cc: jim.kasic@sophono.com
Subject: K102199/S002 manufacturing question
Importance: High

Hi Clay- Could you please answer the following question ASAP?

Thanks,
Vasant

500
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IK102199 / 002 Sophono Otomag Hone Conduction System Alpha (M)

DEPARTMENT OF HEALTH & HUMAN SERVICES

Food and Drug Administration
ODE / DONED / ENTB
W066 Rm 2574
10903 New Hampshire Avenue
Silver Spring, MD 20993-0002

TO: Vasant Dasika, PhD - team leader 6ggP
FROM: Susan Rudy, MSN, CRNP, CORLN 5

Nurse Consultant and Family Nurse Practitioner, ENTB

DATE: 5/19/2011

RE: K102199 / S002 Sophono Otomag Bone Conduction System Alpha 1(M)
Sterility / Labeling review of May 10, 2011 responses to FDA Deficiencies

RECOMMENDATION: SE after a final labeling change

History:

I have provided all sterility reviews for this file, the original, SOOI and SI/Al.

Disposition of Sterility / Labeline -related Deficiency Responses

Deferred to other reviewers:

#8a - Validation for functionality after repeated cycles of steam sterilization - or change in labeling.
Engineering is needed for validation data in Appendix 1.

Fully accepted:

#8b - Labeling change to specify storage of sterilized implant in sterilization pouch (not screw-top
cylinder).
#9 - Labeling change to use chemical indicator compatible with sterilization cycle parameters.
#10 Labeling change for hospital disinfectant wipe language
#11 Labeling change from "primary care physician" to "hearing health specialists."
#12 Labeling change to include a master list of warnings and precautions at the beginning of the
document
#13 Labeling change to include 510(k) numbers for self-tapping screws

Appendix 2, Physician Manual, begins on ecopy p. 38

Review of the manual confirms that the changes agreed upon were made.

The Sponsor should spell check the Physician manual as. it contains errors e.g., Magentic instead of
magnetic (p.4).

Page 1 of 2

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



K102199 / S002 Sophono Otomag Bone Conduction System Alpha 1(M)

The "latex-free" symbol should be removed from p. 8. Current Agency thinking is that the symbol is
misleading because there is currently no testing that can confirm the latex-free claim. The current
text, "product contains no natural rubber latex" is acceptable to communicate that there is no latex in
the raw materials and no latex is added during the manufacturing process, if you have records on file
to support the statement.

103
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Dasika, Vasant

From: Peng, Shu-Chen
Sent: Monday, April 11, 2011 2:27 PM
To: Dasika, Vasant
Subject: RE: K102199/SO01 Sophono: FW: K102199 follow up after teleconference

Hi Vasant,

Thanks,

Shu-Chen

From: Dasika, Vasant
Sent: Monday, March 21, 2011 12:58 PM
To: Peng, Shu-Chen
Subject: K102199/SOOI Sophono : FW: K102199 follow up after teleconference

hi Shu-Chen- PIs see below mail and attachment for what to look at from an audiological perspective.

cYI, Here is Angie's minor clinical deficiency per her review of the European clinical data:

Please contact me with questions. We can discuss tomorrow.

Thanks!
Vasant

From: Dasika, Vasant
Sent: Friday, March 04, 2011 4:56 PM
To: Khan, Anjum; Peng, Shu-Chen; Clupper, Daniel C
Cc: Nandkumar, Srinivas
Subject: FW: K102199 follow up after teleconference

Hi- Sophono provides their response to our follow-up requests post the teleconference.

The responses require review as follows:

5/20/2011
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(b)(4)
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#1, Appendix 2, Dasika will review and check in with Clupper as needed.

#2, Discussion about European data and Appendix 2- Khan and Peng, as response contains
both clinical and audiological information.

#3, Clupper, can check in with Dasika as needed.

Thanks!
Vasant

Vasant K. Dasika, PhD

Biomedical Engineering Scientific Reviewer

Ear, Nose, and Throat Devices Branch

DONED/ODE/CDRH

US FDA

10903 New Hampshire Avenue

WO66, Room 2443

Silver Spring, MD 20993

Phone: (301) 796-5365

Fax: (301) 847-8126

Email: Vasant.Dasika@fda.hhs.gov

THIS MESSAGE IS INTENDED ONLY FOR THE USE OF THE PARTY TO WHOM IT IS
ADDRESSED AND MAY CONTAIN INFORMATION THAT IS PRIVILEGED, CONFIDENTIAL,
AND PROTECTED FROM DISCLOSURE UNDER LAW. If you are not the addressee, or a
person authorized to deliver the document to the addressee, you are hereby notified that any
review, disclosure, dissemination, copying, or other action based on the content of this
communication is not authorized. If you have received this document in error, please
immediately notify the sender immediately by e-mail or phone.

5/20/2011

(b)(4)
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Dasika, Vasant

From: Clupper, Daniel C
t: Friday, March 25, 2011 3:47 PM

Dasika, Vasant
Subject: K102199

Attachments: K102199 - March 3_Materials Sci & Engr Review.doc

Vasant,

Comments for K102199 are attached.

Thanks,
Dan

K102199 -
3_Material

Daniel C. Clupper, Ph.D.
Biomedical Engineer
ENT Devices Branch
DONED/ODE/CDRH

'1) 796-5620

THIS MESSAGE IS INTENDED ONLY FOR THE USE OF THE PARTY TO WHOM IT IS ADDRESSED AND MAY
CONTAIN INFORMATION THAT IS PRIVILEGED, CONFIDENTIAL, AND PROTECTED FROM DISCLOSURE
UNDER LAW. If you are not the addressee, or a person authorized to deliver the document to the
addressee, you are hereby notified that any review, disclosure, dissemination, copying, or other action
based on the content of this communication is not authorized. If you have received this document in error,
please immediately notify the sender immediately by e-mail or phone.
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K102199 - Materials Science and Engineering Review

To: Vasant K. Dasika, Ph.D.
Team Leader, DONED/ENTB

From: Daniel C. Clupper, Ph.D.
Biomedical Engineer, DONED/ENTB

Date: March 25, 2011

Device: Otomag (Sophono, Inc.)

Question 3 from Sophono's letter dated March 3, 2011 is the subject of this review.

Question 3: 

K102199 - March 3, 2011 letter Page 1 of 3

(b)(4)
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(0.013Kg) can easily be converted into an acceleration force required to dislodge the processor as
follows:

K102199 -March 3, 2011 letter Page 2 of 3 lo

(b)(4)
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Daniel C Clupper, Ph.D.
Biomedical Engineer
DONED/ENTB

K 102199 - March 3, 2011 letter Page 3 of 3
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Dasika, Vasant

From: Khan, Anjum
Sent: Thursday, March 24, 2011 4:25 PM
To: Dasika, Vasant
Subject: RE: K102199 Sophono response to clinical interactive deficiency

Vasant, I am ok with this information. I do not have any further questions for them. Thanks, Angie

From: Dasika, Vasant
Sent: Wednesday, March 23, 2011 4:15 PM
To: Khan, Anjum
Subject: K102199 Sophono response to clinical interactive deficiency

Hi Angie-

This e-mail response just arrived from Sophono. Your original question follows the response.
Whenever you have a few minutes, please review the response and let me know if it is acceptable or
if additional information is needed.

Thanks!

Vasant

Hello Vasant,

From: Dasika, Vasant rmailto:Vasant.Dasikacfda.hhs.qov]
Sent: Monday, March 21, 2011 11:29 AM
To: anselmoc@reglera.com

110
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Cc: jim.kasic@sophono.com
Subject: RE: K102199 follow up after teleconference

Hi Clay,

Please address the following:

In your response to item 2 of our February 22, 2011 interactive request for additional information, you

Kind Regards,

Vasant

Vasant K. Dasika, PhD

Biomedical Engineering Scientific Reviewer

Ear, Nose, and Throat Devices Branch

DONED/ODE/CDRH

US FDA

10903 New Hampshire Avenue

W066, Room 2443

Silver Spring, MD 20993

Phone: (301) 796-6860

Fax: (301) 847-8126

Email: Vasant.Dasika@fda.hhs.gov

THIS MESSAGE IS INTENDED ONLY FOR THE USE OF THE PARTY TO WHOM IT IS ADDRESSED AND MAY
CONTAIN INFORMATION THAT IS PRIVILEGED, CONFIDENTIAL, AND PROTECTED FROM DISCLOSURE UNDER
LAW. If you are not the addressee, or a person authorized to deliver the document to the addressee, you are hereby
notified that any review, disclosure, dissemination, copying, or other action based on the content of this communication is
not authorized. If you have received this document in error, please immediately notify the sender immediately by e-mail or
phone.

2
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Sophono Otomag Bone Conduction
K102199
Sophono

510 (k) REVIEW (Kl02199)
(Response to Additional Information Request)

Date: 03-13-11

To: Vasant Dasika, PhD
Engineering Reviewer, ENTB/DONED/ODE

From: Anjum Khan, M.D., MPH
Medical Officer, ENTB/DONED/ODE

Cc: Srinivas Nandkumar, M.D., Ph.D.
Branch Chief ENTB/DONED/ODE

Subject: Otomag Bone Conduction Hearing System

Purpose:

This is a review of response from the sponsor following a conference call requesting
clinical information in addition to other requests. My review is limited to evaluation of
Sponsor's Response to Question #2 (Appendix 2).

Question 2:

1

(b)(4)
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Sophono Otomag Bone Conduction
K102199
Sophono
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Sophono Otomag Bone Conduction
K102199
Sophono
Patient Population and Demographics:

3 
i
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Sophono Otomag Bone Conduction
K102199
Sophono

4

(b)(4)

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Sophono Otomag Bone Conduction
K102199
Sophono
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Dasika, Vasant

From: Clay Anselmo [anselmoc@reglera.com]
Sent: Thursday, March 03, 2011 8:16 PM
To: Dasika, Vasant
Cc: Jim Kasic
Subject: RE: K102199 follow up after teleconference
Follow Up Flag: Follow up
Flag Status: Purple
Attachments: Sophono_510k_ A13_SuplResponse.pdf

Dear Vasant,

The attached document contains our response to the 3 questions posed in the email below. Please don't hesitate
to call or email if you have questions related to this information.

Thanks for all your help!

Best Regards,

Clay

Clay Anselmo
President and CEO
Reglera LLC
(303) 223.4303 (Direct)
(303) 832.6700 (Fox)
(303) 907-2955 (Cell)

From: Dasika, Vasant [mailto:Vasant.Dasika@fda.hhs.gov]
Sent: Tuesday, February 22, 2011 12:58 PM
To: anselmoc@reglera.com
Cc: jim.kasic@sophono.com;Nandkumar, Srinivas
Subject: K102199 follow up after teleconference
Importance: High

Hi Clay,

Following our February 15, 2011 teleconference, please address the following points:

1) Please provide your proposed protocol for bench testing of the complete device system
(including the implant).

2) Please provide a complete summary of the (European) clinical data that you referenced

5/20/2011
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during our teleconference.

3

Please also add the following deficiency to the list specified in our January 20, 2011 request-
for-additional-information letter. When you respond to that letter, please address the below
deficiency in addition to all of the deficiencies specified in the letter.

Please contact me if you have any questions.

Kind Regards,
Vasant

Vasant K. Dasika, PhD
Biomedical Engineering Scientific Reviewer
Ear, Nose, and Throat Devices Branch
DONED/ODE/CDRH
US FDA
10903 New Hampshire Avenue
W066, Room 2443
Silver Spring, MD 20993

Phone: (301) 796-6860
Fax: (301) 847-8126

Email: Vasant.Dasika@fda.hhs.gov

THIS MESSAGE IS INTENDED ONLY FOR THE USE OF THE PARTY TO WHOM IT IS ADDRESSED AND
MAY CONTAIN INFORMATION THAT IS PRIVILEGED, CONFIDENTIAL, AND PROTECTED FROM
DISCLOSURE UNDER LAW. If you are not the addressee, or a person authorized to deliver the document to the
addressee, you are hereby notified that any review, disclosure, dissemination, copying, or other action based on
the content of this communication is not authorized. If you have received this document in error, please

5/20/2011

(b)(4)

(b)(4)

(b)(4)
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immediately notify the sender immediately by e-mail or phone.

5/20/2011
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Sophono
March 3, 2011

Food and Drug Administration
Center for Devices and Radiological Health
Document Mail Center - W066-G609
10903 New Hampshire Avenue
Silver Spring, MD 20993-0002
Room 2443

Attn: Vasant K. Dasika, PhD
Email: Vasant.Dasika(afda.hhs.qov

Biomedical Engineering Scientific Reviewer
Ear, Nose, and Throat Devices Branch
DONEDIODEICDRH
US FDA

RE: K102199 - Sophono Otomag Bone Conduction Hearing System
Request for Additional Information dated September 23, 2010

510(k) Applicant1 Manufactured by: 510(k) Contact / Submission Correspondent:
Jim Kasic Clay Anselmo
President and CEO Reglera LLC
Sophono Inc. 555 Zang Street
3022 Sterling Cr, Lakewood, CO 80228 USA
Boulder, CO 80301 Phone (Mobile): 303-907-2955

Fax: 303-832-6700
Email: anselmoc@reglera.com

Dear Dr. Dasika,

We received FDA's email request for additional information from February 22, 2011 in response to the
conference call held on February 15, 2011. To address the requests for additional information in this email,
we are providing the following information in response for your review.

The attached information reflects our response to the 3 requests presented in this email. In addition, we have
added FDA's request for immunity testing per IEC 60601-1-2 for the Alpha 1(M) configuration of the device to
the Al request sent to Sophono on January 20, 2011.

If you have any questions or if further information is needed, please feel free to contact me at any time using the
contactinformation contained above. We greatly appreciate your time and attention to this matter.

Sincerely,

Submission Correspondent
Reglera LLC.

cc: Jim Kasic., Sophono Inc.

17,0
Page 1 of 15
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Sophono 510(k) K102199 - Request for Additional Information

Question 1: Please provide your proposed protocol for bench testing of the complete device system
(including the implant).

Response 1: As requested, a draft Protocol outlining the planned approach for performance testing the
complete Alpha 1(M) device is included in Appendix 1 to this response. This protocol
defines and compares three different device configurations for the purpose of
demonstrating that the magnetic implant and the generation of retention force via
magnetic field does not adversely affect the performance of the device when compared to
the Alpha 1(S) configuration of the device.

Question 2: Please provide a complete summary of the (European) clinical data that you referenced
during our teleconference.

Page 2 of 15
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Sophono 510(k) KI 02199 - Request for Additional Information

Question 3: 

Response 3: 

Page 3 of 15
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Sophono 510(k) K102199 - Request for Additional Information

Pez3
Page 4 of 15
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Sophono 510(k) K102199 - Request for Additional Information.

Index of Appendices
Appendix 1 - , Vibration Transfer Comparative Study -

Appendix 2 - Summary of Available European Clinical Data

P2a
Page 5 of 15

(b)(4) (b)(4)

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Sophono 510(k) K102199 - Request for Additional Information

Appendix 1

Page 6 of 15
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Food and Drug Administration
Office of Device Evaluation &

C O E Office of In Vitro Diagnostics
COVER SHEET MEMORANDUM

From: Reviewer Name
Subject: 510(k) Number \ s
To:. The Record

Please list CTS decision code
Ol Refused to accept (Note: this is considered the first review cycle, See Screening Checklist

http://eroom.fda.aov/eRoomRep/Files/CDRH3/CDRHPremarketNotification5lOkProgram/0 5631/Screenin%2OChecklist%207%
202%2007.doc)

c old Additional Information o pHone
O Final Decision (SE, SE with Limitations, NSE, Withdrawn, etc.).

Please complete the following for a final clearance decision (i.e., SE, SE with Limitations, etc.):
Indications for Use Page Attach /FU
510(k) Summary /510(k) Statement Attach Summary
Truthful and Accurate Statement. Must be present for a Final Decision
Is the device Class IlIl?
If yes, does firm include Class Ill Summary? i Must be present for a Final Decision
Does firm reference standards?

(If yes, please attach form from http://www.fda.gov/opacom/morechoices/fdaforms/FDA-
3654.pdf)

Is this a combination product?
(Please specify category _ see
htto://eroom.fda.oov/eRoomReolFiles/CDRH3/CDRHPremarketNotification510 kProaram/0 .413blCOMBINATION%20PRODUCT%20ALGORITHM%20(REVISED%2o312

0 3)DOC
i this a reprocessed single use device?

(Guidance for industry and FDA Staff - MDUFMA -Validation Data in 510(k)s for
Reparocessed Single-Use Medical Devices, http://www.fda.qov/cdrh/ode/Quidance/1216.html) --

Is this device intended for pediatric use only?
Is this a prescription device? (if both prescription & OTC, check both boxes.)
Did the application include a completed FORM FDA 3674, Certification with Requirements of
ClinicalTrials.gov Data Bank?
Is clinical data necessary to support the review of this 510(k)?
Did the application include a completed FORM FDA 3674, Certification with Requirements of
ClinicalTrials.gov Data Bank?
(if not, then applicant must be contacted to obtain completed form.)
Does this device include an Animal Tissue Source?
All Pediatric Patients age<=21

Neonate/Newborn (Birth to 28 days)

Infant (29 days -< 2 years old)

Child (2 years -< 12 years old)

Adolescent (12 years -< 18 years old)

Transitional Adolescent A (18 - <21 years old) Special consideratiohs are being given to this
group, different from-adults age 21 (differeht device design or testing, different protocol
procedures, etc.)

Rev. 7/2/07
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Transitional Adolescent B (18 -< 21; No special considerations compared to adults => 21 years
old)

Nanotechnology

Is this device subject to the Tracking Regulation? (Medical Device Tracking Contact OC.
Guidance, http://www.fda.gov/cdrh/complauidance/169.htmi)

Regulation Number Class* Product Code

(*If unclassified, see 510(k) Staff)
Additional Product Codes:_I

Review:
(Branch Chief) - (Branch Code) (Date

Final Review:
(Division Director) (Date)

Lt 40
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510(k) "SUBSTANTIAL EQUIVALENCE"
DECISION-MAKING PROCESS

New Device is Compared to
Marketed Device

Descriptive Information Does New Device.Have Same NO Do the Differences Alter the intended ally
about New or Marketed Indication Statemeni? I Therapeutic/Diagnostic/etc. Effect YES Equivalem DeterminationDevice Requested as Needed (in Deciding, May Consider Impact on

YES Safety and Effectiveness)?**

New Device Has Same Intended NO N
Use and May be "Substantially Equivalent" 

New Devic. 3NwDevice Has O
New Intended Use

Does New Device Have Same
Technological Characteristics, NO Could theNew
e.g. Design, Materials, etc.? - - Characteristics Do the New Characteristics

YES Affect Safety or Raise New Types of Safety
7 EtTectiveness? or Effectiveness Questions?**

NO Are the Descriptive NO
Characteristics.Precise Enough NO

to Ensure Equivalencel I

NO
- Are Performance Data Do Accepted'Scientific
Available to Asses Equivalence?*" YES Methods Exist for

Assessing Effects of NO
the New Clharacteristics?

YES
YES

Performane Are Performance Data Available NO
Data Required To Assess Effects of New

Characteristics?***

YES

Performance Data Demonstrate Performance Data Demonstrate
Equivalence? I( Equivalence?

INO YES 
YES NO

"Substantially Equivalent"
To Determination To

+ 510(k) Submissions compare new devices to marketed devices. FDA requests additional information if the relationship between
marketed and "predicate" (pre-Amendhnents or reclassified post-Amendments) devices is unclear.

++ * This decision is normally based on descriptive informatioialone.but limited testing information is sometimes required.

Data maybe in the 510(k), other 510(k)s, the Center's classification files, or the literature.
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DEPARTMENT OF HEALTH AND HUMAN SERVICES MEMORANDUM

Food and Drug Administration
Office of Device Evaluation
9200 Corporate Boulevard

Rockville, MD 20850

Premarket Notification [510(k)] Review
Traditional/Abbreviated

K102199S001

Date: January 20, 2010
To: The Record Office: ODE
From: Vasant K. Dasika, Ph.D. Division: DONED

510(k) Holder: Sophono, Inc.
Device Name: Otomag Bone Conduction Hearing System
Contact: Clay Anselmo, President and CEO, Reglera LLC
Phone: 303-2234303
Fax:
Email: anselmoc@reglera.com

Recommendation: Telephone Hold
Major deficiencies

* No clinical performance data were provided. The sponsor's justification for using bench testing in
lieu of clinical performance data is unacceptable as the bench testing does not validate realistic in
vivo use nor take into account the implant.

* Safe and effective coupling forces of magnets have not been shown. Sponsor's justification for
safe coupling strengths. depends on extrapolated references. It is unclear that

All review team members from either cycle are listed below.

Review Team
Vasant Dasika, Ph.D. Lead Reviewer & Electrical Engineering
Angie Khan, M.D. Clinical#
Frank Curto, M.D. Clinical*
Sue Rudy Sterility
Shu-Chen Peng, Ph.D. Audiology
Jim Kane, Ph.D. Audiology*
Daniel Clupper, Ph.D. Materials Science & Mechanical Engineering
Vasant Maishet, Ph.D. Biocompatibility**
Eric Mann, M.D., Ph.D. Clinical Deputy Director, DONED***
Nandu Nandkumar, Ph.D. Branch Chief, ENTB***

*no review memo was requested from Dr. Kane. The Lead Reviewer discussed with Dr. Kane this
submission (S001) and Dr. Kane recommends that a clinical study is conducted. Dr Kane also edited the
hold letter that was e-mailed to the sponsor on January 20, 2011. Also, no review memo was requested
from Dr. Curto. During discussion with both Dr. Khan and the Lead Reviewer, Dr. Curto recommended
that a clinical study be conducted given potential concerns about skin damage and necrosis.

**Dr. Malshet finds the biocompatibility information acceptable from the original submission; thus no
review memo is provided from Dr. Malshet for S001.
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***In discussion, Drs. Mann and Nandkumar have recommended the need for a clinical study to support
the safety and efficacy of the Alpha 1(M) configuration of the device, which contains a new implant.

#Although Dr. Khan's review memo of S001 does not state additional concerns, Dr. Khan has reviewed
the Deficiency letter of January 20, 2011 and agrees with contents.

I. Purpose and Submission Summary

The 510(k) holder would like to introduce a modified Otomag Bone Conduction Hearing System into
interstate commerce.

The modification "adds a new configuration into the Otomag Bone Conduction Hearing System family.
The new configuration (Alpha 1(M)) uses an implantable magnet as a fixation system for the sound
processor instead of a headband or softband as was used in the prior version of the device cleared
under K100193 - Otomag Bone Conduction Hearing System - May 18, 2010."

II. Administrative Requirements

Indications for Use page (Indicate if: Prescription or OTC) X

Truthful and Accuracy Statement X

510(k) Summary or 510(k) Statement X

Standards Form X

Ill. Device Description

Is the device life-supporting or life sustaining? J X

Is the device an implant (implanted longer than 30 days)? X

Does the device design use software? X

Is the device sterile? X

Is the device reusable (not reprocessed single use)? X X
Are "cleaning" instructions included for the end user? X

The following device description is excerpted from the review memos of Drs. Clupper and Khan:

Description of the Osseointegrated Alpha 1 (M) Configuration (p. 13-4; 41 of 192 of K102199)
In the Alpha 1(M) configuration, the Alpha 1 Sound Processor is used with an Otomag Osseointegrated
Magnetic Implant (similar to cochlear implant magnets) and a plastic magnetic spacer. The plastic
magnetic spacers are equipped with magnets encapsulated by Fotoplast (plastic) materials. Figure 1
below shows the details of the configuration; Figure 2 shows the magnetic spacer in isolation; Figure 3
shows the sound processor attached to the spacer.

For the Alpha 1(M) configuration, the same metal disc used in the Alpha 1(S) configuration is used to
attach the sound processor to plastic magnetic spacer. The magnets within the plastic magnetic spacer
are then additionally used to secure the external assembly (sound processor and spacer) to the magnetic
implant across the patient's skin.
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To ensure that appropriate pressure is applied between the sound processor and the patient's skin /
bone, various strengths of magnetic spacers are available 

Alpha 1 extemnal
audio processor

screws

Magnetic Spacer

Magnetic Implant

Figure 1. Alpha 1(M) configuration.

Figure 2. Magnetic spacer in Alpha 1(M) configuration.

Figure 3. Sound processor with metal disc attached to magnetic spacer.

The magnetic implant is screwed to the skull with Stryker self-tapping titanium facial plating screws. The
implant consists of two magnets (similar to cochlear implant magnets) hermetically sealed in a titanium
case that are recessed into bone beds at the surgical implant site.

Osseointegrated Magnetic Implant (p. 13-7; 44 of 192)
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The implant consists of two  magnets hermetically sealed in a titanium housing as shown in Figure
4. The implant is manufactured for . Validation documentation associated
with the implant's performance as a retention mechanism for the sound processor can be seen in
Appendix C to the overall submission. Each implant is welded, cleaned, and 100% leak tested by the
manufacturer using formally validated processes.

Figure 4. Magnet implant.

Please refer to the review memos of Drs. Clupper and Khan of the original submission (KI02199)
for additional details about device description. Please refer to Ms. Rudy's memo from her review
of the original submission for a table of device components.

IV. Indications for Use

The sponsor provides the following updated indications for use in S001. In SOO1, it is noted that
all references to "osseointegrated" have been removed from the Indications for Use and from the
labeling. See Dr. Khan's review memo of 8001 for details and review of a related deficiency.

510(k) Number: K102199

Device Name: Otomag Bone Conduction Hearing System

Indications for Use: The Otomag Alpha 1 Sound Processor is intended for use with the Otomag
Headband or Otomag Softband (no age limitations), or with the Otomag Magnetic Implant (patients 5
years of age and up) for the following patients and indications:

* Patients with conductive or mixed hearing losses, who can still benefit from amplification of sound.
The pure tone average (PTA) bone conduction (BC) threshold for the indicated ear should be better
than 45 dB HL (measured at 0.5, 1, 2, and 3 kHz).

* Bilateral fitting is applicable for most patients having a symmetrically conductive or mixed hearing
loss. The difference between the left and right sides' BC thresholds should be less than 10dB on
average measured at 0.5, 1, 2, and 4 kHz, or less than 15 dB at individual frequencies.

* Patients who have a profound sensorineural hearing loss in one ear and normal hearing in the opposite
ear, who for some reason will not or cannot use an AC CROS. The pure tone average (PTA) air
conduction (AC) threshold of the hearing ear should be better than 20 dB HL (measured at 0.5, 1, 2
and 3 kHz).

V. Predicate Device Comparison
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This section has been updated in S001 as follows:

In S001, the sponsor claims two predicate devices (only one predicate K100193 was claimed in the
original submission):

- The Otomag Bone Conduction Hearing System, Unmodified Version, Alpha 1(S) in a
headband or softband confiburation- K100193

- Xomed Audiant Bone Conductor - K855059 / K861971 (added in S001)

The following in section 14 of 8001 provided by the sponsor compares the subject device with the two
claimed predicate devices:

spa cmicatlon I Original Otomag Bone Audlant Bone Conductor (ABC) Modified Otome Bone
c Conduction Hearing System KB61971(predlcate device) uci He1ig stem Comparison
Charactristic K100193 (predicate device) odcto erigSse

Classification 874.3300 874.3300 874.3300 identical to both
_______________ __________________________________________________predicates

Class Cless II Class II Class II Identical to both
_________ ______________________________ _______________predicaters

Product Code LXB LXB LXB Identical to both
predicates

improvement of hering for patients The Audiant Bone Conductor is a Improvement of hearing for patients Identical to Aph

intended Use nit conductive and mixed hearing device for Conductive Hearing Loss with conductive and mixed hearing
losses, bilateral fitting, and single- not correctable by conventional losses, bilateral fitting, and single Substantiallysided deafness reconstructive surgery sided deafness Equivalent to ABC
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Specification I Original Otomag Bone Audiant Bone Conductor uABC) Modified Otomag Bone
Characteristic Conduction Hearing System K861971(predicate device) Conduction Hearing System Comparison

K100193 (predicate device)
A sound processor rmnsmits sound A sound processor transiuts sound A sound processor transmits sound
vibrations that are conducted vibrations that are conducted vibrations that are conducted Identical to both

Design through the patients bone rather through the patient's bonae rather through the patient's bone rather predicates
than via the middle ear -a process than via the middle ear - a process than via the middle ear -a process
known as direct bone conduction. known as direct bone conduction. known as direct bone conduction.
Sound Processor consists of an Sound Processor consists of an Sound Processor consists of an Identical to Alpha
internal electronic transducer, a external electronic transducer, a internal electrnic transducer, a 1(S)

Sound Processor battery, volume and programming battery, volume mtrols, and an battery, volume and programming
controls, and an intemnl or extemnal external microphone within a plastic controls, and an internal or external Substantially
mricrophone within a plastic housing, housing, microphone within a plastic housing. Equivalent to ABC

Transducer Traditional bone conduction inductive coupling oo an external Traditional bone conduction identical to Alpha
transducer magnet and coil an implanted transducer I(S)

magnet
Identical to Alpha
I(S)

Power Supply Zinc-air battery AA battery Zinc-air battery
Substantially

_____________________Equivalent to ABC
Identical to Alpha

Sound Processing Digital Analog Digital I(S)

Individual adjustment to patient Individual adjustment to patient

Patient Fitg audiogran and needs by a Simple volume cantrol audiogran and needs by a Identical to Alpha
computer based fiting system used computer based fitting system used 1(S)
by the audiologist by the audiologist

Frequency 125 -8kHz 336- 12kHz 125 - 8kHz Identical to Alpha
Processing Range 1(S)
Max Gain (60d8 38 dB Unavailable 38 dB Identical to Alpha
SPL) US)
Acousto-Mechanical Identical to Alpha
Gain at 60 dB SPL 29 dB Unavailable 29 dB I(S)
and 1600 HzU

Identical to Alpha
Accessories/Options Direct audio input via FM jack Telecoil Direct audio input via FM jack i(S)

Specification I Original Otomag Bone Audlant Bone Conductor (ABC) Modified Otomag Bone
Characteristic Conduction Hearing System K861971(predicate device) Conduction Hearing System Comparison

K100193 (predicate device)

Patient Contact Identical to Alpha
Materials for 1(S)
Biocompatibility Fotoplast-Lac Biocompatible plastic Fatoplast-Lac
Purposes (external Substantially
device) Equivalent to ABC
Patient Contact Identical to Alpha

Maiali Tan Grade 2 ad 4 Titanium Grade 5end Silcone Titanium Grade 2 and 4
Purposes (external Substantially
device) Equivalent t ABC

Identical to Alpha

Stenization .Steam sterilization of surgical Provided Sterile Steam sterilization of surgical I(S)
implant implant Substantially

Equivalent to ABC
Identical to Alpha
1(S)

Peak Output at 90 118dB 115dB
dB SPL Substantially

Equivalent ABC

Identical to Alpha
Frequency range 1(S)
per ANSI S322- 28D-5000 Hz 336- 12k-z 280-5000 Hz
2009 See Discussion

Below
Identical to Alpha

Total harmonic 1(S)
distortion per ANSI <3% 3-9% <3%
53.22-2009 Substantially

Equivalent to ABC

Equivalent input 17 dB SPL Unavailable 17 dB SPL Identical to Alpha
noise: 1S)

Page 6 of 12
K102199/SO01 Lead Review Memo

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Specification Or"g"nal Oton"og Bone Ad.ant Bone Conductor (ABC) Modified Otmed Bone
Characteristic Conduction Hearing System K861971(predlcate device) Conduction Haring System Comparison

K100193 (predicate device)

Battery curent dri 0,95 mA 52 mA 0.95 mA Identical to Alpha

Processor: 16 Band. 4 Channel WDRC Standard OP Anip 16 Band. 4 Channel WDRC Identical to Alpha

rOuetOptions 0.1.25.0.252.75, 1.75-7.75 ktz None 0-1.25,0.25-2.75,1.75-7.75 kHz Identical to Alpha

Identical to Alpha

Compression Attack 02 m m .2)ni
Tim(m 0.25 ms 1 ms 0.25 ms 1S)

I Below
identical to Alpha

Compression 1(S)
Release Time 8192 ms 350 ms 8192 ms
(maximum) See Discussion

Below
Patient Volume 38 Range Unavailable 38 dB Range Idntical to Alpha
Consuol Wheel I ORne3 ORne(S)
F Aicaon Headband or Softband Magnetic to implanted magnet Mapgnetic to magnet identical to ABC

Connctio ofSubstantially
imla tt skull Not Applicable 1 Titanium scrw 5 Titnium Screws Equivalent - see

discusson below

In S001, the sponsor claims five major differences between the subject and predicate devices:

1. Indications for use: The new Alpha 1(M) configuration is indicated for patients age 5 and older
whereas the cleared (S) configuration is indicated for all ages.

2. New patient contact materials: The Magnetic Implant in the Alpha 1(M) configuration contains
new patient contacting materials: Titanium Grades 4 and 5.

3. Sterilization: The Magnetic Implant is provided clean but not sterile and requires sterilization via
gravity or prevacuum steam sterilization at the healthcare facility prior to implantation.

4. Method for coupling sound processor to patient, i.e., 

5. Connection of the implant to the skull. Five 4-mm screws are used to hold the Alphal (M)
implant to the skull while the sponsor claims that the Audiant implant uses one 4 mm length
screw.

The sponsor claims that the above differences do not negatively impact safety or effectiveness and do not
raise any new safety or effectiveness questions.

The review team has identified several deficiencies stemming from differences between the
subject and predicate devices, including concerns about the safety and efficacy of the magnetic
coupling method of the subject device, surgical risks, and sterility concerns. A clinical study is
therefore recommended.

See the review memo of Dr. Clupper, this review memo, the edited deficiency letter by Dr. Kane,
and notes at the beginning of this review memo regarding discussion and review team members
for details.

VI. Labeling

Page.7 of 12
K102199/SO01 Lead Review Memo L4

(b)(4)
(b)(4)

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



The sponsor lists 4 labeling materials that have been revised for the Alpha 1(M) configuration:

1. Physician's Manual
2. Patient User Manual
3. Magnetic Implant Package Label
4. Revised Primary Device Labels

For S001, this information was reviewed primarily by Drs. Khan and Ms. Rudy. Please refer to the
review memos of these reviewers for details, including deficiencies relating to labeling.

VII. Sterilization/Shelf Life/Reuse

This information was reviewed by Ms. Rudy.

For SO1, please see Ms. Rudy's review memo for details, including several deficiencies relating
to sterilization.

VIII.Biocompatibility

This information was reviewed by Dr. Malshet in the original submission. Dr. Malshet has determined that
the information is acceptable. Please see Dr. Malshet's review memo for details.

IX. Software

This following brief review of the software is retained from the Lead Reviewer's review of the original
submission (K102199):

Comment (Lead Reviewer): Changes in this submission relate only to the method of physically coupling
the sound processor to the. patient, and not in the sound-processor firmware or the clinical programming
software. I therefore concur with the sponsor's assessment that, "All software documents provided in the
original 510(k) submission (K100193) continue to be applicable to the modified version of this device."
Please refer to the lead review memo for K100193 for review of the device software.

X. Electromagnetic Compatibility.and Electrical, Mechanical and Thermal Safety

Comment (lead reviewer): In review of the original submission, I identified following deficiency which
relates to electrical engineering and bench performance testing:
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Xl. Performance Testing - Bench

In S001, the sponsor provides bench performance testing supporting to validate that go/no-go gauges
that have been introduced to verify the radial holding force of the implant.

Dr. Clupper reviewed these data in addition to the other mechanical testing data in S001 and the

XII. Performance Testing - Animal

No animal performance-testing data were provided.
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Comment (Lead Reviewer): This is acceptable provided that the sponsor demonstrate substantial
equivalence through bench performance testing and, per review of S001, clinical performance
testing.

XIII. Performance Testing - Clinical

No clinical performance-testing data were provided in S001.

XIV. Substantial Equivalence Discussion
Yes No

1. Same Indication Statement? X If YES = Go To 3

2. Do Differences Alter The Effect Or Raise New X If YES = Stop NSE
Issues of Safety Or Effectiveness?

3. Same Technological Characteristics? X If YES = Go To 5

4. Could The New Characteristics Affect Safety Or X If YES = Go To 6
Effectiveness?

5. Descriptive Characteristics Precise Enough? If NO = Go To 8
If YES = Stop SE

6. New Types Of Safety Or Effectiveness Questions? X If YES = Stop NSE

7. Accepted Scientific Methods Exist? X If NO = Stop NSE

8. Performance Data Available? X If NO = Request Data

9. Data Demonstrate Equivalence? Final Decision:

Note: See
http://eroom.fda.qov/eRoomReqlFiles/CDRH3/CDRHPremarketNotification5lOkProgram/0 4148/FLOWC
HART%20DECISION%20TREE%20.DOC for Flowchart to assist in decision-making process. Please
complete the following table and answer the corresponding questions. "Yes" responses to questions 2, 4,
6, and 9, and every "no" response requires an explanation.

1. Explain how the new indication differs from the predicate device's indication:

The indication statement is the same as the indication for the predicate except for the addition that the
(subject) Alpha 1(M) configuration which requires a surgically placed implant, is intended for ages 5 and
older only.

2. Explain why there is or is not a new effect or safety or effectiveness issue:

The change made in the new indication statement does not raise any new safety of effectiveness issues
because the age range has been appropriately specified per the review of the original submission by the
clinical reviewers. Per review of S001, concerns have been raised by the collective review team about
young children being implanted with the device and the risk versus benefit for this population, given that
MRI needs to be contraindicated. See the January 20, 2011 deficiency letter for details.
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3. Describe the new technological characteristics:

New technological characteristics include magnetic coupling of the sound processor to the patient's skull
via a magnetic implant and (externally worn) magnetic spacer. The Sophono predicate instead uses a
headband or softband to couple the sound processor to that patient's skull and there is no implant. The
Audiant predicate does not actually conduct vibration from the exterior sound processor and therefore the
magnetic coupling in that device differs from the subject device.

4. Explain how new characteristics could or could not affect safety or effectiveness:

The implanted component in the subject device poses several safety risks, including those relating to
potential extrusion and infection. The safety and effectiveness of the coupling system have not been
established.

5. Explain how descriptive characteristics are not precise enough:

6. Explain new types of safety or effectiveness question(s) raised or why the question(s) are not new:

Hearing-aid bone-conduction devices are not new Therefore the general set of safety and effectiveness
questions remains constant across various types of devices.

7. Explain why existing scientific methods can not be used:

8. Explain what performance data is needed:

Per review of S001, clinical performance data are needed to demonstrate substantial equivalence to the
predicate.

9. Explain how the performance data demonstrates that the device is or is not substantially equivalent:

XV. Deficiencies
When developing deficiencies please consider the following "Suggested Format for Developing and
Responding to Deficiencies in Accordance with the Least Burdensome Provisions of FDAMA"
(http://www.fda.qov/cdrh/modact/auidance/1195.html) and "A Suggested Approach to Resolving
Least Burdensome Issues" (http://www.fda.qov/cdrh/modact/leastburdensome.html).

See attached e-mailed for final deficiencies conveyed to sponsor.

XVI. Contact History

January 16, 2010: Lead Reviewer e-mailed sponsor 14 deficiencies for interactive review. Sponsor
provided a response to deficiencies on January 19, 2011.

January 14, 2010: Lead reviewer e-mailed sponsor to request a copy of cited Raicevich et al. (2008)
paper. Sponsor provided requested information on same day.

August 9, 2010: Lead Reviewer requested e-copy of submission from sponsor. Sponsor provided a
download link to the submission the same day.

September 15, 2010: Lead Reviewer requested device sample from sponsor. Sponsor indicated on same
day that this was possible and had some clarification questions: purpose, use, and whether sample will
be returned. Lead reviewer responded on September 16, 2010. Sample received on September 22, 2010.
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September 22, 2010: Lead Reviewer e-mailed sponsor question to clarify magnetic spacers provided in
the sample. Sponsor provided requested clarification the next day.

September 23, 2010: Lead Reviewer e-mailed sponsor that additional information is needed to continue
review of K102199 and informed the sponsor that the submission will be on hold until the information is
provided.

XVII. Recommendation

Telephone Hold (TH).

ReviewerDate

Tanc fChiefDa
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Dasika, Vasant

Frnm: Dasika, Vasant
Thursday, January 20, 2011 3:19 PM

l. jim.kasic@sophono.com; 'Clay Anselmo'
Cc: Nandkumar, Srinivas
Subject: K102199/S001 At needed

Attachments: K102199 S001 At needed.pdf

Dear Mr. Kasic,

We have conducted a preliminary review of the above referenced submission and the responses you
have provided via interactive review on January 19, 2011. Based on our review of your documents,
additional information is needed. Please see the attached letter for details. Please also be advised
that your submission will be placed on hold today and will remain on hold until the requested
information is provided.

When you do respond with the requested additional information, please provide this information per
the instructions in the letter (i.e., submit it to the address stated in the letter). At the same time,
please also provide directly to me a complete e-copy of your response. This will greatly facilitate the
review process.

Please contact me if you have any questions.

Kind Regards,
ant

K102199
I needed.p

Vasant K. Dasika, PhD
Biomedical Engineering Scientific Reviewer
Ear, Nose, and Throat Devices Branch
DONED/ODE/CDRH
US FDA
10903 New Hampshire Avenue
W066, Room 2443
Silver Spring, MD 20993

Phone: (301) 796-6860
Fax: (301) 847-8126

Email: Vasant.Dasika@fda.hhs.gov

THIS MESSAGE IS INTENDED ONLY FOR THE USE OF THE PARTY TO WHOM IT IS ADDRESSED AND
MAY CONTAIN INFORMATION THAT IS PRIVILEGED, CONFIDENTIAL, AND PROTECTED FROM
P'CLOSURE UNDER LAW. If you are not the addressee, or a person authorized to deliver the document to
% addressee, you are hereby notified that any review, disclosure, dissemination, copying, or other action
based on the content of this communication is not authorized. If you have received this document in error,
please immediately notify the sender immediately by e-mail or phone.

1 Q 71f

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Re: K102199
Trade Name: Sophono Otomag Bone Conduction Hearing System
Dated: December 20, 2010
Received: December 21, 2010

Dear Mr. Kasic:

We have reviewed your Section 510(k) premarket notification of intent to market the
device referenced above. We cannot determine if the device is substantially equivalent to
a legally marketed predicate device based solely on the information you provided. To
complete the review of your submission, we require that you address the following:

Several safety and effectiveness concerns have not been adequately addressed by the
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9. Your revised physician instructions (response to deficiency #5c) advise the use of
a specific chemical indicator (CI) to be placed inside the sterilization pouch with
the implant. We agree with the methods used in your steam sterilization validation
study. However, since no specific C! was validated for use, facilities can use any
commercially available Cl that is labeled for the cycle parameters they are using,
and it is not important that they use exactly the brand and catalog number of the
CI you have identified. Therefore, please revise your instructions to be more
general, simply replacing your specific Cl recommendation with a one-line step
in the instructions reminding users that a steam indicator strip labeled for the
specific cycle parameters should be put into the pouch with the implant.

10. You clarify (response to deficiency #7) that your "go, no-go" test devices are used
in medical settings for multiple patients. You now advise "prior to using with
another patient, the accessories must be cleaned with a Clorox@ type disinfecting
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wipe." Better language for medical settings would be, "...cleaned and disinfected
using an EPA-registered hospital disinfectant wipe." Please make this change for
accuracy and broadest applicability.

I1. You add language after your contraindications in the patient manual (response to
deficiency #1 Ob) as reproduced below:

Note: While the contraindications listed above may affect the process of hearing
aid fitting, it should be noted that the treatment plan for use of the Otomag
Alpha 1 Sound Processor may vary with worsening or improving hearing. Your
treatment plan will be determined by your primary care physician.

Primary care physicians are not skilled or credentialed for making or adjusting a
treatment plan that would involve the subject device. Please replace "primary care
physician" in this note with language such as "your hearing health specialists."
Your response to deficiency #13 has the same issue, so please replace the
"primary care physician" language there as well.

12. Your revised patient manual (Appendix 2) includes magnet information with
precautions on page 17 (section 6). All safety precautions should appear at the
beginning of the document in a complete list of precautions. You may reiterate
any precautions as you wish throughout the document. To place a new precaution
on page 17, is to risk that it will never be read or heeded and inappropriately
diminishes its importance. Please revise your patient instructions accordingly.

13. In your revised clinician manual, please specify 5 10(k) numbers (if available) for
the recommended craniomaxillofacial titanium self tapping screws for affixing the
implant to the skull.

The deficiencies identified above represent the issues that we believe need to be
resolved before our review of your 510(k) submission can be successfully completed.
In developing the deficiencies, we carefully considered the statutory criteria as defined
in Section 513(i) of the Federal Food, Drug, and Cosmetic Act (Act) for determining
substantial equivalence of your device.

You may not market this device until you have provided adequate information
described above and required by 21 CFR 807.87(l), and you have received a letter from
FDA allowing you to do so. If you market the device without conforming to these
requirements, you will be in violation of the Act. You may, however, distribute this
device for investigational purposes to obtain clinical data if needed to establish
substantial equivalence. Clinical investigations of this device must be conducted in
accordance with the investigational device exemption (IDE) regulations (21 CFR 812).

If the information, or a request for an extension of time, is not received within 30 days,
we will consider your premarket notification to be withdrawn and your submission will
be deleted from our system. If you submit the requested information after 30 days it will
be considered and processed as a new 510(k)(21 CFR 807.87(l)); therefore, all
information previously submitted must be resubmitted so that your new 510(k) is
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complete. For guidance on 510(k) actions, please see our guidance document entitled,
"FDA and Industry Actions on Premarket Notification (5 10(k)) Submissions: Effect on
FDA Review Clock and Performance Assessment" at
http://www.fda.gov/downloads/MedicalDevices/DeviceRegulationandGuidance/Guid
anceDocuments/UCM089738.pdf

If the submitter does submit a written request for an extension, FDA will permit the
510(k) to remain on hold for up to a maximum of 180 days from the date of the
additional information request.

The purpose of this document is to assist agency staff and the device industry in
understanding how various FDA and industry actions that may be taken on 51 0(k)s
should affect the review clock for purposes of meeting the Medical Device User Fee
and Modernization Act.

The requested information, or a request for an extension of time, should reference your
above 510(k) number and should be submitted in duplicate to:

U.S. Food and Drug Administration
Center for Devices and Radiological Heath
Document Mail Center - W066-0609
10903 New Hampshire Avenue
Silver Spring, MD 20993-0002

If you have any questions concerning the contents of the letter, please contact Vasant
K. Dasika, Ph.D. at (301) 796-6860. If you need information or assistance concerning
the IDE regulations, please contact the Division of Small Manufacturers, International
and Consumer Assistance at its toll-free number (800) 638-204 1 or at (301) 796-7100,
or at its Internet address
http://www.fda.ov/MedicalDevices/ResourcesforYou/Industrv/default.htm.
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K 102199/500 I
Otomag Bone Conduction Hearing System

CENTER FOR DEVICES AND RADIOLOGICAL HEALTH
510(k) AUDIOLOGY REVIEW MEMO

From: Shu-Chen Peng, Ph.D., CCC-A
ENTB/DONED/ODE

To: Vasant Dasika, Ph.D., ENTB

CC: Nandu Nandkumar, Ph.D., Branch Chief, ENTB

Subject: K102199/S001
Request for Additional Information
Otomag Bone Conduction Hearing System
Sophono

Date: January 12, 2011

Per your request, I have completed the review of the above referenced submission, specifically the sponsor's
response to FDA Deficiencies I and 2, which arose in my previous audiology review on Kl00193. The
sponsor has properly addressed both questions. Thus, I have no outstanding questions for the sponsor, from
the perspective of clinical audiology. In the remainder of this review memo, each question is listed, followed
by the sponsor's response and my comment on each response.
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K102199/S001 - Materials Science and Engineering Review Addendum

To: Vasant Dasika, Ph.D. .
Team Leader. DONED/ENTB

From: Daniel C. Clupper, Ph.D.
Biomedical Engineer, DONED/ENTB

Date: January 19, 2011

Re: Sophono, Inc. Interactive Response Dated January 18, 2011
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Daniel C. Clupper, Ph.D.
Biomedical Engineer
DONED/ENTB
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K102199/SO01 - Materials Science and Engineering Review

To: Vasant Dasika, Ph.D.
Team Leader, DONED/ENTB

From: Daniel C. Clupper, Ph.D.
Biomedical Engineer, DONED/ENTB

Date: January 14, 2011

Device: Otomag Bone Conduction Hearing System
Model Alpha 1 (M)
(Sophono Inc.)

Regulatory Background
Regulation Number: 21 CFR 874.3300
Product Code: LXB

Indications for Use
The Otomag Alpha I Sound Processor is intended for use with the Otomag Headband or
Otomag Softband (no age limitations), or with the Otomag Osseointegrated Magnetic
Implant (patients 5 years of age and up) for the following patients and indications:

* Patients with conductive or mixed hearing losses, who can still benefit from
amplification of sound. The pure tone average (PTA) bone conduction (BC) threshold
for the indicated ear should be better than 45 dB HL (measured at 0.5, 1, 2, and 3 kHz).

* Bilateral fitting is applicable for most patients having a symmetrically conductive or
mixed hearing loss. The difference between the left and right sides' BC thresholds
should be less than 10dB on average measured at 0.5, 1, 2, and 4 kHz, or less than 15
dB at individual frequencies.

* Patients who have a profound sensorineural hearing loss in one ear and normal
hearing in the opposite ear, who for some reason will not or cannot use an AC CROS.
The pure tone average (PTA) air conduction (AC) threshold of the hearing ear should
be better than 20 dB HL (measured at 0.5, 1, 2 and 3 kHz).

Device Introduction
The Otomag Bone Conduction Hearing System is a family of sound processors and
accessories that operate on the principle of bone conduction of sound vibrations. The
Otomag System consists of two distinct configurations; Alpha 1 (S) and the
osseointegrated Alpha 1 (M).

This 510(k) is being submitted to add the Alpha I (M) configuration to the existing
product family.
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In the Otomag Alpha 1 (S), the Otomag Sound Processor is attached magnetically to a
headband or softband. The headband or softband holds the sound processor against the
head and vibration is transduced through direct contact with the patient's skin and the
bone below.

In the Otomag Alpha I (M), the Otomag Sound Processor is attached magnetically to an
implanted magnet assembly. The magnetic field holds the sound processor against the
head and vibration is transduced through direct contact with the patient's skin and the
bone below. Vibration is not primarily transmitted through the magnetic implant.

The Otomag System is designed for use for those patients with conductive hearing loss,
those patients who have sensorineural hearing loss up to 45 dB in combination with their
conductive loss, and single sided deafness as defined in the indications for use. The
prescriptive formula and adjustments available to the audiologist in the software allow for
programming the Otomag System for individual patient hearing loss.

Description of the Osseointegrated Alpha 1 (M) Configuration
In the Alpha 1(M) configuration, the Alpha 1 Sound Processor is used with an Otomag
Osseointegrated Magnetic Implant (similar to cochlear implant magnets) and a plastic
magnetic spacer. The plastic magnetic spacers are equipped with magnets encapsulated
by Fotoplast (plastic) materials. Figure 1 below shows the details of the configuration.

Apa1 extemal
adoprocessor

Screws

Figure 1. Alpha 1(M) configuration.

For this configuration, the same metal disc used in the Alpha I(S) configuration is used to
attach the sound processor to plastic magnetic spacer. The magnets within the plastic
magnetic spacer are then additionally used to secure the external assembly (sound
processor and spacer) to the magnetic implant across the patient's skin.

To ensure that appropriate pressure is applied between the sound processor and the
patient's skin / bone, various strengths of magnetic spacers are available 

The magnetic implant is screwed to the skull with Stryker self-tapping titanium facial
plating screws. The implant consists of two magnets (similar to cochlear implant
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magnets) hermetically sealed in a titanium case that are recessed into bone beds at the
surgical implant site.

Magnetic Implant
The implant consists of two 5 magnets hermetically sealed in a titanium housing as
shown in Figures 2 and 3. The implant is manufactured for
GmBH. Validation documentation associated with the impl
retention mechanism for the sound processor can be seen in

The magnetic implant is placed in 3 mm deep bone beds as shown in Figure 4. The
implant is secured using 4 mm titanium facial plating screws. The device is intended to
be steam sterilized at the healthcare facility prior to implantation.
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Figure 4. Bone bed.

Magnetic Spacer
The spacer consists of a
100% Fotoplast S 10, 

as shown in Figure and Figure Both plastic materials are those
commonly used for the production of custom ear molds. Complete material specifications
can be found in Appendix B to the overall submission. Four magnetic strengths of the
spacer are available to accommodate for variations in skin thicknesses (Fig. 7) and
holding requirements to obtain approximately 2.5 N to 5.4 N of holding force.

Figure 5. Magnetic spacer. Figure 6. Sound processor attached to
magnetic spacer.

Figure 7. Implant secured into bone bed.
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Previous Deficiencies
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Daniel C. Clupper, Ph.D. I
Biomedical Engineer
DONED/ENTB
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Otomag Bone Conduction Hearing System
K102199/S001
Sophono, Inc.

510 (k) REVIEW (K102199/S001)
(Response to Deficiencies)

Date: 01-13-11

To: Vasant Dasika, PhD
Engineering Reviewer, ENTB/DONED/ODE

From: Anjum Khan, M.D., MPH . T
Medical Officer, ENTB/DONED/ODE

Cc: Srinivas Nandkumar, M.D., Ph.D.
Branch Chief, ENTB/DONED/ODE

Subject: Otomag Bone Conduction Hearing System

Purpose:

This submission includes Sophono Inc. responses to Agency's Letter dated September

13, 2009.

My review is limited to Deficiencies # 7, 9, 10 and 11.

Review of Deficiencies:

Deficiency 7:

In your Indications for Use statement and many other sections of your submission, you

describe that the "Otomag Alpha 1 Sound Processor is to be used with Otomag Headband

or Otomag Softband, or with the Otomag Osseointegrated Magnetic Implant." However,

from the information provided, it is unclear that the 5, fairly small diameter, bone-

anchoring screws fulfill and permit osseointegration. We recommend that you accurately

label your device for the mechanism by which it functions (i.e. without osseointegration)

or justify why you believe the Magnetic Implant of the Otomag System is an

osseointegrated implant.

Sponsor's Response:

As discussed in the response to Deficiency 6 above, Sophono has removed all references

to osseointegration throughout the submission. Revised sections of the original

submission removing reference to osseointegration are contained in Appendices 1, 2, 3, 4,

5, 10, and 11.

Reviewer's Comment: This response is accepted.
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Otomag Bone Conduction Hearing System
K102199/SO01
Sophono, Inc.

Warning

If you experience discomfort, pain, numbness, or tingling of the skin in the area of your
magnetic implant, remove the sound processor assembly and see your physician for
refitting of the device.
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Otomag Bone Conduction Hearing System
K102199/S001
Sophono, Inc.
The modified physician instructions which incorporate the use of these gages are shown
below. The concept is quite simple. When the "Go" gage is attached, the magnetic spacer
should remain attached to the implant and when the "No-Go" gage is attached the
magnetic spacer should pull off of the implant. This method allows the identification of
one or more magnetic spacers that apply the force to the skull over the appropriate range.
The labeling further instructs the physician to select the lowest strength magnetic spacer
that passes both the "Go" and "No-Go" evaluations and provides adequate hearing
improvement. This ensures correct function of the device while minimizing pressure to
the skin and chances of pain or tissue necrosis. "Go" and "No-Go" gage tools have been
added to the device description present in Appendix 3 to this response.

Instructions for Placement / Sizing of the Magnetic Spacers

Magnetic Spacer Selection

As with the Headband and Sofiband, application of appropriate pressure to the mastoid
by the Sound Processor is essential for proper functioning of the system and patient
comfort. The Alpha 1 (M) configuration is supplied with five strengths of magnetic
spacers to allow the filling physician to adjust the force applied to the mastoid

The spacers are labeled with "dots" to indicate magnetic strength. Magnetic strength
increases based on the number of dots present on the spacer. One dot is the lowest
strength and five dots is the highest strength.

Several magnetic spacer strengths may be applicable to an individual patient. To
determine the appropriate magnetic spacer for a patient use the "Go " and "No-Go"
gages as follows.

Using the "Go" gage to determine the weakest appropriate magnetic spacer

1. Starting with the one dot magnetic spacer, place the magnetic spacer over the implant.
Magnetic attraction will pull the magnetic spacer toward the implant. The magnetic spacer has
two poles. Rotate the magnetic spacer 360 degrees until the magnetic spacer poles align with the
implant poles and the strongest magnetic attraction is achieved.

2. Ask the patient to sit upright with their head in a typical vertical position. Attach the
"Go" gage clip to the patient's clothing.

3. Hang the "Go" gage disk from the magnetic spacer.

4. If the magnetic spacer detaches from the side of the patient's head, then the spacer is too
weak and the process should be repeated with increasing magnetic spacer strengths until the
magnetic spacer remains attached to the side of the head while attached to the "Go" gage disk.

5. The lowest dot number magnetic spacer that passes the "Go" test indicates the weakest
magnetic spacer strength that should be recommended to the patient.

Using the "No -Go" gage to determine the strongest applicable magnetic spacer

3
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Otomag Bone Conduction Hearing System
K1 02199/S001
Sophono, Inc.
1. Starting with the lowest dot number magnetic spacer that passes the "Go" test, place
the magnetic spacer over the implant. Magnetic attraction will pull the magnetic spacer
toward the implant. The magnetic spacer has two poles. Rotate the magnetic spacer 360
degrees until the poles align with the implant poles and the strongest magnetic attraction
is achieved.

2. Again, ask the patient to sit upright with their head in a typical vertical position.
Attach the "No-Go" gage clip to the patients clothing.

3. Hang the "No-Go " gage disk from the magnetic spacer.

4. The magnetic spacer should detach from the head from the weight of the disk If the
magnetic spacer detaches from the head then the magnetic spacer is one of the
appropriate spacers for the patient.

5. Repeal this process, increasing magnetic spacer strength one dot at a time until the
magnetic spacer does not detach from head.

6. The highest number magnetic spacer that detaches from the head using the "No-
Go "test indicates the highest magnetic spacer strength that should be used by the patient
on a regular basis.

7. Any magnetic spacer that remains attached during the "No-Go" test is too strong and
should not be recommended for patients long term use.

8. If all magnetic spacers used in the "No-Go" test detach when the "No-Go" disc is
attached, then all of the spacers tested in the "No-Go" test may be appropriate for the
particular patient.

Several spacer magnet strengths may be applicable for an individual patient. The patient
should be prescribed the lowest dot magnet strength that is both comfortable, functions
correctly and fits with their age and lifestyle.

Warning
Excessive, long term use of magnetic spacers that are too strong may lead to pain
and or pressure necrosis for the patient. Always recommend to the patient the
lowest magnetic strength spacer that passes the "Go" test.

Caution

* The patient should be instructed to select a lower strength spacer if the pressure
on the skin is uncomfortable or if pain, numbness, or tingling occurs.

FDA expressed additional concern regarding the effect the magnetic attraction will have
on the underlying soft tissue. To address this concern, one must understand the physics of
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the Alpha 1 (M) system in combination with the anatomy and physiology of capillary
perfusion.

Skin necrosis occurs from prolonged tissue ischemia. Tissue ischemia occurs due to
pressure exceeding the underlying capillary pressure over a prolonged period of time. In
the case of the Alpha 1 (M) and (S) systems, tissue ischemia can occur due to the
pressure that the spacers place on the tissue if that pressure is excessive.

RAICEVICH et al. (full reference contained in Appendix 6, DG-38, Section 12) studied
the pressure of bone conduction devices with respect to conventional external bone
vibrator devices, industrial norm standards and the pressure that these devices apply to
the skin. Based on his work and others on capillary pressure, he determines that the long-
term maximum contact pressure for fitting bone vibrators should not exceed 3.7 kPa. He
also notes that most bone vibrators apply too much pressure. Using 3.7 kPa as a target
and based on the surface area of the spacer of 665 mm2 the maximum normal direction
holding force of magnetic spacer should be less than approximately 2.5 N. (2.5 N/665
mm * 1000 = 3.7 kPa). The fitting instructions and gages supplied with the Alpha 1 (M)
configuration are designed to achieve forces at or below 2.5 N.

Reviewer's Comment: Defer to Dr. Dasikaforfull evaluation of this response.
However, I think the warnings are appropriate.

Deficiency 10:

Under the section of Risks that may occur during surgery (Page 68 of 192), you state that
"These include pain, blood clots, and/or circulatory problems, infection, cardiac arrest,
post-cholesteatoma, and even death. Specific risks related to operating on the mastoid
include infection, inflammation, numbness or stiffness about the ear, disturbance of taste
or balance and noticeable changes in head noise." Please address the following concerns
regarding these risks.

a) Although most of your described risks are understandable, please clarify how you
expect the risk of "post cholesteatoma" and "Disturbance of taste and balance" to occur
in the procedure you propose for the implantation of the magnetic implant, without
transgressing the middle ear or in the vicinity of the mastoid area.

b) Your list of risks that may occur during surgery does not include some critical risks of
dural exposure, CSF leak, perforation of sigmoid sinus, and subdural hematoma. Please
include these potential risks to your list of risks during surgical procedure.

Sponsor's Response 10a:

Sophono agrees with FDA's comments regarding "post cholesteatoma" and "disturbance
of taste and balance". The Alpha 1(M) magnetic implant does not transgress the middle
ear nor the vicinity of the mastoid area, the risks of "post cholesteatoma" and

5
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"disturbance of taste and balance" are not likely in this application and have been
removed from this labeling. Refer to the text below and Appendix 4 for the revised
version of the Physician Manual.

Reviewer's Comment: This response is accepted.

Sponsor's Response 10b:

Per FDA's request, the risks of dural exposure, CSF leak, perforation of sigmoid sinus
and subdural hematoma have been added to the Physician Manual. Refer to the text
below and Appendix 4 for the revised version of the Physician Manual.

Risks that may occur during surgery:
The risks involved in surgery and complications related to surgery include the normal
risks of the operative procedure and general anesthesia. These include pain, blood clots,
and/or circulatory problems, infection, cardiac arrest, and even death. Specific risks
related to operating on the mastoid include infection, inflammation, numbness or stiffness
about the ear, dural exposure, CSF leak, perforation of sigmoid sinus, subdural
hematoma and noticeable changes in head noise.

Reviewer's Comment: This response is accepted.

Deficiency 11:

In the Section of Risks that may occur after surgery (Page 68 of 192), you describe that
"Potential risks related to the implant following surgery include infection, reparative
granuloma and inflammatory reaction. It is possible that a reaction to the implant
materials and or failure of the implanted device can occur and may necessitate an
operation to remove and/or replace the implant." This list does not include the risk of skin
breakdown or skin necrosis. Please add this risk to the list.

Sponsor's Response:

Per FDA's request, the risks of skin breakdown or skin necrosis have been added to the
Physician Manual. Refer to the text below and Appendix 4 for the revised version of the
Physician Manual.

Risks that may occur after surgery:
Potential risks after surgery include inflammation and complications associated with
general anesthesia. Potential risks related to the implant following surgery include
infection, reparative granuloma, inflammatory reaction, skin breakdown or skin necrosis.
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Conclusions/Recommendations:

Responses to Deficiencies 7, 10 and 11 are accepted.

I defer to Dr. Dasika for the evaluation of response to Deficiency #9.

I have no further questions for the sponsor.

Anjum Khan, M.D., MPH
Medical Officer, ENTB,DONED,ODE
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DEPARTMENT OF HEALTH & HUMAN SERVICES

Food and Drug Administration
ODE / DONED /ENTB
W066 Rm 2574
10903 New Hampshire Avenue
Silver Spring, MD 20993-0002

TO: Vasant Dasika, PhD - team leader

FROM: Susan Rudy, MSN, CRNP, CORLN /X' 191 /
Nurse Consultant and Family Nurse Practitioner, ENTB

DATE: 1/10/2011 Revised 1/19/2011

RE: K102199 / 5001 & Al Sophono Otomag Bone Conduction System Alpha 1(M)
Sterility review for Traditional 510(k)
Includes review of interactive responses received 1/19/2011

RECOMMENDATION: TH

Purpose / History:
The sponsor submits a traditional 5 10(k) for a modification to an existing cleared device. The
modification is to the cleared indications for use statement, introduces new design specifications,
new materials and revisions to product labeling. They claim that the scientific technology is
unchanged for the device.

I provided the original sterility review dated 9/14/2010. My sterility deficiencies were
communicated to the Sponsor as deficiencies #12 - 18.

The SOO documents that informed the review are: Appendices 4, 5, 9, 10, 16, 17

Regulatory:

Product Code LXB

Regulation: 21 CFR 874.3300
Class II
Sophono is a small business in Boulder, CO.

Indications for Use (original application -PDF p.13)

The Otomag Alpha I Sound Processor is intended for use with the Otomag Headband or
Otomag Softband (no age limitations), or with the Otomag Osseointegrated Magnetic Implant
(patients 5 years of age and up) for the following patients and indications:

* Patients with conductive or mixed hearing losses, who can still benefit from amplification
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STERIL - K102199 / SOO & Al Sophono Otomag Bone Conduction System Alpha 1(M)

of sound. The pure tone average (PTA) bone conduction (BC) threshold for the
indicated ear should be better than 45 dB HL (measured at 0.5, 1, 2, and 3 kHz).

* Bilateral fitting is applicable for most patients having a symmetrically conductive or
mixed hearing loss. The difference between the left and right sides' BC thresholds
should be less than 10dB on average measured at 0.5, 1, 2, and 4 kHz, or less than 15
dB at individual frequencies.
* Patients who have a profound sensorineural hearing loss in one ear and normal hearing
in the opposite ear, who for some reason will not or cannot use an AC CROS. The pure
tone average (PTA) air conduction (AC) threshold of the hearing ear should be better
than 20 dB HL (measured at 0.5, 1, 2 and 3 kHz).

The device is by prescription only.

Device Description

The model Alpha I(S) was cleared in K100193 using a softband or a headband for the magnetic fixation of
the sound processor. The Sponsor now applies for the model Alpha 1(M) using an implantable
osseointegrated magnet assembly as the fixation system for the sound processor.

The implant is 2.6mm thick and 10mm diameter

Alpha 1 external

Ma neti Ipant

Figure 3: Alpha 1 (M) Magnetic Implant System

From PDF p. 64 S001
7. Kit Configurations

7.1. The Otomag System will be available in two kit configurations (e.g., AJpha 1 (S) with
appropriate means of attachment, Alpha 1 (M) with appropriate magnetic spacers) or the
components may be ordered separately. Each kit or component will be labeled
appropriately and will include the Patient User Manual and / or the Physician Instructions
for Use as appropriate.
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Summary of System Compone ts

Device component Materials Spaulding Reprocessing Notes
Classification instructions

Magnetic implant Sumarium cobalt Critical No cleaning No pre-vacuum
sealed in titanium Steam sterilize with validation.

Synonyms: casing gravity or N
* Otomag Alpha I Sound prevacuum cycle in 0 drying

Processor a pouch. validation.
* Alph I Sound Processor Incomplete
* Sound Processor description of
* Alpha I packaging

*5 Titanium bone fixation screws Third party Critical Follow OEM Stryker Leibinger
component. instructions for 1.7mm diameter

sterilizing. craniofacial
titanium self
tapping screws
(gold) and 1.7mm
diameter self
drilling screws
(silver) in 4mm
lengths.
Shaft diameter
must be no larger
than 1.9mm and
screw head size >
2.45mm

*Rescue bone fixation screws Third party Critical Follow OEM 1.9mm (purple)
component directions for diameter, 3mm

sterilization length

Magnetic spacer in 3 sizes XX, YY, Nickel-plated Noncritical - patient Clean with Clorox S001 Appendix 18
or ZZ and 5 strengths neodymium iron contacting type disinfectant

boron magnets wipe
encapsulatetd in Advised only for
100% Fotoplast intact skin
light-curing plastic
covered in a thin
layer of Fotoplast

F4v 0:aw w Lacquer 3.

(shown with sound processor)
Sound Processor (Previously Wipe with a soft
reviewed by the same team with a cloth or Clean with
disk) Clorox type

disinfectant wipe
Clean battery
compartment with
dry Q-tip or Q-tip
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STERIL - K102199 / SOOI & Al Sophono Otomag Bone Conduction System Alpha 1(M)

Device component Materials Spaulding Reprocessing Notes
Classification instructions

moistened with
Clorox type
disinfectant wipe.
Use dry aid kit for
excessive moisture
exposure.

Fitting gages Used during the Noncritical- Clean and low-level SI Al
fitting test to environmental disinfection with
ensure proper contact Clorox type wipe or
function, pt EPA registered

The gages are discs that are hung comfort, and Used on multiple hospital disinfectant
from the magnetic spacer as it sits device patients in a medical wipe.
over the implant during the fitting performance. Wts setting.
test. Whether or not the weight pulls attach to spacer.
the spacer free (+ patient comfort) Smaller wt ensures
determines which of the 5 spacers minimum
should be used. attachment force

b/w implant &
spacer; larger
ensure too much
force is not
applied.

Storage case (Previously reviewed by Single patient use Clean with a clorox
the same team) type disinfectant

Patient will use wipe
repeatedly over time

Noncritical-
environmental
contact

Head band (previously reviewed by Single patient use Clean with a clorox
the same team type disinfectant

Patient will use wipe
repeatedly over time

Noncritical-
environmental
contact

Soft band (previously reviewed by Single patient use Submerge and hand
the same team) wash using mild

Patient will use clothes washing
repeatedly over time detergent with or

without a small
Noncritical- amount of color safe
environmental bleach, and air dry
contact or clean with a

Clorox type
disinfectant wipe.

Retention clip / lanyard (optional) Attaches to sound Single patient use Clorox type
processor assembly disinfectant wipe
and to user's Patient will use
clothing- prevents repeatedly over time
damage if sound
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STERIL - K102199 / SO1 & Al Sophono Otomag Bone Conduction System Alpha 1(M)

Device component Materials Spaulding Reprocessing Notes
Classification instructions

processor assembly Noncritical-
dislodges from environmental
user. contact

xma.r 1.mmda.

Sel~ping Selfrflig Emreny
StrykerLcibinger 50-17004 50-17904 50-19004

Part Numbers

Device Operation
The headband, softband, or magnetic implant holds the sound processor against the head, and vibration is
transduced through direct contact with the patient's skin and the bone below.

The implant is placed in a surgical procedure under a general anesthetic.

Figure 1 : Incision Location

Optional bone beds are created in the skull in which the magnets sit.

The implants then sit in the bone beds and are attached to the skull using titanium screws.
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STERIL - K102199 / SGO & Al Sophono Otomag Bone Conduction System Alpha 1(M)

Figure 3: Implant Intaltation Oiagram Liebinger 4mm facial plating screws (titanium bone screws)
for implant anchoring were validated.

Directions for explanting the magnets are also given, which are basically the reverse of implanting.

Instructions for Placement / Sizing of the Magnetic
Spacers
Magnetic Spacer Selection
As with the Headband and Softband, application of appropriate pressure to the
mastoid by the Sound Processor Is essential for proper functioning of the
system. The Alpha I (M) configuration is supplied with three strengths of
magnetic spacers to allow the fitting physician to adust the force applied to the
mastoid. Choose a magnetic spacer to achieve appropriate sound transmission
without being uncomfortable to the patient. The spacers are labeled XX, YY, ZZ
to indicate increasing magnetic strength. The patient should be instructed to
select a lower strength spacer if the pressure on the skin is uncomfortable of if
numbness occurs.

Nature and Duration of Patient Contact
The implant is placed in a surgical procedure under a general anesthetic. It is Spaulding classification
"Critical" requiring sterilization prior to implantation.

This would normally be a " Class 1 / clean" wound primarily closed.
It does violate a hair-bearing area.

It is a permanent contact device (> 30 days) per ISO 10993-1.

Materials
Patient contacting materials include Fotoplast-Lac and Titanium Grades 4 and 5 implant. The device
is latex free.

Standards PDF p 115 (Appendix A)
Standard Title FDA Declaration of Notes
# Cited & Recognized Conformance
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Date
ISO 17665- Sterilization of Healthcare Yes Yes - without Nelson
1:2006 with Products - Moist Heatl deviations, Labs
Updated Part I Requirements for the adaptations or
5 10(k) Development. Validation, exclusions
sterility and Routine
review Control of
guidance Sterilization
K90-1 and Process for
with AAMI Medical Devices
TIR 13: 1997
Principles of
Industrial
Moist Heat
Sterilization
ISO 17664- Sterilization of medical No Yes- - without Third
1:2004 devices - Information to be deviations, party lab
section 3.10 provided by the adaptations or

manufacturer for the exclusions
processing of resterilizable
medical devices

ISO 15223- Medical devices - Symbols Yes Yes- without
1:2007 to be used with medical deviations,

device labels, adaptations or
labelihg and exclusions
information to be
supplied

AAMI TIR Designing, Testing, and No Yes in 5001 without Cited by
12: 2004 Labeling Reusable Medical deviations Nelson
section 6 with Devices for Reprocessing in adaptations or labs
FDA / ODE Health Care Facilities exclusions
1996
guidance on
labeling
reusable
medical
devices
USP 32 Sterilization and sterility Cited by
<1211> assurance of compendial Nelson

articles labs
AAMI ST79: Comprehensive Guiide to Yes Yes in SOOI without Cited by
2006 with steam sterilization and deviations Nelson
AI:2008 & sterility assurance in health adaptations or labs
Z3: 2009 care facilities exclusions
Sections 8 &
9
AAMI ST8: Hospital Steam Sterilizers Yes Yes in SOO without Cited by
2008 deviations Nelson

adaptations or labs
exclusions

AAMI ST67: Sterilization of healthcare Yes Yes in S001without Cited by
2003 (R2008) products - requirements for deviations Nelson

products labeled "STERILE" adaptations or labs
exclusions

EN556-2: Sterilization of medical Cited by
2003 devices. Requirements for Nelson

medical devices tobe labs
desiginated "STERILE."
Requirements for aseptically
processed medical devices

AAMI ST77: Containment devices for Yes Yes in SOOI without Cited by
2006 Sections reusable medical device I deviations Nelson
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STERIL - K102199 / S001 & Al Sophono Otomag Bone Conduction System Alpha I(M)

4.4 & 5 sterilization, adaptations or labs
exclusions

FDA / ODE Labeling reusable medical Cited by
1996 devices guidance Nelson

labs
AAMI ST81: Sterilization of medical Yes Yes in S001 without
2004 devices: Information to be deviations

provided by the adaptations or
manufacturer for the exclusions
processing

Predicate Devices:
K100 193 Otomag Bone Conduction Hearing System - Models Alpha I(S) and Alpha 1(M).

The Xomed Audiant Bone Conductor (K855059 and K861971) use the same technology.

Sterilization and Shelf-Life: (Original app -Section 16; PDF p. 105)
Whereas the Alpha I(S) configuration had no sterile components, the Alpha 1(M) has a surgical implant that
is sterilized by the user facility prior to surgery.

Section 16: Sterilization and Shelf Life
1. Sterilization
1.1. The Osseointegrated Magnetic Implant is provided clean but not sterile and is intended
to be sterilized via gravity or prevacuum steam sterilization at the healthcare facility
immediately prior to implantation. The Physician's Manual contains appropriate
instructions for sterilization of the implant in accordance with the requirements of ISO
17664-1:2004: Sterilization of medical devices - Information to be provided by the
manufacturer for the processing of resterilizable medical devices. In addition, the
specified sterilization cycle is a commonly available cycle and has been validated in
accordance with ISO 17665-1:2006: Sterilization of Healthcare Products - Moist Heat -
Part I Requirements for the Development, Validation, and Routine Control of
Sterilization Process for Medical Devices.
1.2. Attachment I to Section 15 - Labeling contains a copy of the revised Physician's Manual
which contains details regarding pre-implant sterilization. Refer to pages II and 12 of
this manual for details.
1.3. Appendix D to the overall submission contains validation protocols and reports for the
specified sterilization cycle.
2. Shelf-Life
2.1. Not Applicable. The Osseointegrated Magnetic Implant is not supplied sterile and the
materials of the implant case (titanium grades 4 and 5) are not expected to suffer
performance degradation over the life of the overall product.

Implant Steam Sterilization Validation appears in Attachment D (PDF P.
173-192) and in 5001: Appendix 16

Reviewer summary (updated with SO1 content):
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STERIL - K102199 / SOO1 & Al Sophono Otomag Bone Conduction System Alpha I(M)

Figure 1: Inoculation site on device

Reviewer comment: While the text description of the device does not clearly identify the test samples as
the subject devices, the provided image does.

Reviewer summary continued:
SAL 10 6
Product inoculation involved wrapping an inoculated suture around a groove of the device.
Devices were placed in a cardinal health pouch  )
Sterilizer was a STERIS (AMSCO) SV-120 K030789
Load configuration: Hospital sized chamber in the cold spot (over the drain)

TABLE 1. Results for the Gravity Half Cycles

IDENTIFICATION RUN #1 RUN #2 RUN #3

Sample 1 0 0 0
Sample 2 0 0 0
Sample 3 0 0 0

Positive Control + + +
Negative Control 0 0 0

Environmental Control 0 0 0

0 = No Growth
+ = Growth

Reviewer comment: It is not clear if a chemical indicator was used inside the package with the implant.
See deficiency.
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STERIL - K102199 / SO1 & Al'Sophono Otomag Bone Conduction System Alpha 1(M)

Proposed Labeling

Physician's Manual (5001 Appendix 4, starts PDF p. 60)

Alpha 1 (M) System: Instructions for Sterilization and
Placement of the Magnetic Implant and Alpha 1
Sound Processor
Point of Use Sterilization Instructions:
Warning
0 The Alpha 1 (M) Magnetic Implant is provide non-sterile and
must be sterlized prior to implantation according to the
provided instructions. Failure to sterilize appropriate can
result in serious infection.
The Alpha 1 (M) magnetic implant is provided clean but NOT sterile. It is not
necessary to clean the implant prior to sterilization. To prepare the implant for
steam sterilization use the following steps:
* Unscrew the cap on the magnetic implant container.
* Without touching the magnetic implant, transfer the implant into the
autoclave pouch. Transfer can be simply accomplished by inverting the
implant container over the open top of the autoclave pouch.
* Immediately seal the autoclave pouch.

Caution
0 The Alpha I Sound Processor, Magnetic Implant, Headband,
and Softband are intended for single-patient use only. Do not
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STERIL - K102199 / S00I & Al Sophono Otomag Bone Conduction System Alpha 1(M)

use any of these products if they have previously been placed
in or with another patient.
Exact compliance is required with the sterilization equipment manufacturer's
instructions for use, maintenance, and periodic monitoring. The Alpha implant
can be sterilized a single time by prevacuum or gravity steam sterilization
(autoclaving). The following sterilization parameters have been validated for
sterilization of the implant.
Limitations on Reprocessing: Single Sterilization Only
Presterilization Decontamination / Cleaning / Disinfection: None Required
Cycle Type: Gravity
Sterilization Time: 15 minutes minimum
Sterilization Cycle Temperature: 132 degrees C / 270 degrees F
Packaging: Cardinal Health Self Sealing Autoclave Pouch (P/N 92510)
Storage in Sterile State: Not Allowed - Sterilization immediately pre-implant
Only

Sterilization Pouch Specifications
To ensure the validated parameters are replicated appropriately, the
following is to be used to individually pouch each implant prior to performing
the sterilization cycle:

Manufacturer: Cardinal Health, http://www.cardinal.com, 800.964.5227

Catalog Number: 92510

Size: 5.5" x 10" Paper Self Seal Pouch

Materials: Arjowiggins 60g/m 2 Paper/ CN PET 12/CPP40 Micron

Total Product Area: 0.035 m2

Paper Area: 0.035 m2

Ink: Medical Grade

Caution
Refer to the original manufacturers instructions for use for
specific directions on how to appropriately use these
sterilization pouches.

Reviewer comments: This instruction does not allow for placing a chemical indicator into the pouch with
the implant which is common practice. See deficiency.

AAMI ST79: 2006 consolidated text advises external and internal monitoring of packages containing
implants.
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STERIL - K102199 / S001 & Al Sophono Otomag Bone Conduction System Alpha 1(M)

Table 6-Sterilization process monitoring recommendations

Spacer instructions from p. 18.

Using the "Go" gage to determine the weakest appropriate magnetic
spacer
1. Starting with the one dot magnetic spacer place the magnetic spacer over

the implant. Magnetic attraction will pull the magnetic spacer toward the
implant. The magnetic spacer has two poles. Rotate the magnetic spacer
360 degrees until the magnetic spacer poles align with the implant poles
and the strongest magnetic attraction is achieved.

2. Ask the patient to sit upright with their head in a typical vertical position.
Attach the "Go" gage clip to the patient's clothing.

3. Hang the "Go" gage disk from the Magnetic spacer.
4. If the magnetic spacer detaches from the side of the patient's head, then

the spacer is too weak and the process should be repeated with
increasing magnetic spacer strengths until the magnetic spacer remains
attached to the side of the head while attached to the "Go" gage disk.

5. The lowest dot number magnetic spacer that passes the "Go" test
Indicates the weakest magnetic spacer strength that should be
recommended to the patient.
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Using the "No -Go" gage to determine the strongest applicable magnetic
spacer

1. Starting with the lowest dot number magnetic spacer that passes the "Go"
test, place the magnetic spacer over the implant Magnetic attraction will
pull the magnetic spacer toward the Implant. The magnetic spacer has
two poles. Rotate the magnetic spacer 360 degrees until the poles align
with the implant poles and the strongest magnetic attraction is achieved.

2. Again, ask the patient to sit upright with their head in a typical vertical
position. Attach the "No-Go" gage clip to the patients clothing.

3. Hang the No-Go" gage disk from the magnetic spacer.

4. The magnetic spacer should detach from the head from the weight of the
disk. If the magnetic spacer detaches from the head then the magnetic
spacer is one of the appropriate spacers for the patient.

5. Repeat this process, increasing magnetic spacer strength one dot at a
time until the magnetic spacer does not detach from head.

6. The highest number magnetic spacer that detaches from the head using
the "No-Go" test indicates the highest magnetic spacer strength that
should be used by the patient on a regular basis.

7. Any magnetic spacer that remains attached during the "No-Go" test is too
strong and should not be recommended for patients long term use.

8. If all magnetic spacers used in the "No-Go" test detach when the "No-Go"
disc is attached, then all of the spacers tested in the "No-Go' test may be
appropriate for the particular patient.

Reviewer comments:
From this description it is clear that the spacers, magnets, gages, and gage clips are used in a medical
setting and that not every device used will be delivered to the patient. These devices will touch intact skin.
It is not clear how devices tested with a patient but not given to the patient are handled / reprocessed
between patients. See deficiency.

Package labels PDF p. 99

Sojphono
MAGNETIC IMPLANT
REF: 093001

XXXX-XX
QTY: 1

EFS GmbH & Co. KG
Glasbrnnenstr. 6
75449 Wurmberg, Germany

Phone :(+49)0 2841 8870032
Fax :(+49) 0 2841 8870032

PN XXXX-XXX

5P 3
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Otomag Alpha 1 (S) Bone Conduction Hearing System

Manufacturer: 8
Otomag GmbH Aile ors7me E7. 32259 Rid'ighauser Gerany. Tet -49 5745 !504 Far +49 5745 3573
Dietrbued by: S0phone. Inc. 903 ooawn Orive. Stder. CO 603 USA. Tet +1 30364 16!3 Far +1 72D 222 2

Conents: "I

1 Alpha 1 (5) Bone Conductwo Heang Sygir= We
1PhySIcI E Mamrs

Patt MauI..d

Device Irlirlid r Sigle Patln Us0 Only1

Md n Ger Omany LU.el P'N 300H13

Reviewer comment:
I believe we currently require that the English text be displayed with each international symbol.

Patient User Manual (starts SO01 Appendix 5, PDF p. 97)

P. 6 Precautions

* Glean the Alpha 1 Processor, Headband, and Softband only
as directed. Other common household cleaning chemicals or
methods, such as washing machines, bleach, ammonia, or
spray cleaners may damage the device.

* To avoid damage to the case or the Sound Processor, do not
use household soaps or rinse / submerge the case under
water and do not wash the case in the dishwasher. Should
the case become wet for any reason, allow the case to air dry
completely before storing the Alpha 1 Processor in the case.

* When removing the Sound Processor do not pull on the
processor itself, this could result in damage to the device.

* The Sound Processor is not water proof and should not be
worn in heavy rain, in the bath or shower, or in other
environments when exposure to heavy moisture is likely.
Exposure to moisture may cause damage to the device.

Positioning instructions (p. 10)
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Alpha 1 (M)
To place the Alpha 1 (M) Sound Processor, simply guide it into the vicinity of the
Magnetic Implant. The magnetic forces will bring it to its correct position- See
Figure 3.

Figure 3. Positioning the Alpha I (M) Sound Processor on the osseointegrated
Magnetic Implant

Patient User manual section 4, p. 14 (PDF p. 110) Product maintenance cleaning and care.
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4 Product Maintenance
Cleaning and Care
SUM Prooess

* Hae yor Sound Pmcestsor dveoked at regulr mervaes as wpeafid by

* To dean your Sound Ptacessor vs" A vwit a soft daft or a ClanS*
hwe duirg wope

* The baerwy opnw may be &axwd by wywt ft out wit, a DRY
Ia swab ma can saab fathabee' wwd by a Omtroshe

RVveIte Sound ProcSor, S rnd. " MettnG

* (f tie Sound Proesrbewtuws soalged wit wtr
o h'netiLy opentebt..donandnrove the bte
o Put One Sound Proeso i a cwtww weding capsules such as

Oui-aid kA or tender cem&Lt Dryrg kis a avaitle tomr ost
hean ca pobstOak.

Th Pros s ran VI po we beens W Ste WM
ni ,fEy rat t me "u as r at o me oer"ivmflw ~o mucm "a f ot"

"x -o avu d~a RDlNOaeUa IM. SOUI P11W. 00
A ~ ~a - aecd notat e as eea 5 ww. Shots uda

the case to Lel ear an tn. toC fie cas to at
dry CM.~4lWt befe fM" the A"2~h PoCessor In VIe

" The Sound rocessor M Wrooded Mas plait came Shid, may be teed ID
stave the peW Tile ca may be Cleaned at' a deWOS "e,
dnandect" wpe Makue sune Owe on s onwle ry l eke storing
the Sound Ptos in k
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caution
* Te Sound Processor is Cesgned o operate t*un the

terrperaire ranges or41'F (5St) 10 l4*F 440-C). The
processor shoaul not be sLtject io lemperatures neb.r At=
-2C) cr abe 12tF (4SGC) at any rne.

* Protect your sound Processor from inpact and shoot.
AVOla Cropping your Sound Processor

* Do not expos :ne Sauna Flocessor to strong sunighl
* Aflays swlich your deVce afaten you renove I. If you do

not use your SOund Processor for a long -ne. remove tie
Catery and store tMe ScurJ Processor in i case

Softband and Headband
* The Headband can be cleaned w th a Cloxt type disinfecting wipe.
* The Sotband may be submerged and hand washed with a mild cothes

wash ng detergent (with or without a sma' amount of color safe bleach)
and air dried or may be deaned wit a CloroxG type disblecting wipe.

Magnetic Spacer
* The Magnetc Spacer can be cleaned mr.h a Clorxt type disinfecting

wipe.

Caution
* Clean -Ae Alpa I Processor. WagneJo Spacer, Headlard.

and Sclband only as drected. OIer common I-Usenlo
cleaning criemas or mefas. suc. as Wastrng machtnes.
treach, ammonla. or spray deaners may damage the
device.

* To avo$3 darnage to the case or the Sound Processor, do
not nse riousanos soaps or ase r submerge tie case
under wan; and d0 no01 wash me case in 'le dishwasler.
Snou'd tie case become A: for any reason, allow the case
to a' ry cor.pletery before storing the Alpha I Frocessor I.
the case.

Below from p. 17:

Patient-contacting Materials
Implant Material: The implant consists of a Samarium Cobalt sealed in a
Titanium case.

Softband Material: The Softband is constructed of an elastic band and consists
of approximately 85% nylon/15% Spandex.

Portion of Headband or Softband that presses against the mastoid:
Fotoplast Lacquer 3 (light-curing one-component lacquer)

NO components or packaging for the Otomag Bone Conduction Hearing
System contain latex.

Reviewer comments:
"mastoid" should be explained.
"latex" should be replaced by "natural rubber latex."
See deficiencies.
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The subject device is not clearly identfied in the report
The device does not appear to be labeled nonpyrogen ic.
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See deficiencies.

(b)(4)
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volume and different results. See deficiency
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Review of Sponsor responses to Deficiencies:

Deficiency 12: You do not address several issues that impact on the potential for surgical site infections
postoperatively. Please address the following:

a) Your magnets appear to be implanted in a hair-bearing area. Surgeries in hair-bearing
areas are at risk for surgical site infections (Mangram et al., 1999). Your Surgeon's
manual does not address the removal of hair from the surgical area preoperatively.
Please address this concern.

b) You do not advise any skin preparation (topical antimicrobials) prior to making the skin
incision. Please address this concern and revise your Surgeon's instructions if indicated.

c) You do not advise any antibiotic prophylaxis for implanted patients. Please discuss
whether antibiotic prophylaxis is recommended with your implants and revise the
Surgeon's instructions if indicated.

References:

Fairbanks, D. N. F. (207). Pocket Guide to Antimicrobial Therapy in Otolaryngology-Head
and Neck Surgery (13 Ed.) Alexandria, VA: The American Academy of Otolaryngology-
Head and Neck Surgery Foundation. Available from
httpi/www.entnetorg/EducationAndResearch/upload/AAO-PGS-9-4-2.pdf

Mangram, A. J., Horan, T. C., Pearson, M. L., Silver, L. C., Jarvis, W. R., & HICPAC.
(1999). Guideline for Prevention of Surgical Site Infection, 1999. Atlanta, GA: USDHHS I
PHS / CDC / NCID / HIP. Available from
httpiwww-cdc.gov/ncidodldhqp/pdf/guidelines/SSI.pdf
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Response 12: As requested by FDA in Parts a and b of this deficiency, the Physician Manual has been
updated to address the removal of hair from the surgical area preoperatively as well as skin
preparation (topical antimicrobials) prior to making the skin incision. The following section has
been added to the Physician Manual.

Surgical Site Preparation:

The hair should be clipped and the scalp shaved at the incision site immediately before
surgery. With the incision site skin free of gross contamination, apply antiseptic (such as
iodophors, alcohol-containing products, or chlorhxidine gluconate) in the area of the
proposed incision to an area large enough to allow for the extension of the incision or
creation of a new incision or drain sites (if necessary).

Although under typical circumstances antibiotic prophylaxis would not be necessary, per the
FDA's request in Part (c) of this deficiency, the Physician Manual has been updated to
address antibiotic prophylaxis. The following section has been added to the physician
manual.

Pre-Surgical Antibiotic Prophylaxis:

Antibiotic prophylaxis should be considered if the surgeon determines that this surgical
procedure may be associated with a considerable risk of infection or if a post operative
infection would cause a serious hazard to the patient's recovery or well being.

FDA Review of response to Deficiency #12: ACCEPTED.

b. Preoperative hair removal
Preoperative shaving of the surgical site the night

before an operation is associated with a significantly high-
er SSI risk than either the use of depilatory agents or no
hair removal. 16 &00ooIseWs In one study, SSI rates were 5.6% in
patients who had hair removed by razor shave compared to
a 0.6% rate among those who had hair removed by depila-
tory or who had no hair removed.son The increased SSI risk
associated with shaving has been attributed to microscopic
cuts in the skin that later serve as foci for bacterial multi-

plication. Shaving immediately before the operation com-
pared to shaving within 24 hours preoperatively was asso-
dated with decreased SSI rates (3.1% vs 7.1%): if shaving
was performed >24 hours prior to operation, the SSI rate
exceeded 20%.l6 Clipping hair immediately before an oper-
ation also has been associated with a lower risk of SSI than
shaving or clipping the night before an operation (SSI rates
immediately before = 1.8% vs night before = 4.0%).173
Although the use of depilatories has been associated with a
lower SSI risk than shaving or clipping,664.67 depilatories
sometimes produce hypersensitivity reactions. 66 Other
studies showed that preoperative hair removal by any
means was associated with increased SSI rates and sug-
gested that no hair be removed.00 .74 175

Reference:
Mangram, A. J., Horan, T. C., Pearson, M. L., Silver, L. C., Jarvis, W. R., & HICPAC. (1999). Guideline
for Prevention of Surgical Site Infection, 1999. Atlanta, GA: USDHHS / PHS / CDC /NCID / HIP. P. 15.
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Available from http://www.cdc.gov/ncidod/dhqp/pdf/guidelines/SSI.pdf

INFECTION PROPHYLAXIS IN SURGERY.
For CLEAN SKIN-ONLY INCISIONS IN HEALTHY PATIENTS, risk is low, sterile technique is
sufficient, and antimicrobial prophylaxis is generally unnecessary.
Microbiology: Staph. aureus (including meth-resistant strains: MRSA-), Staph. epidermidis
Drug choices (if circumstances deem necessity):
Primary:
IV: cefazolin (Ancef, Kefzol)
I Gm before anesthesia induction
OR
Oral: cephalexin (Keflex)
500 mg I b pre-op
- If MRSA suspected or prevalent: TMP/SMX
oral, Vancomycin or Tygecycline IV (p. 49)
Alternative:
IV: clindamycin (Cleocin)
600-900 mg (slow drip) before anesthesia
OR
Oral: clindamycin (Cleocin)
150-300 mg I b pre-op

Per Fairbanks, 2007, p. 66-68, "surgery for prosthetic device implantation" may or may not be an
indication.

Per Mangram et al, 1999
AMP is sometimes indicated for operations that
entail incisions through normal tissue and in which no viscus
is entered and no inflammation or infection is encountered.
Two well-recognized AMP indications for such clean
operations are: (I) when any intravascular prosthetic material
or a prosthetic joint will be inserted, and (2) for any
operation in which an incisional or organ/space SSI would
pose catastrophic risk. Examples are all cardiac operations,
including cardiac pacemaker placement,290 vascular operations
involving prosthetic arterial graft placement at any
site or the revascularization of the lower extremity, and
most neurosurgical operations (Table 4). Some have advocated
use of AMP during all operations on the
breast.80,242,

Deficiency 13 Your implant is steam sterilized by the end user facility immediately prior to surgical
implantation. You advise that the user facility does not need to clean the implant and you
describe a no-touch technique for transferring the implant from your package to the user
facility's sterilization pouch. Your Surgeon's instruction manual (p. 11) mentions a container
with a screw cap coming from the manufacturer. Please address the following:

a) Please fully describe your primary, secondary and tertiary packaging for the implant as
applicable to complete the record and to assist our evaluation of your user instructions.

b) Please provide assurance that your manufacturing process removes both inorganic and
organic residues prior to packaging. This information can be briefly summarized in one or
two paragraphs.

c) Please state whether your manufacturing process renders the implant to have less than
0.5 EU / ml or < 20 endotoxin units / device per AAMI ST72: 2002 Bacterial endotoxins -
Test methodologies, routine monitoring, and alternatives to batch testing or USP <85>
Bacterial Endotoxins Test. Please address the case of bilateral implants.

d) You describe the recommended sterilization pouch for the end user facility by
manufacturer and part number. Please expand this description (Surgeon's manual p. 12)
to include the materials and size of the pouch to better assure that the validated
conditions are replicable by the end user facility.
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Response 13a: Per the FDA's request in Part (a) of this deficiency, the following paragraphs briefly describe
the primary, and secondary packaging for the implant. There is currently no tiertiary
packaging. In addition, the device description has been updated to contain this information.
The revised device description is included in Appendix 3 and the packaging specifications
can be found in Appendix 9 of this response.

Primary Packaging

The primary packaging for the Alpha 1 (M) Sound Processor Implantable Device is a high
density polyethylene (HOPE) tube (PIN 50072) with a screw top lid supplied by the
Implant Vendor (Eberle EFS). The lid is covered with a perforated shrink band to
provide a tamper- evident seaL This package is opened by the clinician at the time the
implant is transferred into the sterilization pouch described in the labeling. The implant
label is placed on the primary package. This label contains key symbols, the words
'Non-Sterile', the serial number of the implant, quantity, and manufacturer information.

Secondary Packaging

The secondary packaging consists of a small corrugated box (8'x6'xl.5', PIN 50043) into
which the primary packaging is inserted along with a copy of the Physician's Manual. The
box is sealed with packaging tape and the shipping contents label is applied to the
outside of the box. The exterior label on this package appears as follows:

Otomag Alpha 1 [M) Bone Conduction Hearing System (Implant)

Manufacturer: dl
OtramngGnbH Alle Dcrfsrasse 07. 3229 RIdsgausnn Gern. Tet +49 5748 85D4 Far +49 5745 8578
Distihted by: Sophono. Inc. 3022 Stering Ccle. SuW 100. Bouder. CO 80301 USA. Tet +1(720) 40751WD Far 1720
4075165

Contots: srr

1Pysicia M3nuaI KPt k ~
DeviCe Intm Mr single Patent is aonlyl

rane In Gomnany Label PIN S00750

FDA review of response to deficiency #13a: PARTIALLY ACCEPTED

The external package label should bear the symbol for "non-sterile."

Response 13b: In response to the FDA's request for additional information in Part (b) of this deficiency, the
organic and inorganic residues are removed prior to packaging as part of the manufacturing
process. The validation test results attached in Appendix 15 demonstrate that contamination
due to the manufacturing processes and handling is being adequately removed. Please note
that the first two of these documents are certified translations of the original test reports that,
were originally written in German. Testing was performed on finished, packaged implants.
The testing focused on microbial contamination, particulate contamination, endotoxins, and
other process contaminants as listed below:

* Bio burden Level per DIN ISO 11737-1

* Particulate Contamination Level per ISO 8536-4

* Endotoxin/LAL per ANSUAAMI ST72:2002 and the FDA Guidance documents
describing LAL Testing.

* Cytotoxicity Testing per ISO 10993-S

FDA review of response to Deficiency #13b: PARTIALLY ACCEPTED
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There are two endotoxin testing reports with conflicting information.

Response 13c:As described above, testing has been completed demonstrating that the bacterial endotoxin
levels on the finished device are <0-0050 EU /ml or < 0.12 EUI Device. Refer to Appendix
15 for detailed test results.

FDA review of response to Deficiency #13c: PARTIALLY ACCEPTED.

There are two endotoxin testing reports with conflicting information.

Response 13d: Per the FDA's request in Part (d) of this deficiency, the Physician Manual has been updated to
contain additional sterilization pouch information to ensure the validated conditions are
replicatable by the end user. The updated Physician Manual is contained in Appendix 4, and
the text that was added to address this deficiency is as fot0ws:

Sterilization Pouch Information

To ensure the validated parameters are replicated appropriately, the following is to be
used to individually pouch each implant prior to performing the steriization cycle:

Manufacturer: Cardinal Health, http:/twwwcardinal.com 800.964,5227

Catalog Number. 92510
Size: 5.5' x 10' Paper Self Seal Pouch

Materials: Arjowiggns 60grn 2 Paper I CN PET 12/CPP40 Micron
Total Product Area: 0.035 m
Paper Area: 0.035 n
Ink: Medical Grade

Caution
Refer to the original manufacturers instructions for use forAx specific directions on how to appropriately use these
sterilization pouches.

FDA review of response to Deficiency #13d: PARTIALLY ACCEPTED

The external package should bear a chemical indicator which should be described.

Deficiency 14: You advise that titanium screws must be used to fix your implant to the patient's mastoid
bone. Please address the following:

a) Please clarify if you supply the titanium screws or if you recommend the use of screws
available from another vendor. If the latter, please detail in your Surgeons' instruction
manual the material, length, width and any other important features of the screws that
should be used. In addition, you should advise users of the exact screws that have been
validated as compatible and optimal, by manufacturer, device name, and part number.
Your instructions should make it clear that the screws must be sterile and should either
provide sterilization instructions or should refer to the original manufacturer's instructions
for sterilization, unless the screws are provided sterile from the manufacturer.

b) Most bone screw I implant systems involve 'rescue screws." Please advise users what
they should do if the initial attempt to place a screw doesn't work, and what the maximum
screw size is that can be used with your device.
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Response 14: To address FDA's coicem, the information regarding the screws to be used to attach the
implant has been supplemented to:

* Fuly specify the screws to be used including manufacturer, description, and part
number

* Specify that the screws must be sterile and that the physician must folow the
manufacturer's instructions related to use and sterilization (If purchased non-sterie)

* Specify an emergency 'Rescue' screw to be used in the event of problems with
placement of the original screw. This Includes information on the Maximum screw size
Miat can be used with the Implant.

The following additions have been made to the Physician Manual. Please refer to Appendix
4 fir a copy of the revised manual. Appendix 14 contains valdation protocols and reports
related to the screw sizes specified in the revised Physiclan Manual.

Alpha 1 (M) System: Compatible Screws

Notes
The Alpha I (M)implant requires 5 screws for implantation
that are NOT included with the Implant.

Screws

The Alpha 1 (M) implant requires 5 screws to be used to affix the implant to the skull.
These screws are NOT included as part of the Alpha 1 (M) implant system and must be
obtained separately.

The implant bracket holes are sized to accept StrykerLeibinger 1.7 mm diameter
Craniomaxilofacial titanium Self Tapping Screws (Gold) and 1.7 mm diameter Self
Drilling Screws (StIver) in 4 mm lengths and 1.9 mm Emergency Screws (Purple) in 3 mm
lengths.

Craniomxitflofaa 1.7 mm dia. x 1.7 mm dia. x 1.9 mm dia. x
4.0mm 4.0 mm 3.0 mmTitanium Screws Self Tapping Self Drilling Emergency

Stryker/Leibinger 50-17004 50-17904 50-19003Part Numbers

While all screw sizes /types specified above have been validated for this application, the
Stryker/Leibinger 1.7mm x 4 mm self drilling screws, part number 50-17904 is considered
optimal.

Other commercially available craniomaxilo facial titanium screws may be used as long as
the screw shaft diameter is less than 2.0 mm and the screw head size is greater than
2.45 mm. Screw must be 4 mm in length (3mm for emergency screws).

The screws must be sterile prior to implantation. If the screws are not purchased sterile,
refer to the screw manufacturer's instructions for sterilization.

Wamning

d Purchased screws may be provided non-sterile and if so
must be sterlized prior to implantation according to the
manufacturers instructions. Failure to sterilize appropriate
can result in serious infection.

Caution

A~ Refer to the screwls original manufacturer's instructions for
:. use for specific directions on howi to use the screws.

If the initial attempt to place a screw does not work and the screw hole becomnes
'stripped'emergency 'rescue* screws can be threaded into the stripped hole. The
largest size screw that can; be used is 1. 9 mm in diameter.

FDA review of response to deficiency #14: ACCEPTED
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Deficiency 15: You advise users (Surgeon's manual, p. 11) that they must follow your sterilization
instructions precisely. Please address the following:

a) You state (Surgeon's manual, p. 12) that either pre-vacuum or gmvity steam
steiization can be uti'ized for an exposure time of 15 minutes minimum at 132
degrees C. While this time and temperature are common hospital gravity steam
ster'izer parameters, they are uncommon (and unvalidated per your Nelson Labs
report) parameters for prevacuum steam sterilization (per AAMI ST79: 2006 and Al:
2008 and A2: 2009 consolidated text. Tables 4 & S Comprehensive guide to steam
sterfnization and stefflity assurance in healthcare facifies). Please remove your
recommendation for pre-vacuum steam sterilization, or perform and document a pre-
vacuum steam sterilization validation for your implant.

b) Your gravity steam sterilization validation study report does not state the chamber
size utilized for the study. Please provide assurance that a hospital-sized sterilization
chamber was used, and that neither an industrial-sized, nor a table-top sized
chamber were used-

Response ISa: Per the FDA's request in Part (a) of this deficiency, the Physician Manual has been
updated to remove the recommendation for pre-vacuum steam sterilization. The updated
Physician Manual is contained in Appendix 4. and the text that was added to address this
deficiency now reads as fo!lows:

* Limitations on Reprocessing: Single Sterilization Only

* Presterffization Decontaminabon/ Cleaning/ Disinfection: None Required

* Cycle Type: Gravity
* Sterilization Time: 15 minutes minimum

* Sterilization Cycle Temperature: 132 degrees C/270 degrees F

* lying Time: 30 minutes minimum
* Packaging: Cardnal Health Self Sealing Autoclave Aoach (PIN 92510)
* Storage in Stenle State Not Aflowed - Sieriflizafton immediately premplant only

FDA review of Response to deficiency #15a: ACCEPTED

Response I 5b: In response to FDA's request for additional information in Part b. of this deficiency, the
sterilization chamber used for the validation study report has been clarified via an
amended Steam Sterilization Validation Report contained in Appendix 16. The chamber
that was used in the original study was and FDA cleared, hospital sterilization chamber
with the following specifications. Our used of the device in the study was consistent with
the cleared intended use of the device:

Manufacturer Steris (Amsco)

Model Number SV-120

Size: Size 16' x 16' x 26'

510K Number K030789

FDA review of response to deficiency #15b: ACCEPTED
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Deficiency 16: You do not recommend (Surgeon's instruction manual, p. 12) or validate (Attachment D)
a drying time for your implanted magnets. Please address the foflowing:

a) In your Surgeon's manual (p.11), in the section v.here you describe the preparation of
the implant for sterilization, you state 'Drying of the device is not required. This
statement seems to be illogically placed and not relevant to the preparation for
sterifization, since none of your recommended preparation steps involve making the
implant wet Please justify or delete this statement

b) Your Nelson Labs sterilization validation protocol (Attachment D) includes a plan and
method for validating drying associated with steam sterilization. However, the
sterilization validation study repart contains no validation of drying, and therefore it
appears that a drying validation was not conducted. We believe that a drying
validation study is necessary. Please explain the discrepancy between your protocol
and validation study report and justify the lack of a drying validation study.
Alternatively, please submit the missing drying validation study.

As communicated in "Labeing Reusable Medical Devices for Reprocessing in Health
Care Fealities: FDA Reviewer Gudance (available at
http:/AAw.fda.govicdrthodeJ98.pdf), manufacturers are responsible for including at least
one validated, technically feasible sterilization method in their product labeling. Each
sterilization instruction should include all critical cycle parameters. We regard drying as a
critical cycle parameter, because wet instrument pouches exposed to environmental air
and surfaces can become contaminated by microbes on strike through (Le., wcking).
Even though your implant is to be sterilized immediately before the surgery, we believe it
must go through the drying part of the steam cycle in order to maintain sterility during
preoperative handling.

Response 16a: Per the FDA's request in Part (a) of this deficiency, the Physician Manual has been
updated to remove the statement "Drying of the device is not requirec. Refer to the
Response to 15(a) above and Appendix 4 to this response for the revised version of the
Physician Manual.

FDA review of Response to deficiency #16a: ACCEPTED
Response 16b: Per the FDA's request in Part (b) of this deficiency, a drying validation study was

completed and the results of the study are contained in Appendix 17. The study validated
a minimum drying time of 30 minutes to achieve the <3% residual moisture (from AAMI
TIR 12, 2004). The sterifization cycle in the Physician Manual has been revised to
contain the specifications for drying time as shown in the response to Deficiency 15(a)
above.

FDA review of Response to deficiency #16b: ACCEPTED

Deficiency 17: Your sound processor uses a magnetic spacer, apparently available in one of *three
strengths (XX, YY, & ZZ)* to connect the sound processor with the magnetic implant
Judging by the image of the spacer in the patient manual, the spacer may differ in design
and materials compared to its counterpart in the cleared system (K100193). You do not
fully characterize the spacer. Please provide a fulI description of the spacer and specify
when and how it is used. In order for us to evaluate whether your cleaning instructions for
reuse are adequate, we need to know whether it contacts intact or nonintact skin (eg.,
unhealed surgical incision, psoriasis, eczema). If it will contact nonintact skin, it becomes
Spaulding classification, 'semi-criticaP' requiring a validated method of high-level
disinfection between uses. Alternatively, you should contraindicate its use with non-intact
skin.
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Response 17: In response to the FDA's questions, the magnetic spacer is fully characterized in the
spefiction document in Appendix 18- In summary, aind in addtian to the information in
the orignl 510(k) submission, page 45 of 192 (Section 5.6). The Magnetic spacer
consists of nickel plated neodynium in boron magnets encapsulated in 100% Foloplast
ISO, a biocompatible, light-curing plastic and then covered in a Vin layer of Lacquer
(Fotoplast Lacquer 3. the same materials the patient spacer of the soft band and
headbands cleared In K100193).

As a part of developing aur responses to FDA's identified deficiency, Sophono has
decided to Increase the number of available magnetic spacers to a oal of 5. The reason
for the additon was to give the physician liner force resolution when selecting he correct
magnetic spacer for a given palients. Section 5.3 of the physician Manual has been
revised to warn the physician that magnetic spacers we only for use with minact skin (e.g.
no unhealed surgical incision, psorioss, or eczema). The following information has been
added to the Physician Manual:

Plecent of Um Alph 1 () Audio rocessor

Approxinatey 4 weeks after the incision aite has heeled and a signs of
ianfrlamon are gone, the patient may be t with the Alphe 1 (M) Audio
processor

Warning
* Do not use of the Alpha 1(M) configuiration of the

device if the skin contact area of the sound processor
is compromised in any way (i.e. - unhealed incision,

A\ psoriasis, or eczemna). Failure to follow this warig
may result in prolonged healing, further irritation, or
iflectio.

FDA review of response to deficiency #17: PARTIALLY ACCEPTED

The content is still unclear as to whether the devices used for the fitting test are for single or multiple
patients. If for multiple patients, they need cleaning and low level disinfection between patients.

Deficiency 18: Your sterility validation contractor, Nelson Labs, cites a number of standards and
guidance documents that guide their methods. You submit declations of confounance
for just two of these. You should submit a declaration of conformance form (FDA form
3654) for each standard or guidance cited by Nelson tabs.

Response 18: Per the FDA's request m this deficiency. the submission has been updated to include
declarations of confornce for the standards cited in the Steam SieiTidton Validation
Report and copies of our revised Decration of Conmity aid additional Fanus 3654
ae included in Appendix 10. We now additionally claim liited or full compliance with
the following additional standards

* AAMI TIR 122004 Designing, testing and tabeling reusable medical devices for
reprocessing in health care facilities: A guide for medical device manfacturrs

* AAMANSI ST8:2008, Hospital steam sterilizers
* AAMIANSI ST67:2003/(R) 2008,Steriizaton of health care products -

Requirements for products tabeled -STERILE'

* AAMI / ANSI ST77:2006, Containment devices for reusable medical device
steritation

* AAMANSI ST79:2006,A1:2008A2:2009 Comprehensive guide to steam
sterilization and sterility assurance n health care facilities

* AAMitANSI ST81 2004. Information to be provided by the manufacturer for the
processing of restertizable medical devices

* ASTM F136 - 08el: Specification for Wrought Titanir- Aluminumn-4 Vanadium
EU (Extra Low Interstitial) Alloy for Surgical Implant Applications (Added from
Response 20)

* ASTM F67-06: Siardard Specification for Unalloyed Titanium, for Surgical Implant
Applications (Added from Response 20)
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FDA review of response to Deficiency #18: ACCEPTED

New Sterility / Re-use Deficiencies were communicated interactively
by V. Dasika to the Sponsor by e-mail as deficiencies #4-14, and the
Sponsor submitted responses interactively on 1/19/2011.

FDA Deficiency #4:

4. You provide evidence of bacterial endotoxin testing (S001, Appendix 15). Appendix 15 contains two
reports from two different contractors: 

 Please address the following concerns:

a. Neither report clearly identifies the subject device as the device tested and reported.

Response 4a: The initial report dated March 12, 2010 was requested by the implant manufacturer 
 and its content was supplied in support of the test report requested by Sophono and

conducted by Nelson labs. The content of the original report is not within Sophono's control
to revise to better clarify the configuration of the device tested. However, the test report
created by Nelson Labs was commissioned by Sophono and the part number 
representing the configuration tested was documented in the original report. This part
number is reflected in the primary implant label provided to FDA in the original submission
package. However, to address FDA's concern, the report has been formally amended by
Nelson to contain additional description of the device configuration tested. The device
configuration tested was the finished implant as manufactured and packaged by Eberle. This
is the exact configuration intended to be marketed by Sophono. A copy of the amended
report is contained in Appendix 1 to this response.

FDA review of response to #4a: ACCEPTED

The following new content is in the amended Nelson Labs report.

Note: The devices tested and reported herein, , are client's subject device,
which is the finished packaged magnetic implant supplied in a plastic vial.

b. Each report uses the LAL kinetic turbidometric method, but each reports a different assay sensitivity
(0.001 EU / ml and 0.005 EU / ml respectively)

Response 4b: Regarding the concern about the variation in assay sensitivities, there is no defined
requirement in any standard for specific test sensitivity when testing bacterial endotoxins.
The test sensitivity, along with the endotoxin release limit, are used to determine the
Maximum Valid Dilution (MVD) or maximum amount of extraction volume prior to testing.
The calculation for this is as follows:

MVD / Maximum Extraction Volume = Endotoxin Release Limit I Sensitivity

Therefore, the sensitivity across different tests is allowed to vary, as long as the MVD /
maximum extraction volume is not exceeded during testing.
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c. Each report uses a different extraction volume 
Response 4c: Regarding the concern about variation in extraction volumes  there is not a

required extraction volume specified within the 1987 FDA guideline on LAL or any other
recent document. The 1987 FDA guideline on LAL suggests an extraction volume of

40mL/Device, which was is the volume that was used in report . However, in
testing performed under report , a lower extraction volume was used to achieve a
higher sensitivity. In this case, the 24 ml used was sufficient to entirely cover the test articles
for the complete duration of the test. Test labs will often use different extraction volumes due
to varying device configurations and equipment. The extraction volume has little impact on
the evaluation of the endotoxin burden as long as adequate detection sensitivity is
maintained.

d. Each report obtains different results, although all are within accepted limits.

Response 4d: We acknowledge FDA's concern, however small variations in endotoxin are expected- In this
case, the estimated difference in the two results  approximately
166 times lower than the acceptance limit, indicating the actual variability in the result is very
small. Both test methods yielded results that met acceptance criteria as defined by the 1987
FDA Guideline on LAL, ST 72, and USP <85>.

e. Please clarify if your implant is labeled as non-pyrogenic. If it is, please provide an image or mock-
up of the labeling bearing the information. If it is not, please explain the lack of non-pyrogenic
labeling. This information should also be framed in the context of the labeling of your predicate
devices:

After additional interactive clarification, this deficiency #1 e was amended to read:

e) (as amended) You provide your implant component of the device as non-sterile to be
sterilized by the end user facility prior to surgery. You request to know if this situation can
justify the lack of non-pyrogenic device labeling. If the implant is manufactured and
delivered to the end user as non-pyrogenic, please explain why a simple packaging
transfer prior to sterilization by the end user will introduce pyrogens. In addition, please
discuss the non-pyrogenic labeling (or lack of labeling) of each of your predicate devices
as part of your justification if you want to deviate from the standard (AAMI ST72).

Response 4e: To address the deficiency identified by FDA, the primary and secondary labels have been
revised to include the statement "Non-Pyrogenic". These labels can be seen in Response 8
within this document. Additionally, the Patient Manual and Physician Manual have been
revised to specify the device as Non-Pyrogenic. The updated manuals are contained in
Appendices 2 and 3, and the text that was added to address this deficiency is as follows:
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The Magnetic implant of the system is provided clean and non-pyrogenic, but is not
sterile. The implant is intended to be sterilized via gravity sterilization at the
healthcare facility immediately prior to implementation.

Additionally, FDA requested Sophono discuss the labeling of the predicate devices. The
primary predicate for this submission, the Alpha 1(S) version of this device does not contain
and implant nor other sterile components and therefore the labeling does not contain a
statement regarding pyrogenicity. The labeling for the secondary predicate, the Audiant
Device, is not currently available through any means available to Sophono. However,
Sophono agrees with FDA's recommendation to add non-pyrogenic to the labeling. This is
supported by the provided test data, and Sophono does not believe the packaging transfer,
as specified in the Physician Manual, will add additional pyrogens.

FDA review of responses to deficiencies #4 b-d: ACCEPTED.

My main point was to detail how these were different studies and to ask which study is final and used for
decision-making about labeling. They have complied with the relevant standards and appropriately labeled
their implant as non-pyrogenic. The Nelson Labs, US-based study is the final study.

FDA Deficiency #5:

5. Your implant is gravity steam sterilized by the healthcare facility prior to the implant procedure.
AAMI ST79: 2006 (consolidated text with Al: 2008 & A2: 2009) Table 6 advises that packages
containing implants have both external and internal chemical indicator (i.e., "steam indicator")
monitoring. This monitoring is important to use in addition to various other load and sterilizer
monitors. Please address the following:

a. Your gravity steam sterilization validation study utilized a Cardinal Health medical grade paper self
seal pouch (size 5.5" x 10"). Please describe what external chemical indicator monitoring it contains.

Response 5a: As requested by FDA, Sophono has obtained a description of the chemical indicator used in
the gravity steam sterilization validation study. The indicator is manufactured by Cardinal
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Health and provides dear indication of adequate steam sterilization as shown below- In
addition, this pouch also contains a gas indicator. The indicator is a part of the specified
stenlization pouch and provides a colored bar that darkens upon complete exposure to steam
processing- A picture of the chemical indicator appears as follows:

FDA review of response to #5a: ACCEPTED

b. Please describe the chemical indicator monitor used inside the package during the validation study.

ResponMse 6b: In response to FDA's request for a description of the chemical indicator used during
execution of the validation study, a chemical indicator was not used and would not have been
appropiate for this study. The validation study was completed using the Overkill Method as
described in ISO 17665, which validates a sterilization process utilizing half cycle exposures.
As a result of using the Overkill Method, a chemical indicator would not have appropriately
indicated completion of the sterilization cycle. Instead of a chemical indicator, a biological
indicator (BI) was used to demonstrate completion of the % cycle through death of the target
organism contained on the Bl.

FDA review of response to #5b: ACCEPTED

c. Your latest physician instruction document does not advise users to add a chemical indicator inside
the package with the implant. If use of a chemical indicator was not validated, please provide a
strong justification for this. Otherwise, please revise your user instruction to include this step.

P 3o
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Response 5c: As justified in Response 5b, an internal chemical indicator was not used during validation
activities. A BI was used to ensure the defined cycle adequately sterilized the device.
However, Sophono acknowledges the need for an internal indicator. Sophono has identified
an indicator strip manufactured by Steris specifically for use with Sophono's cycle parameters
(270F, 15min). The technical information and specification for this strip are contained in
Appendix 5

Per FDA's request, the Physician Manual has been revised to include use of this
recommended indicator inside the package during sterilization of the implant. The updated
Physician Manual is contained in Appendix 3, and the text that was added to address this
deficiency is as follows:

FDA review of response to #5c: PARTIALLY ACCEPTED

See new deficiency related to the content below.

Internal Steam Indicator Strip Specifications
Each time an implant is steam sterilized, place a single indicator strip
conforming to the following specifications into the inside of the specified pouch.
Follow manufacturer's instructions for interpretation of results

Manufacturer: Steris

Description: Verify@ Sixcess® 270F 15 Minute Indicator - Long

Catalog Number: PCC031
Cycle Use: 2700 F (1320C), 15 minute steam sterilization processes

Type: Single Use Only

FDA deficiency #6:

6. You appropriately do not validate "flash" steam sterilization for your implant. Flash sterilization is
not appropriate for implants due to the potentially severe consequences to the patient from placing
even a minimally contaminated device in an essentially avascular environment (Rutala et al., 2008,
p. 60 and AAMI ST79: 2006 (consolidated text), p. 3). Your latest physician instruction document
does not mention flash sterilization. Many metal devices that are sterilized by steam can undergo
flash sterilization. To reinforce current knowledge and best practice, we recommend that you add a
warning to your physician instructions advising that the implant should not be flash steam sterilized.
Facilities should have an adequate supply of devices such that if an implant is dropped or otherwise
contaminated, another sterile implant is available for use. In addition, because of this common best
practice, your instructions should advise users what they can do with implants that are sterilized to
be ready for a case but are not used (i.e., can they be stored and / or can they be repackaged and
sterilized again before another case, or must they be discarded).

References:

AAMI ST 79: 2006 with Al: 2008 and A2: 2009 (consolidated text): Comprehensive guide to steam
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sterilization and sterility assurance in health care facilities.

Rutala, W.A., Weber D. J., & HICPAC. (2008). Guideline for Disinfection and Sterilization in
Healthcare Facilities, 2008. Atlanta, GA: Centers for Disease Control Available from
http://www.cdc.gov/ncidod/dhqp/pdf/guidelines/DisinfectionNov-2008.pdf

Response 6: Based on the concerns raised by the FDA, Sophono has updated its Physician Manual to
include a warning that the implant is not intended to be flash steam sterilized. The updated
Physician Manual is contained in Appendix 3, and the text that was added to address this
deficiency is as follows:

Warning
The Alpha 1 (M) Magnetic Implant is not intended to be flash
steam sterilized. Flash steam sterilization has not been
validated to effectively sterilize the device-

Based upon FDA's further comments, a statement has been added to the Instructions for
Sterilization section of the Physician Manual recommending the availability of a sterilized
backup implant in the event the intended implant becomes contaminated during the
implantation procedure. The revised text further instructs the Physician that the unused
devices may be stored in the original container or in the sterilization pouch. However, the
implant must be repackaged and restenlized just prior to surgical implantation in accordance
with the instructions. The text that was added to address these concerns is included within
Response 5c.

Exact compliance is required with the sterilization equipment manufacturers
instructions for use, maintenance, and periodic monitoring. The Alpha implant can
be re-sterilized by gravity steam sterilization (autoclaving) if it is not used during the
implantation procedure. The following sterilization parameters have been validated
for sterilization of the implant.

Limitations on Reprocessing: Magnetic implants may be resterilized if not
used during the implant procedure. Implants may be stored in the sterilization
pouch or the original screw-top cylinder. However, the implant must be
transferred to a new sterilization pouch just prior to sterilization and implant.

FDA review of response to #6: PARTIALLY ACCEPTABLE

This raises issues with the non-pyrogenic labeling and with validation of device functionality. See new
deficiencies.

7. Your "go, no-go" test devices (spacers, magnets, fitting gages, and gage clips) are used in a medical
setting, but are not clearly described as to whether they are for single patient use or multiple patient
use. Please clarify their description on this point. If any of these devices can be used with more than
one patient, please describe appropriate cleaning and low-level disinfection of the devices between
patients.

9Y2
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Response 7: In response to FDA's question regarding the use of the "go, no-go" test devices, they are
intended for multi-patient use. The go, no-go test accessories simply hang from the magnetic
spacer and do not have direct patient contact. Prior to being used on a different patient the
accessories must be cleaned with a Clorox@ type disinfecting wipe. This. information has
been added to the "instructions for Placement / Sizing of the Magnetic Spacers" section of
the Physician Manual. Refer to the text below and Appendix 3 for the revision to the
Physician Manual.

FDA review of response to #7: PARTIALLY ACCEPTED

The new content for user instructions:

The "Go" and "No-Go" gages used in the selection of the appropriate magnetic
spacers may be re-used with multiple patients. However, prior to using with
another patient the accessories must be cleaned with a Clorox@ type disinfecting
wipe.

Clorox wipes are available for home use but may or may not be available in medical settings. Medical
settings have EPA-registered hospital disinfectant wipes.

8. You provide a description of primary and secondary packaging (Response to deficiency #13a).
Please include the symbol for "non-sterile" on both the primary and secondary package labels for
clarity and completeness.

Response 8: As requested by the FDA, the implant's primary and secondary labels have been revised to
include the symbol for "non-sterile." The primary packaging label appears as follows:

FDA review of response to #8: ACCEPTED

Labeling Deficiencies

9. Your physician labeling (Appendix 4, p. 8) includes the symbol and English text for "latex free."
However, the latest Agency- accepted language is "contains no natural rubber latex." Please retain
your current icon / symbol (p. 8), but change the English explanatory text to "contains no natural
rubber latex." This list of symbols should also include the symbol for "Nonsterile" in reference to
the implant.

Response 9: In response to the FDA's request, the phrase "latex free" has been replaced with the
phrase "contains no natural rubber latex" in both the Patient and Physician Manual.
Additionally, the "Nonsterile" symbol was added to the Symbols section within the
Physician Manual. The updated Patient and Physician Manuals are contained in
Appendices 2 and 3, respectively.

FDA review of response to #9: ACCEPTED

Patient Labeling:

10. The contraindications (p. 8) are unconventionally placed and the wording is not entirely appropriate
for patients. Please revise the location and content of this section to address the following:

a. Contraindications typically appear before warnings and precautions.
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b. Please define all medical terminology and multisyllabic words (e.g., tinnitus, unilateral,
asymmetrical, progressing - include the concept that both worsening and improved hearing may
change the treatment plan)

c. Please address all language to the patient (i.e., second person "you," not third person, "the patient").

Response 10a: Per FDA's request, the Contraindications section was placed before the warnings and
precautions within the Patient Manual. Refer to Appendix 2 for the revised version of the
Patient Manual.

Response 10b: FDA's request to clearty define medical terminology within the Contraindications section
of the Patient Manual has been addressed by Sophono. Additionally, Sophono added a
statement to the section specifying treatment changes are dependent on improving and
declining hearing. Refer to the text below and Appendix 2 for the revised version of the
Patient Manual.

Contraindications
Contraindications for the Otomag Alpha 1 Sound Processor connected to the
Otomag Headband, Softband, or Magnetic Implant are as follows:
Any factor that would cause a clinician to refer you for medical assessment will
temporarily, or in some cases permanently, halt the process of hearing aid
fitting. These factors include:

* Hearing loss occurring suddenly;
* Hearing loss that grows worse rapidly;
* Pain in either ear;
* A sudden recent onset of ringing or a similar sensation in the ears, also

known as tinnitus. Tinnitus may be bilateral (occurring in both ears) or
unilateral (occurring in one ear);

* Unilateral or markedly asymmetrical (not equal in both ears) hearing loss of
unknown origin;

* Vertigo (e.g. dizziness)

Note: While the contraindications listed above may affect the process of hearing
aid fitting, it should be noted that the treatment plan for use of the Otomag
Alpha 1 Sound Processor may vary with worsening or improving hearing. Your
treatment plan will be determined by your primary care physician.

Deficiency 10c: As requested by the FDA, Sophono has addressed the language to the patient to ensure
second person is used in all appropriate instances. In order to eliminate the potential for
future questions on this subject, the entire Patient Manual reflects these changes, instead
of just the Contraindications section. Refer to Appendix 2 for the revised version of the
Patient Manual.

FDA review of responses to #10a-c: #10a & c are ACCEPTED. #10b is PARTIALLY ACCEPTED.

Primary care physicians are inappropriately referenced in the note after the contraindications. See new
deficiency.

11. You state (section 4, p. 16) that the device lifespan is 4 years, whereas elsewhere in the application,
you state that the device lifespan is 3 years. Please rectify this discrepancy.
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Response 11: The correct lifespan for the device is 4 years as stated in the patient manual. This value
is based on Otomag's experience with this and similar products in the European market.

FDA review of response to #11: ACCEPTED

12. Minor changes are needed to the "Patient contacting Materials" section (p. 17). Please address the
following:

a. Please define the medical term "mastoid" in lay language.

b. Please replace the word "latex" with "natural rubber latex" to comply with the Agency's currently
accepted terminology.

c.You do not describe the recommended cleaning / care for the optional retention clip / lanyard. Please
include the missing information.

Response 12a: Per FDA's request, "mastoid" has been more clearly defined in layman's terms in the
Patient Contacting Materials section within the Physician Manual and the Patient Manual-
Refer to the text below and Appendices 2 and 3 for the revised versions of the Physician
Manual and Patient Manual.

Portion of Headband or Softband that presses against the mastoid (bony
protrusion on the skull located directly behind the ear): Fotoplast Lacquer 3
(light-curing one-component lacquer)

Response 12b: Per FDA's request, the word "latex" was replaced with "natural rubber latex" within the
Physician Manual and the Patient Manual. Refer to the text below and Appendices 2 and
3 for the revised versions of the Physician Manual and Patient Manual.

The components and packaging for the Otomag Bone Conduction Hearing
System contain no natural rubber latex.

Response 12c: In response to FDA's request to specify cleaning / care for the optional retention dip /
lanyard, Sophono revised the Cleaning and Care section of the Patient Manual to include
the retention dip / lanyard. The retention dip I lanyard does not have direct patient
contact, therefore cleaning with a Clorox@ disinfecting wipe is an acceptable method to
ensure the accessory stays clean. Refer to the text below and Appendix 2 for the revised
version of the Patient Manual.

Retention Clip I Lanyard

* The Retention Clip / Lanyard can be cleaned with a Clorox@ type
disinfecting wipe.

FDA review of response to #12 a-c: ACCEPTED

FDA deficiency #13:

13.You appropriately provide manufacturer contact information in Section 7, p 20. This section is entitled
"Professional Support." The titling makes it unclear as to whether the information pertains to patients or to
healthcare professionals. We recommend that you summarize the issues that patients should report first to

53o
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the healthcare professional vs. those they should report directly to Sophono, Inc. If appropriate, a warranty
statement along with limitations on the warranty are often included in this section.

Response 13: To address FDA's concern that the title "Professional Support" section within the Patient
Manual does not provide clear indication to the patient who the section pertains to, the
title of the section has been changed to "Patient Support." As a result of FDA's
recommendation to support patient reporting, Sophono has revised the Patient Support
section to instruct the patient to contact their primary care physician if they have any
concerns or questions related to the Alpha 1 (M) system. Sophono intends for the patient
to contact their primary care physician regardless of the issue type, allowing the
physician to determine whether or not Sophono should be contacted. Therefore, a
summary identifying the issues for patients to report to healthcare professionals and
directly to Sophono was not developed. Refer to the text below and Appendix 2 for the
revised version of the Patient Manual.

7 Patient Support
If you experience any device related issues, develop unexpected or excessive
symptoms, or have general concerns or questions, please contact your primary
care physician.

FDA review of response to #13: PARTIALLY ACCEPTED

Again the reference to primary care physician is inappropriate.

FDA deficiency #14:

14. Your 5 10(k) summary needs further revision for full compliance with 21 CFR 807.92 (Available at
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfCFR/CFRSearch.cfm?FR=807.92 ) The summary
should include that the device is provided non-sterile from the manufacturer to be gravity steam sterilized by
the healthcare facility. Pyrogenicity should be addressed according to your response to Deficiency #1 above.

Response 14: Per FDA's request, the 510(k) Summary has been revised to specify the device is
provided non-pyrogenic. The revised text is as follows, and the revised Executive
Summary can be seen in Appendix 4.

The Magnetic implant of the system is provided clean and non-pyrogenic, but is not
sterile. The implant is intended to be sterilized via steam sterilization at the
healthcare facility immediately prior to implementation.

FDA review of #14: ACCEPTED

P 4
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STERIL - K102199 / S001 & Al Sophono Otomag Bone Conduction System Alpha 1(M)

Reviewer summary of Sterility (updated in S001 and Si/Al):
This implanted titanium cased magnet is provided Nonsterile from the manufacturer to be sterilized by the
user facility immediately prior to the implant surgery. An appropriately conducted validation study for
gravity steam (original application) and drying time (SOO) were conducted. In SI/Al the sponsor clarifies
that the pouch had an external Cl and an internal BI. A CI cannot be validated because it will not turn color
when exposed to only a half-cycle of sterilization. End users will place a CI inside the pouch and revised
labeling specifies a compatible Cl. We asked them to make the instruction more general to allow for any CI
labeled for the intended cycle parameters.

In SI/Al they advise that the implant can undergo a second full cycle steam sterilization. We ask for device
functionality validation to support this instruction. In addition, we ask for a revision of the instruction to
protect the implant's non-pyrogenic properties.

The original application user instructions follow ISO 17664-1: 2004 Sterilization of medical devices-
Information to be provided by the manufacturer for the processing resterilizable medical devices. However
additional clarifications were needed after the original, 5001, and SI/Al reviews.

Content in S001 addresses prevention of surgical site infections, sterilization of implant screws and rescue
screws from a third party vendor, validated drying instructions, and removes the unvalidated reference to
pre-vacuum steam sterilization for the implant.

A number of accessories for the system were previously reviewed and cleared by FDA. However, the sound
processor has a new magnetic spacer that is incompletely characterized as to whether the fit test accessories
are used for one or multiple patients. Cleaning and low-level disinfection of fit test components between
patients was added to the physician instructions in SI/Al.

All other accessories are appropriately cleaned and / or low-level disinfected.

In S001 two reports are submitted for endotoxin testing which are internally inconsistent. The sponsor
clarifies in SI/Al that the Nelson labs study was the most recent and they meet methods and results for
current standards AAMI ST72: 2002 and USP<85>.

1. Sterilant:

a. Sterilization method description Implant provided non-sterile to be
(e.g., Steam (moist heat), EO, Radiation): sterilized using gravity steam by the user

facility immediately preoperatively.

15 min at 132C /270F in pouch

Dry time = 30min

b. Dose, for radiation NA
(e.g., 25 - 50 kGy):

c. Sterilant residuals remaining on the device: NA
For EO, the maximum levels of residuals of EO and ethylene chlorhydrin
that remain on the device (note: not to include ethylene glycol residual
level because the standards that have been, or currently are recognized,
"ANSI/AAMI/ISO 10993-7:1995 and 2008 Biological Evaluation of
Medical Devices - Part 7: Ethylene Oxide sterilization residuals," do not
include measurement of ethylene glycol residuals);

2. A description of the Validation Method for the sterilization ISO 17665-1: 2006 Sterilization of

PWo
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STERIL - K102199 /5001 & Al Sophono Otomag Bone Conduction System Alpha 1(M)

cycle (not data): healthcare products- Moist Heat-Part
(Full citation of an FDA recognized standard is IRequirements for the Development,
recommended including date (e.g., ANSI/AAMI/ISO Validation, and routine control of
11135:2007)), sterilization process for medical devices

Biological Indicator Overkill method

Dry time validated per AAMI TIR 12:
2004 (version 2010 is identical in this

content area)

3. Sterility assurance level (SAL): 10-1
(e.g., 10-' for all devices (except 10' for devices that
contact intact skin))

4. Is it labeled "Pyrogen Free"? Yes

If so, a description of the method: Application S001 Appendix 15
(e.g., LAL (Limius Amebocyte Lysate test)) Turbidometric-Kinetic method by Nelson

Labs

5. A description of the packaging -Primary = HDPE tube with a screw top
(not including package integrity test data): lid. Lid covered with perforated shrink

band for tamper-evident seal. Implant
label is on this tube.

-Secondary = small corrugated box
containing one implant and one DFU.

END OF REVIEW

Recommendation: TH

Suggested Deficiencies for the Sponsor:

Page 41 of 42

(b)(4)

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



STERIL - K102199 / 5001 & Al Sophono Otomag Bone Conduction System Alpha 1(M)
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Dasika, Vasant

From: Clay Anselmo [anselmoc@reglera.com]
Sent: Wednesday, January 19, 2011 6:09 AM
To: Dasika, Vasant
Cc: jim.kasic@comcast.net; jim.kasic@sophono.com
Subject: RE: Interactive review of K102199/S001
Importance: High
Follow Up Flag: Follow up
Flag Status: Purple
Attachments: TotalResponse_Electronic.pdf

Hi Vasant,

Thank you for the extra hours to complete our response. Attached to this email you will find our completed
response and associated attachments addressing the 14 items from your request below. Please respond and let
me know that you were able to receive and open the attached file.

Thanks,
Clay

Clay Anselmo
President and CEO
Reglera LLC
(303) 832-8200 0
(303) 907-2955 C
(303) 832-6700 F

From: Dasika, Vasant [mailto:Vasant.Dasika@fda.hhs.aov]
To: anselmoc@replera.com [mailto:anselmoccreqlera.com]
Sent: Tue, 18 Jan 2011 15:13:04 -0700
Subject: RE: Interactive review of K102199/SO01

Hi Clay-

We recommend that you please just make a statement about what the lifespan is, the basis on which you
determined the lifespan, and ensure that your labeling is consistent with the determined lifespan.

Thanks,
Vasant

From: Clay Anselmo [mailto:anselmoc@LegeraQom]
Sent: Tuesday, January 18, 2011 2:37 PM
To: Dasika, Vasant
Subject: RE: Interactive review of K102199/SO01

Dear Vasant,

Thank you for your help on the non-pyrogenic labeling question. We are compiling all of our responses now
and hope to have the document to you by 7PM EST tonight. I do have one additional clarification. Related to
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deficiency number 11, we can find no place in our submission where we refer to 3 year lifespan of the device,
only the reference you cited related to 4 years. If you could point us to this 3 year reference, it would be
extremely helpful.

Sincerely,
Clay

From: Dasika, Vasant [mailto:Vasant.Dasika fda.hhs.qov]
Sent: Monday, January 17, 2011 9:20 AM
To: anselmoc@lreolera.com;Jim Kasic
Cc: iim.kasic@sochono.com;Nandkumar, Srinivas
Subject: RE: Interactive review of K102199/SO01

Hi Clay- As stated in my e-mail, we may have additional questions as our review continues.
In light of your request for additional time, we request that you please try your best to provide
your complete responses by 7 PM Eastern time on January 18, 2011 and that I will require
your responses at the very latest by 8:30 AM Eastern time on January 19, 2011. These
deadlines are necessary for us to try to accommodate interactive review of your submission
given our own timelines.

Regards,
Vasant

From: Clay Anselmo [mailto:anselmoc@replera.coml
Sent: Monday, January 17, 2011 10:15 AM
To: Dasika, Vasant; Jim Kasic
Cc: jim.kasic@sophono.com; Nandkumar, Srinivas
Subject: RE: Interactive review of K102199/SO01

Dear Vasant,

Thank you for allowing us to working interactively with the Agency to resolve your remaining questions. I have a
quick question regarding timing for our response. Today is a holiday for Sophono (Martin Luther King Day) and
their key technical staff is not available. Because of this, we would only have approximately 2 hours Tuesday
morning to prepare our response. Would it be possible, in light of the number of questions and the holiday
today, to allow us to have till the end of the day on Wednesday to complete our response. Your flexibility would
be greatly appreciated.

Sincerely,
Clay Anselmo

From: Dasika, Vasant [mailto:Vasant.Dasiikafdahhs.gov]
Sent: Sunday, January 16, 2011 8:41 PM
To: Jim Kasic;'anselmocoreglera.com'
Cc: 'iim.kasic@sophono.com';Nandkumar, Srinivas
Subject: Interactive review of K102199/SO01
Importance: High

Dear Jim,

1/20/2011
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Thank you for providing a copy of the requested Raicevich et al article.

With this e-mail, I have attached a list of deficiencies for interactive review. Note that the
attached list is not necessarily exhaustive as our review is still on going. Please e-mail me
your responses to all items by Tuesday January 18, 2011 at 12 PM Eastern time.

Please contact me by e-mail or phone if you have questions.

Kind Regards,
Vasant

Vasant K. Dasika, PhD
Biomedical Engineering Scientific Reviewer
Ear, Nose, and Throat Devices Branch
DONED/ODE/CDRH
US FDA
10903 New Hampshire Avenue
WO66, Room 2443
Silver Spring, MD 20993

Phone: (301) 796-6860
Fax: (301) 847-8126

Email: Vasant.Dasikaafda.hhs.cov

THIS MESSAGE IS INTENDED ONLY FOR THE USE OF THE PARTY TO WHOM IT IS ADDRESSED AND
MAY CONTAIN INFORMATION THAT IS PRIVILEGED, CONFIDENTIAL, AND PROTECTED FROM
DISCLOSURE UNDER LAW. If you are not the addressee, or a person authorized to deliver the document to
the addressee, you are hereby notified that any review, disclosure, dissemination, copying, or other action
based on the content of this communication is not authorized. If you have received this document in error,
please immediately notify the sender immediately by e-mail or phone.

5
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Sof, hono
January 18, 2011

Food and Drug Administration
Center for Devices and Radiological Health
Document Mail Center - W066-G609
10903 New Hampshire Avenue
Silver Spring, MD 20993-0002
Room 2443

Attn: Vasant K. Dasika, PhD
Email: Vasant.Dasika(dfda.hhs-qov

Biomedical Engineering Scientific Reviewer
Ear, Nose, and Throat Devices Branch
DONEDIODE/CDRH
US FDA

RE: K102199 - Sophono Otomag Bone Conduction Hearing System
Request for Additional Information dated September 23, 2010

510(k) Applicant I Manufactured by: 610(k) Contact/ Submission Correspondent:
Jim Kasic Clay Anselmo
President and CEO Reglera LLC
Sophono Inc. 555 Zang Street
3022 Sterling Cr, Lakewood, CO 80228 USA
Boulder, CO 80301 Phone (Mobile): 303-907-2955

Fax: 303-832-6700
Email: anselmoc@reglera.com

Dear Dr. Dasika,

We received FDA's request for additional information dated January 16, 2011 in response to our 510(k)
application, K1 02199, for the Sophono Otomag Bone Conduction Hearing System. To address the issues
raised in these requests for additional information, we are providing the following information in response for
your review.

The attached response reflects our response to the fourteen (14) deficiencies listed in the January 16, 2011
Additional Information Request. Please note that are response is being submitted directly to you in an
electronic format. If it needs to be sent to the document mail center as well, please let me know.

If you have any questions or if further information is needed, please feel free to contact me at any time using the
contact information contained above. We greatly appreciate your time and attention to this matter.

Sincerely,

Clay Anse
Submission Correspondent
Reglera LLC.

cc: Jim Kasic., Sophono Inc.
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Sophono 510(k) K102199 - Request for Additional Information

Page 1 of 31

Page 2 of 110

(b)(4)

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Sophono 510(k) K102199 - Request for Additional Information

Positioning the Sound Processor
Alpha 1 (M)
To place the Alpha 1 (M) Sound Processor, simply guide it into the vicinity of the
Magnetic Implant. The magnetic forces will bring it to its correct position. See
Figure 1. If you have thicker hair, it may be necessary to part your hair over the
implant site or shorten the hair at the implant location to ensure an adequate
holding force between magnets.

Figure 1. Positioning the Alpha 1 (M) Sound Processor on the Magnetic Implant
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Sophono 510(k) K1 02199 - Request for Additional Information
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Sophono 510(k) K102199 - Request for Additional Information
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Sophono 510(k) K102199 - Request for Additional Information
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Sophono 510(k) K102199 - Request for Additional Information
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Sophono 510(k) K102199 - Request for Additional Information
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Sophono 510(k) K102199 - Request for Additional Information

Alpha 1 (M) System: Instructions for Sterilization and
Placement of the Magnetic Implant and Alpha 1 Sound
Processor
Point of Use Sterilization Instructions:

Warning
The Alpha 1 (M) Magnetic Implant is provide non-sterile and
must be sterlized prior to implantation according to the

* provided instructions. Failure to sterilize a device
appropriately can result in serious infection.

The Alpha 1 (M) magnetic implant is provided clean but NOT sterile. It is not
necessary to clean the implant prior to sterilization. To prepare the implant for
steam sterilization use the following steps:
* Unscrew the cap on the magnetic implant container.
* Without touching the magnetic implant, transfer the implant into the autoclave

pouch. Transfer can be simply accomplished by inverting the implant
container over the open top of the autoclave pouch.

* Place a single steam sterilization indicator into the pouch with the implant.
* Immediately seal the autoclave pouch.

Caution
The Alpha 1 Sound Processor, Magnetic Implant, Headband,
and Softband are intended for single-patient use only. Do not

* Ouse any of these products if they have previously been placed
in or with another patient.

Exact compliance is required with the sterilization equipment manufacturer's
instructions for use, maintenance, and periodic monitoring. The Alpha implant can
be re-sterilized by gravity steam sterilization (autoclaving) if it is not used during the
implantation procedure. The following sterilization parameters have been validated
for sterilization of the implant.

Limitations on Reprocessing: Magnetic implants may be resterilized if not
used during the implant procedure. Implants may be stored in the sterilization
pouch or the original screw-top cylinder. However, the implant must be
transferred to a new sterilization pouch just prior to sterilization and implant.

Presterilization Decontamination ( Cleaning I Disinfection: None Required
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Sophono 510(k) K102199 - Request for Additional Information

Cycle Type: Gravity
Sterilization Time: 15 minutes minimum
Sterilization Cycle Temperature: 132 degrees C / 270 degrees F

Drying Time: 30 minutes minimum
Packaging: Cardinal Health Self Sealing Autoclave Pouch (P/N 92510)

Storage in Sterile State: Sterilization immediately pre-implant only

Upon completion of sterilization verify that both sterilization indicator strips (interior
and on exterior of package) indicate the steam cycle was completed correctly.
Follow manufacturer instructions for interpretation of these indicators. If both the
indicators do not show completion of the sterilization cycle, repeat the cycle.

The Alpha 1 (M) Magnetic Implant is not intended to be flash
steam sterilized. Flash steam sterilization has not been
validated to effectively sterilize the device.

Sterilization Pouch Specifications

To ensure the validated parameters are replicated appropriately, the following is
to be used to individually pouch each implant prior to performing the sterilization
cycle:
Manufacturer: Cardinal Health, http://www.cardinal.com, 800.964.5227

Catalog Number: 92510
Size: 5.5" x 10" Paper Self Seal Pouch

Materials: Arjowiggins 60g/m 2 Paper / CN PET 12/CPP40 Micron

Total Product Area: 0.035 m2

Paper Area: 0.035 m2

Ink: Medical Grade

Caution
Refer to the original manufacturer's instructions for use forA specific directions on how to appropriately use these
sterilization pouches.
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Sophono 510(k) K1 02199 - Request for Additional Information

Internal Steam Indicator Strip Specifications
Each time an implant is steam sterilized, place a single indicator strip
conforming to the following specifications into the inside of the specified pouch.
Follow manufacturer's instructions for interpretation of results

Manufacturer: Steris

Description: Verify® Sixcess@ 270F 15 Minute Indicator - Long

Catalog Number: PCCO31
Cycle Use: 270*F (1320C), 15 minute steam sterilization processes

Type: Single Use Only
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Sophono 510(k) K102199 - Request for Additional Information

Response 6: Based on the concerns raised by the FDA, Sophono has updated its Physician Manual to
include a warning that the implant is not intended to be flash steam sterilized. The updated
Physician Manual is contained in Appendix 3, and the text that was added to address this
deficiency is as follows:

Warning
The Alpha 1 (M) Magnetic Implant is not intended to be flash
steam sterilized. Flash steam sterilization has not been
validated to effectively sterilize the device.

Based upon FDA's further comments, a statement has been added to the Instructions for
Sterilization section of the Physician Manual recommending the availability of a sterilized
backup implant in the event the intended implant becomes contaminated during the
implantation procedure. The revised text further instructs the Physician that the unused
devices may be stored in the original container or in the sterilization pouch. However, the
implant must be repackaged and resterilized just prior to surgical implantation in accordance
with the instructions. The text that was added to address these concerns is included within
Response Sc.
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Sophono 510(k) K102199 - Request for Additional Information

The "Go" and "No-Go" gages used in the selection of the appropriate magnetic
spacers may be re-used with multiple patients. However, prior to using with
another patient the accessories must be cleaned with a Clorox@ type disinfecting
wipe.
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Sophono 510(k) K102199 - Request for Additional Information

Deficiency 8: You provide a description of primary and secondary packaging (Response to deficiency
#13a). Please include the symbol for "non-sterile" on both the primary and secondary
package labels for clarity and completeness.

Response 8: As requested by the FDA, the implant's primary and secondary labels have been revised to
include the symbol for "non-sterile." The primary packaging label appears as follows:

Sophono
MAGNETIC IMPLANT
REF 093001

SN: XXXX-XX
QTY: 1

EFS GmbH & Co. KG
Glasbronnenstr. 6
75449 Wurmberg, Germany

Phone (+49) 0 2841 8970032
Fax (+49) 0 2841 8870032

P/N XXXX-XXX

The secondary packaging label now appears as follows:

Otomag Alpha I(M) Bone Conduction Hearing System (Jimplant)

Manufacturer: A
Otomrag GntH Alts C sre7. 2 25 R:ksteeR'3e-n,- rrsny T-l: --- r 8-10' Faxc 5n E'C S8r75

Device Intended for Single Patient Use Only!

Made in Gr many Label PiN S07500
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Sophono 510(k) K102199 - Request for Additional Information

Deficiency 9: Your physician labeling (Appendix 4, p. 8) includes the symbol and English text for "latex
free." However, the latest Agency - accepted language is "contains no natural rubber
latex." Please retain your current icon / symbol (p. 8), but change the English
explanatory text to "contains no natural rubber latex." This list of symbols should also
include the symbol for "Nonsterile" in reference to the implant.

Response 9: In response to the FDA's request, the phrase "latex free" has been replaced with the
phrase "contains no natural rubber latex" in both the Patient and Physician Manual.
Additionally, the "Nonsterile" symbol was added to the Symbols section within the
Physician Manual. The updated Patient and Physician Manuals are contained in
Appendices 2 and 3, respectively.

Deficiency 10: The contraindications (p. 8) are unconventionally placed and the wording is not entirely
appropriate for patients. Please revise the location and content of this section to address
the following:

a) Contraindications typically appear before warnings and precautions.

b) Please define all medical terminology and multisyllabic words (e.g., tinnitus,
unilateral, asymmetrical, progressing - include the concept that both worsening and
improved hearing may change the treatment plan)

c) Please address all language to the patient (i.e., second person "you," not third
person, "the patient").

Response 10a: Per FDA's request, the Contraindications section was placed before the warnings and
precautions within the Patient Manual. Refer to Appendix 2 for the revised version of the
Patient Manual.

Response 10b: FDA's request to clearly define medical terminology within the Contraindications section
of the Patient Manual has been addressed by Sophono. Additionally, Sophono added a
statement to the section specifying treatment changes are dependent on improving and
declining hearing. Refer to the text below and Appendix 2 for the revised version of the
Patient Manual.

Contraindications
Contraindications for the Otomag Alpha 1 Sound Processor connected to the
Otomag Headband, Softband, or Magnetic Implant are as follows:
Any factor that would cause a clinician to refer you for medical assessment will
temporarily, or in some cases permanently, halt the process of hearing aid
fitting. These factors include:

* Hearing loss occurring suddenly;
* Hearing loss that grows worse rapidly;
* Pain in either ear;
* A sudden recent onset of ringing or a similar sensation in the ears, also

known as tinnitus. Tinnitus may be bilateral (occurring in both ears) or
unilateral (occurring in one ear);

* Unilateral or markedly asymmetrical (not equal in both ears) hearing loss of
unknown origin;

* Vertigo (e.g. dizziness)
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Sophono 510(k) K102199 - Request for Additional Information

Note: While the contraindications listed above may affect the process of hearing
aid fitting, it should be noted that the treatment plan for use of the Otomag
Alpha 1 Sound Processor may vary with worsening or improving hearing. Your
treatment plan will be determined by your primary care physician.

Deficiency 1Oc: As requested by the FDA, Sophono has addressed the language to the patient to ensure
second person is used in all appropriate instances. In order to eliminate the potential for
future questions on this subject, the entire Patient Manual reflects these changes, instead
of just the Contraindications section. Refer to Appendix 2 for the revised version of the
Patient Manual.

Deficiency 11: You state (section 4, p. 16) that the device lifespan is 4 years,

Deficiency 12: Minor changes are needed to the "Patient contacting Materials" section (p. 17). Please
address the following:

a) Please define the medical term "mastoid" in lay language.

b) Please replace the word "latex" with "natural rubber latex" to comply with the
Agency's currently accepted terminology.

c) You do not describe the recommended cleaning / care for the optional retention clip /
lanyard. Please include the missing information.

Response 12a: Per FDA's request, "mastoid" has been more clearly defined in layman's terms in the
Patient Contacting Materials section within the Physician Manual and the Patient Manual.
Refer to the text below and Appendices 2 and 3 for the revised versions of the Physician
Manual and Patient Manual.

Portion of Headband or Softband that presses against the mastoid (bony
protrusion on the skull located directly behind the ear): Fotoplast Lacquer 3
(light-curing one-component lacquer)

Response 12b: Per FDA's request, the word "latex" was replaced with "natural rubber latex" within the
Physician Manual and the Patient Manual. Refer to the text below and Appendices 2 and
3 for the revised versions of the Physician Manual and Patient Manual.

The components and packaging for the Otomag Bone Conduction Hearing
System contain no natural rubber latex.

Response 12c: In response to FDA's request to specify cleaning / care for the optional retention clip /
lanyard, Sophono revised the Cleaning and Care section of the Patient Manual to include
the retention clip / lanyard. The retention clip / lanyard does not have direct patient
contact, therefore cleaning with a Clorox@ disinfecting wipe is an acceptable method to
ensure the accessory stays clean. Refer to the text below and Appendix 2 for the revised
version of the Patient Manual.

Retention Clip / Lanyard

* The Retention Clip / Lanyard can be cleaned with a Clorox@ type
disinfecting wipe.
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7 Patient Support
If you experience any device related issues, develop unexpected or excessive
symptoms, or have general concerns or questions, please contact your primary
care physician.

Deficiency 14: Your 510(k) summary needs further revision for full compliance with 21 CFR 807.92
(Available at
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfCFRICFRSearch.cfm?FR=807.
92). The summary should include that the device is provided non-sterile from the
manufacturer to be gravity steam sterilized by the healthcare facility. Pyrogenicity should
be addressed according to your response to Deficiency #4 above.

Response 14: Per FDA's request, the 510(k) Summary has been revised to specify the device is
provided non-pyrogenic. The revised text is as follows, and the revised Executive
Summary can be seen in Appendix 4.

The Magnetic implant of the system is provided clean and non-pyrogenic, but is not
sterile. The implant is intended to be sterilized via steam sterilization at the
healthcare facility immediately prior to implementation.
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Index of Appendices
Appendix 1 Updated Nelson Laboratories LAL GLP Test Report - 549816.1 Amended

Appendix 2 Updated Patient Manual

Appendix 3 Updated Physician Manual

Appendix 4 510(k) Summary

Appendix 5 Steris Steam Sterilization Indicator Strip Specification, PCCO31

Appendix 6 Go/ No-Go Gauges Protocol and Final Report, DG-47

Appendix 7 Implant Magnetic Coupling Static Force Protocol and Final Report, DG-39

Appendix 8 Go / No-Go Gage Specifications, S0092
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Patient User Manual

Alpha I (S) & Alpha I (M)
Bone Conduction Hearing Systems

Alpha I (S) & Alpha I (M) Patient User Manual - REV 6 -1-
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Company Information
Contact information:

Professional Support:
Sophono, Inc.
903 Brooklawn Dr.
Boulder, Colorado 80303
USA
+1 (303) 564-1663

Federal Law (USA) restricts this device to sale by or on the order
I8Only of a practitioner licensed by the law of the State in which he/she

practices to use or order the use of the device.

Alpha I (S) & Alpha I (M) Patient User Manual - REV 6 -2- 
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1 About this Manual
This Patient Manual provides a description of the Alpha I (S) & Alpha I (M) Bone
Conduction Hearing Systems. This manual includes a description of the system's
features, performance, intended use, and important safety information. Please read
this manual thoroughly before using the system.

This Patient Instruction Manual included with each Alpha I (S) & Alpha I (M) Bone
Conduction Hearing System should be referred to for information regarding:

* Kit Contents
* Instructions for Use
* Patient Warnings and Precautions
* Important Things to Remember
* Maintenance
* Customer Support

Important Symbols
A number of symbols are used throughout this manual in order to draw attention
to safety items and other important information.

The following symbols are used:

Warning
* Symbol indicates a potentially hazardous situation, which if

not avoided could result in death or serious injury to the
user.

Caution
* Symbol indicates a situation that the user must take intoA consideration to ensure the safe and effective operation of

the equipment and associated accessories.

Notes
*Symbol indicates important general information for using the

system successfully.

Alpha I (S) & Alpha I (M) Patient User Manual - REV 6 -4-
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2 Introduction
Dear Customer:
Congratulations on the purchase of your new Otomag Bone Conduction Hearing
System!

The Otomag Bone Conduction Hearing System includes a family of Sound
Processors and accessories that operate on the principle of bone conduction of
sound vibrations.

The Otomag Bone Conduction Hearing System is supplied in either of two
configurations. The first configuration is the Alpha 1 (S), in which the Otomag
Sound Processor is attached magnetically to a Headband or Softband. The
second configuration is Alpha 1 (M), in which the Otomag Sound Processor is
attached magnetically to a Magnetic Implant placed behind your ear. The
Headband, Softband, or Magnetic Implant holds the Sound Processor against
the head, and vibration is transduced through direct contact with your skin and
the bone below.

The Otomag System is designed for use for patients with conductive hearing
loss, patients who have sensorineural hearing loss up to 45 dB in combination
with their conductive loss, and patients who suffer from single sided deafness
as defined in the indications for use. The prescriptive formula and adjustments
available to the audiologist in the software package allow for programming the
Otomag System for individual patient hearing loss.

This Patient Manual will help you quickly gain confidence with your new Otomag
Bone Conduction Hearing System. If you have further questions please consult
your hearing healthcare provider.

General Information
A hearing device will not restore normal hearing and will not prevent or improve
a hearing impairment resulting from organic conditions. In most cases
infrequent use of a hearing device does not permit a user to attain full benefit.
The use of a hearing device is only part of hearing habilitation and may need to
be supplemented by auditory training and instruction in lip reading.

Note
* The components and packaging of the Otomag Bone

Conduction Hearing System contain no natural rubber latex

Alpha I (S) & Alpha I (M) Patient User Manual - REV 6 -5-
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Note

sThe Magnetic implant of the system is provided clean and
non-pyrogenic, but is not sterile. The implant is intended to be
sterilized via steam sterilization at the healthcare facility
immediately prior to implementation.

Indications for Use
The Otomag Alpha 1 Sound Processor is intended for use with the Otomag
Headband or Otomag Softband (no age limitations), or with the Otomag
Magnetic Implant (patients 5 years of age and up) for the following patients and
indications:

* Patients with conductive or mixed hearing losses, who can still benefit from
amplification of sound. The pure tone average (PTA) bone conduction (BC)
threshold for the indicated ear should be better than 45 dB HL (measured
at 0.5, 1, 2, and 3 kHz).

* Bilateral fitting is applicable for most patients having a symmetrically
conductive or mixed hearing loss. The difference between the left and right
sides' BC thresholds should be less than 10dB on average measured at
0.5, 1, 2, and 4 kHz, or less than 15 dB at individual frequencies.

* Patients who have a profound sensorineural hearing loss in one ear and
normal hearing in the opposite ear, who for some reason will not or cannot
use an AC CROS. The pure tone average (PTA) air conduction (AC)
threshold of the hearing ear should be better than 20 dB HL (measured at
0.5, 1, 2 and 3 kHz).

Contraindications
Contraindications for the Otomag Alpha 1 Sound Processor connected to the
Otomag Headband, Softband, or Magnetic Implant are as follows:
Any factor that would cause a clinician to refer you for medical assessment will
temporarily, or in some cases permanently, halt the process of hearing aid
fitting. These factors include:

* Hearing loss occurring suddenly;
* Hearing loss that grows worse rapidly;
* Pain in either ear;
* A sudden recent onset of ringing or a similar sensation in the ears, also

known as tinnitus. Tinnitus may be bilateral (occurring in both ears) or
unilateral (occurring in one ear);

* Unilateral or markedly asymmetrical (not equal in both ears) hearing loss of
unknown origin;

* Vertigo (e.g. dizziness)

Note: While the contraindications listed above may affect the process of hearing
aid fitting, it should be noted that the treatment plan for use of the Otomag

Alpha I (S) & Alpha I (M) Patient User Manual - REV 6 -6-
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Alpha 1 Sound Processor may vary with worsening or improving hearing. Your
treatment plan will be determined by your primary care physician.

Warnings and Cautions Overview
The following section contains a description of all patient related Warnings and
Cautions associated with the Otomag Bone Conduction Hearing System.
Knowledge of the following information is essential for safe operation of the
device. Specific Warnings and Cautions pertaining to patient instructions are
included in the body of the manual and are indicated by the appropriate symbol.

* Thoroughly read Patient Manual before using the Otomag
Bone Conduction Hearing System.

* Rule out allergies and other reactions to device materials prior
to prescribing the Otomag System.

* A blow to the head in the area of the Otomag Alpha 1 Sound
Processor may result in personal injury and damage to the
device or device failure.

* When using the Otomag Alpha 1 (S) Softband, make sure that
a finger can be placed between the skull and Softband to

Warning ensure that the Softband is not too tight.
* Do not obtain an Magnetic Resonance Imaging (MRI)

procedure while wearing an Otomag Alpha 1 Sound
A ! Processor, Magnetic Implant, Headband, or Softband.

* Never store hearing aids and batteries within reach of small
children or animals. The batteries are small, easily swallowed,
and can poison small children and animals.

* Do not dispose of your Sound Processor in an incinerator or
fire. In no case should batteries be thrown into an open fire.

* Do not attempt to recharge batteries.
* If you experience discomfort, pain, numbness, or tingling of the

skin in the area of your magnetic implant, remove the sound
processor assembly and see your physician for refitting of the
device.

Read this Patient User Manual and keep it available so you
can refer to it when needed.

* The Alpha 1 Sound Processor, Magnetic Implant, Headband,
Caution and Softband are intended for single-patient use only. Do not

use any of these products if they have previously been used

with another patient.
* Keep Otomag System components away from magnetic data

storage media and electronic devices. The Alpha 1 Sound
Processor, Magnetic Implant, Headband, and Softband all
contain magnets that can potentially damage magnetic data
storage media and electronic devices.

Alpha I (S) & Alpha I (M) Patient User Manual - REV 6 -7-
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To avoid damage to the device, do not subject the Alpha 1
Sound Processor to temperatures below -4 OF (-20 0C) or
above 122 0F (+50 'C) at any time.

* To avoid damage to the device, do not store the Otomag
System near magnets or magnetic devices.

* Remove the Sound Processor, Headband and Softband before
x-rays of the head and neck

* Remove the Sound Processor, Headband, and Softband during
radiation therapy

* Portable and mobile RF (radio frequency) communications
equipment can affect the performance of the Sound Processor.

* Interference may occur in the area of equipment which is
labeled with the following symbol: (6)

* Dispose of batteries and electronic items in accordance with
your local regulations.

* When navigating through security in airports remove the Sound
Processor, Headband and Softband and have them screened
through the x-ray screening process. The Sound Processor,
Headband and Softband contain metal that may activate the

Caution airport security metal detectors.
Do not use the Alpha 1 Sound Processor, Headband or
Softband while participating in contact sports. Hard physical
contact with the device or a blow to the head in the area of the
Alpha 1 Sound Processor, Headband or Softband may result in
damage to the device or device failure.
Clean the Alpha 1 Processor, Headband, and Softband only as
directed. Other common household cleaning chemicals or
methods, such as washing machines, bleach, ammonia, or
spray cleaners may damage the device.

* To avoid damage to the case or the Sound Processor, do not
use household soaps or rinse / submerge the case under water
and do not wash the case in the dishwasher. Should the case
become wet for any reason, allow the case to air dry completely
before storing the Alpha 1 Processor in the case.

* When removing the Sound Processor do not pull on the
processor itself, this could result in damage to the device.

* The Sound Processor is not water proof and should not be
worn in heavy rain, in the bath or shower, or in other
environments when exposure to heavy moisture is likely.
Exposure to moisture may cause damage to the device.

* Protect your Sound Processor from impact and shock. Avoid
dropping your Sound Processor.

* Do not expose the Sound Processor to strong sunlight.
* Always switch your device off when you remove it. If you do

not use your Sound Processor for a long time, remove the
battery and store the Sound Processor in its case.

Alpha I (S) & Alpha I (M) Patient User Manual - REV 6 -8-
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3 Operating Instructions
Insertion of the battery
Size 675 batteries are required for your Alpha I Sound Processor.

See Figure 1 for details. Open the battery compartment (1) with a fingernail and
insert the battery (2) so that the plus (+) sign on the battery and the plus (+) sign
on the battery compartment are on the same side. Close the battery
compartment with a finger. The Sound Processor is now switched on.

Caution
a Dispose of batteries and electronic items in accordance with

*! your local regulations.

Switch off your Sound Processor whenever you're not using it by pivoting the
battery compartment fully out. This will help preserve battery life. The Alpha 1
has a low battery indicator that generates a tone when it is time to replace the
battery. Your hearing healthcare provider can adjust the volume and tone of the
low battery indicator for you.

2

Figure 1. Alpha I Sound Processor

Warning
* Never store hearing aids and batteries within reach of small

children or animals. The batteries are small, easily
swallowed, and can poison small children and animals

* * Do not attempt to recharge batteries.
* Do not dispose of your Sound Processor in an incinerator or

fire. In no case should batteries be thrown into an open fire

Alpha I (S) & Alpha I (M) Patient User Manual - REV 6 -9-
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Start-up and Operation
Switch on the Alpha 1 Sound Processor by pivoting the battery compartment
fully in.

Positioning the Sound Processor
Alpha 1 (S)

To place the Alpha 1 (S) Sound Processor, simply guide it into the vicinity of the
magnetic pad in the Softband or Headband. The magnetic forces will bring it to
its correct position. See Figure 2.

Figure 2. Positioning the Alpha I (S) Sound Processor on the Softband

Warning
When using the Otomag Alpha 1 (S) Softband, make sure
that a finger can be placed between the skull and Softband
to ensure that the Softband is not too tight.

Alpha 1 (M)
To place the Alpha 1 (M) Sound Processor, simply guide it into the vicinity of the
Magnetic Implant. The magnetic forces will bring it to its correct position. See
Figure 3. If you have thicker hair, it may be necessary to part your hair over the
implant site or shorten the hair at the implant location to ensure an adequate
holding force between magnets.

Figure 3. Positioning the Alpha I (M) Sound Processor on the Magnetic Implant

Alpha I (S) & Alpha I (M) Patient User Manual - REV 6 -10-
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Warning
If you experience discomfort, pain, numbness, or tingling of
the skin in the area of your magnetic implant, remove the
sound processor assembly and see your physician for refitting
of the device.

Caution
* The Alpha 1 Sound Processor, Magnetic Implant,

Headband, and Softband are intended for single-patient use
*i only. Do not use any of these products if they have

previously been used with another patient.

Volume Control
The volume can be adjusted with the small wheel that is situated on the outside
of the Alpha 1 Sound Processor. Using the tip of the index finger, apply slight
pressure on the rotary button and simultaneously turn forward to increase
volume. Turn the rotary button in the opposite direction to reduce volume.

You can switch off the Sound Processor by opening the battery access door. As
soon as you take off the device, switch it off. See Figure 4 for details.

Battery

Program Access Door
Selection
Button

Ell External

Volume Contro Microphone

Figure 4. Alpha I Sound Processor

Program Selection Button
The Alpha 1 Sound Processors offer four program settings for different hearing
situations. By pressing the small button on the Sound Processor, the programs
can be activated. For each activated program you will hear a corresponding
signal tone for recognition.

Alpha I (S) & Alpha I (M) Patient User Manual - REV 6 - -
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* Program 1: Instrument beeps once
* Program 2: Instrument beeps twice
* Program 3: Instrument beeps three times
* Program 4: Instrument beeps four times

Your hearing healthcare provider will inform you when each of the programs
should be used

Removing the Sound Processor
To remove the Alpha 1 Sound Processor, pull ONLY on the steel disk. See
Figure 5. Alpha 1 Sound Processor w/ Metal Disc for Magnetic Attachment

Metal
Disc

Figure 5. Alpha 1 Sound Processor wl Metal Disc for Magnetic Attachment

Note
* If you remove the Sound Processor without switching it off, it

generates a vibrating tone which leads to high battery
consumption. Therefore, always properly switch off the
Sound Processor when you are not wearing it.

Caution
* When removing the Sound Processor do not pull on the

processor itself, this could result in damage to the device.

Alpha I (S) & Alpha I (M) Patient User Manual - REV 6 -12-
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If Your Sound Processor Does Not Function
Check the following if the Sound Processor is not functioning properly:

* The device is properly switched on and the battery compartment is fully
closed

* The battery is not dead
* The battery surface is clean.

If the device still is not functioning properly, see your hearing healthcare
provider.

Alpha 1 (S) & Alpha I (M) Patient User Manual - REV 6 -13-
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4 Product Maintenance
Cleaning and Care
Sound Processor

* Have your Sound Processor checked at regular intervals as specified by
your hearing professional.

* To clean your Sound Processor, wipe it with a soft cloth or a Clorox@
type disinfecting wipe

* The battery compartment may be cleaned by wiping it out with a DRY
cotton swab or a cotton swab that has been moistened by a Clorox® type
disinfecting wipe.

Note
* Remove the Sound Processor, Softband, and Headband

during the application of hairspray or styling gels. If
hairspray or gel comes in contact with the Sound Processor it
may become sticky and difficult to clean

* If the Sound Processor becomes soaked with water:

o Immediately open the battery door and remove the battery
o Put the Sound Processor in a container with drying capsules such as

Dri-aid kit or similar overnight. Drying kits are available from most
hearing care professionals.

Caution
* The Sound Processor is not water proof and should not be

worn in heavy rain, in the bath or shower, or in other
environments when exposure to heavy moisture is likely.
Exposure to moisture may cause damage to the device.

* To avoid damage to the case or the Sound Processor, doAi not use household soaps or rinse / submerge the case under
water and do not wash the case in the dishwasher. Should
the case become wet for any reason, allow the case to air
dry completely before storing the Alpha 1 Processor in the
case

* The Sound Processor is provided in a plastic case which may be used to
store the processor. This case may be cleaned with a Clorox@ type
disinfecting wipe. Make sure the case is completely dry before storing
the Sound Processor in it.
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Caution
* The Sound Processor is designed to operate within the

temperature ranges of 410F (+50C) to 1040F (+4000). The
processor should not be subject to temperatures below -40F
(-20 0C) or above 122 0F (+50 0C) at any time.

* Protect your Sound Processor from impact and shock.A Avoid dropping your Sound Processor
* Do not expose the Sound Processor to strong sunlight
* Always switch your device off when you remove it. If you do

not use your Sound Processor for a long time, remove the
battery and store the Sound Processor in its case

Softband and Headband
* The Headband can be cleaned with a Clorox@ type disinfecting wipe.

* The Softband may be submerged and hand washed with a mild clothes
washing detergent (with or without a small amount of color safe bleach)
and air dried or may be cleaned with a Clorox@ type disinfecting wipe.

Magnetic Spacer
* The Magnetic Spacer can be cleaned with a Clorox@ type disinfecting

wipe.

Caution
* Clean the Alpha 1 Processor, Magnetic Spacer, Headband,

and Softband only as directed. Other common household
cleaning chemicals or methods, such as washing machines,
bleach, ammonia, or spray cleaners may damage the
device.

. To avoid damage to the case or the Sound Processor, do
not use household soaps or rinse / submerge the case
under water and do not wash the case in the dishwasher.
Should the case become wet for any reason, allow the case
to air dry completely before storing the Alpha 1 Processor in
the case.

Retention Clip I Lanyard
* The Retention Clip / Lanyard can be cleaned with a Clorox@ type

disinfecting wipe.
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Damage and Replacement
The expected live span for the Sound Processor, Magnetic Spacer, Softband,
and Headband is approximately 4 years depending on use, wear, and tear. The
Sound Processor will need to be repaired or replaced when it no longer
produces adequate vibrations or the sounds become highly distorted. The
Softband should be replaced when it becomes damaged or the elastic begins to
be -stretched out and it can no longer be tightened adequately for sound
transmission. The Headband should be replaced when it becomes damaged or
no longer has enough spring force to press the magnetic pad against the head
for adequate sound transmission. Replacement Headbands and Softbands may
be purchased through your hearing healthcare provider from Sophono, Inc.

5 Accessories
If your Alpha 1 Sound Processor has a jack for an FM boot, you may plug the boot
of a Phonak MLxi FM receiver into the bottom of the Sound Processor.

If you are concerned about the Alpha 1 Sound Processor falling off your head, a
clip and tether are available so that the Sound Processor can be tethered to a
garment you're wearing.
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6 Technical Data
Information about Magnets
Magnets in the Alpha 1 Headband, Softband, and Magnetic Implant create a
permanent magnetic field. A permanent magnetic field is not the same as, and
should not be compared to, an electromagnetic field such as that of a mobile
telephone or a high-voltage transmission line.

None of the magnets associated with the Otomag System will affect cardiac
pacemakers as long as the magnetic parts do not directly contact the
pacemaker.

Caution
" Keep Otomag System components away from magnetic

data storage media and electronic devices. The Alpha 1
Sound Processor, Magnetic Implant, Headband, and
Softband all contain magnets that can potentially damage

* magnetic data storage media and electronic devices.
* To avoid potential of damage to the device, do not store the

Otomag System near magnets or magnetic devices other
than the magnetic spacer and implant.

Patient-contacting Materials
Implant Material: The implant consists of a Samarium Cobalt sealed in a
Titanium case.

Softband Material: The Softband is constructed of an elastic band and consists
of approximately 85% nylon/15% Spandex.

Portion of Headband or Softband that presses against the mastoid (bony
protrusion on the skull located directly behind the ear): Fotoplast Lacquer 3
(light-curing one-component lacquer)

The components and packaging for the Otomag Bone Conduction Hearing
System contain no natural rubber latex.

The Magnetic implant of the system is provided clean and non-pyrogenic, but is
not sterile. The implant is intended to be sterilized via steam sterilization at the
healthcare facility immediately prior to implementation.
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Alpha 1 Sound Processor Technical Characteristics

* Magnetically coupled bone conduction Sound Processor
* Fully programmable digital hearing system
* Programs (programmable by audiologist)
* 4 channels
* 16 frequency bands
* Low battery warning
* Automatic noise reduction
* Automatic feedback cancellation
* Volume control
* Outer material of Alpha 1 (S): plastic with a corrosion resistant steel disk
* Weight: 10 g (with battery)

Alpha 1 Sound Processor Performance Data
(Measured according to DIN IEC 60118-9 Hearing Aids Part 9: Methods of
measurement of characteristics of hearing aids with bone vibrator output)

OFL (Output force level) at 90 dB SPL - Top Line)

OFL (Output force level) at 60 dB SPL - Bottom Line)

(Measured according to DIN IEC 60118-9. Averages include all configurations
of softband, headband, and magnetic spacers for a given normal force)
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OFL (output force level) at 90 dB SPL
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* Acousto - mechanical gain at 60 dB SPL and 1600 Hz: 29 dB
* Maximum gain at 60 dB SPL: 38 dB re I pN
* Peak Output at 90 dB SPL: 115 dB re 1 pN
* Frequency range per ANSI S3.22-2009: 280-5000 Hz
* Frequency Processing Range: 125-8000 Hz
* Total Harmonic Distortion per ANSI S3.22-2009: <3%
* Equivalent input noise: 17 dB SPL
* Battery current drain: 0.95 mA
* Processor: 16 band, 4 Channel WDRC
* Crossover Frequency Options: 0-1.25, 0.25-2.75, 1.75-7.75 kHz
* Compression Attack Time: 0.25 ms
* Compression Release Time: 8192 ms
* Patient Volume Control Wheel: 38 dB range
* Power Supply: 1.3V, #675 Zinc Air Battery
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7 Patient Support

If you experience any device related issues, develop unexpected or excessive
symptoms, or have general concerns or questions, please contact your primary
care physician.

Manufactured for: Sophono, Inc. 903 Brooklawn Dr., Boulder, Colorado 80303 USA
+1 (303) 564-1663
Printed in U.S.A.
©Copyright Sophono, Inc.
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Physician Manual

Alpha I (S) & Alpha I (M)
Bone Conduction Hearing Systems
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Company Information
Contact information:

Sophono, Inc.
903 Brooklawn Dr.
Boulder, Colorado 80303
USA
+1 (303) 564-1663

* Federal Law (USA) restricts this device to sale by or on the order of
Only a practitioner licensed by the law of the State in which he/she

practices to use or order the use of the device.
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1 About this Manual
This Physician Manual provides a description of the Alpha I (S) & Alpha I (M) Bone
Conduction Hearing Systems. This manual includes a description of the system's
features, performance, intended use, and important safety information. This manual
provides the information necessary for the physician to prescribe the Alpha I (S) &
Alpha I (M) Bone Conduction Hearing Systems to the appropriate patient population.
Please read this manual thoroughly before prescribing the system.
A Patient Instruction Manual is included with each Alpha I (S) & Alpha I (M) Bone
Conduction Hearing System and should be referred to for information regarding:

* Kit Contents
* Instructions for Use
* Patient Warnings and Precautions
* Important Things to Remember
* Maintenance
* Customer Support

Important Symbols
A number of symbols are used throughout this manual in order to draw attention to
safety items and other important information.

The following symbols are used:

Warning
Symbol indicates a potentially hazardous situation, which if
not avoided could result in death or serious injury to the user.

Caution
Symbol indicates a situation that the user must take intoIL consideration to ensure the safe and effective operation of the
equipment and associated accessories.

0-- Notes
Symbol indicates important general information for using the
system successfully.
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2 Introduction
Indications for Use
The Otomag Alpha 1 Sound Processor is intended for use with the Otomag
Headband or Otomag Softband (no age limitations), or with the Otomag Magnetic
Implant (patients 5 years of age and up) for the following patients and indications:

. Patients with conductive or mixed hearing losses, who can still benefit from
amplification of sound. The pure tone average (PTA) bone conduction (BC)
threshold for the indicated ear should be better than 45 dB HL (measured at
0.5, 1, 2, and 3 kHz).

* Bilateral fitting is applicable for most patients having a symmetrically
conductive or mixed hearing loss. The difference between the left and right
sides' BC thresholds should be less than 10dB on average measured at 0.5, 1,
2, and 4 kHz, or less than 15 dB at individual frequencies.

* Patients who have a profound sensorineural hearing loss in one ear and
normal hearing in the opposite ear, who for some reason will not or cannot use
an AC CROS. The pure tone average (PTA) air conduction (AC) threshold of
the hearing ear should be better than 20 dB HL (measured at 0.5, 1, 2 and 3
kHz).

Contraindications
Contraindications for the Otomag Alpha 1 Sound Processor connected to the
Otomag Headband, Softband, or Magnetic Implant are as follows:
Any factor that would cause a clinician to refer the patient for medical assessment
will temporarily, or in some cases permanently, halt the process of hearing aid
fitting. These factors include:

* A hearing loss of sudden onset;
* A rapidly progressing hearing loss;
* Pain in either ear;
* Tinnitus of sudden recent onset, or unilateral tinnitus;
* Unilateral or markedly asymmetrical hearing loss of unknown origin; -

* Vertigo (e.g. dizziness)

Patient Selection Criteria
* Patients to be fitted with the Otomag Alpha 1 (S) Sound Processor and its

Headband or Softband may be any age.
* Patients to be fitted with the Otomag Alpha 1 (M) Sound Processor and its

Magnetic Implant should be 5 years old or older.
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* Patients and/or patient guardians must be able to understand that the Otomag

System will not restore hearing to normal and will not prevent additional
hearing impairment resulting from conditions such as disease, old age hearing
loss, genetic hearing loss, ototoxic drugs or noise induced hearing loss.
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Warnings and Cautions Overview
The following section contains a description of all physician related Warnings and
Cautions associated with the Otomag Bone Conduction Hearing Systems.
Additional patient and use related Warnings and Cautions can be found in the
Patient User Manual. Knowledge of the following information is essential for safe
operation of the device. Specific Warnings and Cautions pertaining to physician
instructions are included in the body of the manual and are indicated by the
appropriate symbol.

Warnings
* Thoroughly read the Physician Manual and the Patient Manual before

prescribing the Otomag System.
* To avoid potential performance and / or safety issues, adhere

carefully to patient selection criteria
* A blow to the head in the area of the Otomag Alpha 1 Sound

Processor may result in damage to the device or device failure.
* When using the Otomag Alpha 1 (S) Softband, make sure that a

finger can be placed between the skull and Softband to ensure that
the Softband is not too tight.

* Do not perform MRI on a patient wearing an Otomag Alpha 1 Sound
Processor, Magnetic Implant, Headband, or Softband.

* Carefully consider the potential patient's medical history to rule out
allergies and other reactions to device materials prior to prescribing

Warning the Otomag System.
* The Alpha 1 (M) Magnetic Implant is provide non-sterile and must be

sterlized prior to implantation according, to the provided instructions.
Failure to sterilize appropriately can result in serious infection.

* The Alpha 1 (M) Magnetic Implant is not intended to be flash steam
sterilized. Flash steam sterilization has not been validated to
effectively sterilize the device.

* Purchased screws may be provided non-sterile and if so must be
sterlized prior to implantation according to the manufacturers
instructions. Failure to sterilize appropriate can result in serious
infection.

* Excessive, long term use of magentic spacers that are too strong may
lead to pain and or pressure necrosis for the patient. Always
recommend to the patient the lowest magnetic strength spacer that
passes the "Go" test.

* Do not use of the Alpha 1(M) configuration of the device if the skin
contact area of the sound processor is compromised in any way (i.e.
- unhealed incision, psoriasis, or eczema). Failure to follow this
warning may result in prolonged healing, further irritation, or infection.
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Precautions
* The Alpha 1 Sound Processor, Magnetic Implant, Headband, and

Softband are intended for single-patient use only. Do not use any of
these products if they have previously been placed in or with another
patient.

* Keep Otomag System components away from magnetic data storage
media and electronic devices. The Alpha 1 Sound Processor,
Magnetic Implant, Headband, and Softband all contain magnets that
can potentially damage magnetic data storage media and electronic
devices.

* To avoid damage to the device, do not subject the Alpha 1 Sound
Processor to temperatures below -40F (-200C) or above 1220F (+500C)

Caution at any time.
" To avoid potential of damage to the device, do not store the Otomag

System near magnets or magnetic devices other than the magnetic
spacer and implant.

* Prior to use, inspect packaging to verify that it is intact and has not
been damaged. If the packaging is damaged, do not use the device
and return it to Sophono, Inc. Please see the address and phone
number for Sophono, Inc. at the end of this Physician Manual.

* Refer to the screw's original manufacturer's instructions for use for
specific directions on how to use the screws.

* Refer to the original manufacturer's instructions for use for specific
directions on how to appropriately use these sterilization pouches.

* The patient should be instructed to select a lower strength spacer if
the pressure on the skin is uncomfortable or pain, numbness, or
tingling occurs.
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Product Description
The Otomag Bone Conduction Hearing System is a family of sound processors and
accessories that operate on the principle of bone conduction of sound vibrations.

The Otomag System is configured in either of two configurations. The first
configuration is the Alpha 1 (S), where the Otomag Sound Processor is attached
magnetically to a Headband or Softband. The second configuration is Alpha 1 (M),
where the Otomag Sound Processor is attached magnetically to an implanted
magnet. The Headband, Softband, or Magnetic Implant holds the sound processor
against the head, and vibration is transduced through direct contact with the
patient's skin and the bone below.

The Otomag System is designed for use for those patients with conductive hearing
loss, those patients who have sensorineural hearing loss up to 45 dB in
combination with their conductive loss, and single sided deafness as defined in the
indications for use. The prescriptive formula and adjustments available to the
audiologist in the software allow for programming the Otomag System for individual
patient hearing loss.

Possible Adverse Effects
General
It is possible that a reaction to the materials of the Headband, Softband, or
Magnetic Implant could occur. Such a circumstance may necessitate that use of
the device be discontinued. Please report any adverse effects to Sophono, Inc.
The address and phone number for Sophono, Inc. are listed at beginning and end
of this Physician Manual. If a reaction to the Headband or Softband occurs,
Sophono will supply appropriate instructions so that the device can be sent to the
laboratory for analysis.

Risks that may occur during surgery:
The risks involved in surgery and complications related to surgery include the
normal risks of the operative procedure and general anesthesia. These include
pain, blood clots, and/or circulatory problems, infection, cardiac arrest, and even
death. Specific risks related to operating on the mastoid include infection,
inflammation, numbness or stiffness about the ear, dural exposure, CSF leak,
perforation of sigmoid sinus, subdural hematoma and noticeable changes in head
noise.
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WarningI To avoid potential performance and / or safety issues, adhere
carefully to patient selection criteria.

Carefully consider the potential patient's medical history to
rule out allergies and other reactions to device materials prior
to prescribing the Otomag System.

Risks that may occur after surgery:

Potential risks after surgery include inflammation and complications associated with
general anesthesia. Potential risks related to the implant following surgery include
infection, reparative granuloma, inflammatory reaction, skin breakdown or skin
necrosis.

It is possible that a reaction to the implant materials and or failure of the implanted
device can occur and may necessitate an operation to remove and/or replace the
implant.

Warning
* A blow to the head in the area of the Otomag Alpha 1 Sound

Processor may result in damage to the device or device
failure.A When using the Otomag Alpha 1 (S) Softband, make sure that
a finger can be placed between the skull and Softband to
ensure that the Softband is not too tight.

* Do not perform MRI on a patient wearing an Otomag Alpha 1
Sound Processor, Magnetic Implant, Headband, or Softband.
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Other Symbols on Equipment and Labeling
Symbol Description

Consult Physician Manual

LOT Batch Code or Lot Number

SN Serial Number

Keep Away From Rain / Keep Dry

Manufacturer

MR Unsafe: Device should not be worn when patient is
undergoing an MRI

Product contains no natural rubber latex

Interference may occur in the area of equipment which is
labeled with the following symbol.

20F Temperature Limitation: The sound processor is
designed to operate within the temperature ranges of
41oF (+5oC) to 104oF (+40oC). The processor should
not be subject to temperatures below -4oF'(-20oC) or

-41F _ above 122oF (+50oC) at any time.
Device provided Non-Sterile

STERILE
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3 Patient Fitting Procedures
Alpha 1 (S) System: Instructions for Placement of the
Softband or Headband and Alpha 1 Sound Processor

Notes
Record the product and lot or serial numbers for the Alpha 1
Sound Processor in the patient file and send the patient to a
qualified audiologist for proper programming of the Alpha I
Sound Processor.

The Otomag Softband is an elastic Softband similar to a sweat band used in sports.
The Alpha 1 (S) Sound Processor magnetically adheres to the Softband via a
magnetic pad sewn into the band. No surgery is required and the Alpha 1 (S) can
be used immediately after being programmed by an audiologist.

* To use the Otomag Softband, attach the Alpha 1 (S) Sound Processor to the
magnetic pad on the Softband.

* Test that the Alpha 1 works by putting it on yourself, plugging your ears, and
introducing sound.

* Put the Softband around the patient's head, quite loosely at first by slipping the
end of the band through the slot next to the magnetic pad and attaching the
mating Velcro ® loops and hooks to each other.

* Place the magnetic pad against the mastoid or other boney location.
* Tighten the Softband by adjusting the Velcro® strap until it is close-fitting

enough to ensure effective sound transmission, but not tight enough to cause
discomfort. The Softband is too loose if it slips off of the head, can be rotated
easily around the head or no sound transmission can be heard. The Softband
is too tight if the patient complains of pain or discomfort while wearing the
Softband. Make sure that a finger can be placed between the skull and
Softband to ensure that the Softband is not too tight.

Warning
When using the Otomag Alpha 1 (S) Softband, make sure that
a finger can be placed between the skull and Softband to
ensure that the Softband is not too tight.

The Otomag Headband is a springy Headband, similar to that used for earphone
devices, It comes in one size and is not adjustable. The Alpha 1 (S) Sounds
Processor magnetically adheres to the Headband via a magnetic pad fitted to the
Headband. No surgery is required and the Alpha 1 (S) can be used immediately
after being programmed by the audiologist.
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* To use the Otomag Headband, attach the Alpha 1 (S) Sound Processor to the
magnetic pad on the Headband.

* Test that the Alpha 1 works by putting it on yourself, plugging your ears, and
introducing sound.

* Put the Headband on the patient's'head and place the magnetic pad against
the mastoid or other boney location.

The choice of a Headband or Softband is a matter of patient preference.

Alpha 1 (M) System: Compatible Screws

Notes
The Alpha 1 (M) implant requires 5 screws for implantation that
are NOT included with the implant.

Screws
The Alpha 1 (M) implant requires 5 screws to be used to affix the implant to the
skull. These screws are NOT included as part of the Alpha 1 (M) implant system
and must be obtained separately.

The implant bracket holes are sized to accept Stryker/Leibinger 1.7 mm diameter
Craniomaxillofacial titanium Self Tapping Screws, (Gold) and 1.7 mm diameter Self
Drilling Screws (Silver) in 4 mm lengths and 1.9 mm Emergency Screws (Purple) in
3 mm lengths.

1.7 mm dia. x 1.7 mm dia. x 1.9 mm dia. xCraniomaxiilofacial 4.0 mm 4.0 mm 3.0 mmTitanium Screws Self Tapping Self Drilling Emergency
Stryker/Leibinger 50-17004 50-17904 50-19004Part Numbers

While all screw sizes / types specified above have been validated for this
application, the Stryker/Leibinger 1.7mm x 4 mm self drilling screws, part number
50-17904 is considered optimal.

Other commercially available craniomaxillofacial titanium screws may be used as
long as the screw shaft diameter is less than 2.0 mm and the screw head size is
greater than 2.45 mm. Screw must be 4 mm in length (3mm for emergency
screws).

The screws must be sterile prior to implantation. If the screws are not purchased
sterile, refer to the screw manufacturer's instructions for sterilization.
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Warning
* Purchased screws may be provided non-sterile and if so must be

sterlized prior to implantation according to the manufacturers
instructions. Failure to sterilize appropriate can result in serious
infection.

Caution
* Refer to the screw's original manufacturer's instructions for use

*A for specific directions on how to use the screws.

If the initial attempt to place a screw does not work and the screw hole becomes
"stripped" emergency "rescue" screws can be threaded into the stripped hole. The
largest size screw that can be used is 1.9 mm in diameter.
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Alpha 1 (M) System: Instructions for Sterilization and
Placement of the Magnetic Implant and Alpha 1
Sound Processor
Point of Use Sterilization Instructions:

Warning
The Alpha 1 (M) Magnetic Implant is provide non-sterile and
must be sterlized prior to implantation according to the

* 0 provided instructions. Failure to sterilize a device
appropriately can result in serious infection.

The Alpha 1 (M) magnetic implant is provided clean but NOT sterile. It is not
necessary to clean the implant prior to stefilization. To prepare the implant for
steam sterilization use the following steps:
* Unscrew the cap on the magnetic implant container.
* Without touching the magnetic implant, transfer the implant into the

autoclave pouch. Transfer can be simply accomplished by inverting the
implant container over the open top of the autoclave pouch.

* Place a single steam sterilization indicator into the pouch with the implant.
* Immediately seal the autoclave pouch.

Caution
The Alpha 1 Sound Processor, Magnetic Implant, Headband,
and Softband are intended for single-patient use only. Do not

*! use any of these products if they have previously been placed
in or with another patient.

Exact compliance is required with the sterilization equipment manufacturer's
instructions for use, maintenance, and periodic monitoring. The Alpha implant
can be re-sterilized by gravity steam sterilization (autoclaving) if it is not used
during the implantation procedure. The following sterilization parameters have
been validated for sterilization of the implant.

Limitations on Reprocessing: Magnetic implants may be resterilized if not
used during the implant procedure. Implants may be stored in the
steriliiation pouch or the original screw-top cylinder. However, the implant
must be transferred to a new sterilization pouch just prior to sterilization and
implant.

Presterilization Decontamination i Cleaning i Disinfection: None
Required

Cycle Type: Gravity

Sterilization Time: 15 minutes minimum

Sterilization Cycle Temperature: 132 degrees C / 270 degrees F

Drying Time: 30 minutes minimum
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Packaging: Cardinal Health Self Sealing Autoclave Pouch (P/N 92510)

Storage in Sterile State: Final sterilization immediately pre-implant only

Upon completion of sterilization verify that both sterilization indicator strips
(interior and on exterior of package) indicate the steam cycle was completed
correctly. Follow manufacturer instructions for interpretation of these indicators.
If both the indicators do not show completion of the sterilization cycle, repeat the
cycle.

Warning
*The Alpha 1 (M) Magnetic Implant is not intended to be flash

steam sterilized. Flash steam sterilization has not beenA validated to effectively sterilize the device,

Sterilization Pouch Specifications

To ensure the validated parameters are replicated appropriately, the
following is to be used to individually pouch each implant prior to performing
the sterilization cycle:
Manufacturer: Cardinal Health, http://www.cardinal.com, 800.964.5227

Catalog Number: 92510
Size: 5.5" x 10" Paper Self Seal Pouch

Materials: Arjowiggins 60g/m 2 Paper / CN PET 12/CPP40 Micron

Total Product Area: 0.035 m2

Paper Area: 0.035 m2

Ink: Medical Grade

Caution
Refer to the original manufacturer's instructions for use forA specific directions on how to appropriately use these
sterilization pouches.

Internal Steam Indicator Strip Specifications
Each time an implant is steam sterilized, place a single indicator strip
conforming to the following specifications into the inside of the specified
pouch. Follow manufacturer's instructions for interpretation of results

Manufacturer: Steris

Description: Verify@ Sixcess@ 270F 15 Minute Indicator - Long
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Sophono
Catalog Number: PCCO31
Cycle Use: 2700F (132 0C), 15 minute steam sterilization processes

Type: Single Use Only

Pre-Surgical Training Requirements
Before attempting to implant the Otomag Implant, surgeons are required to
complete training provided by Sophono, Inc. During the training they will
receive guidance regarding the procedure, a thorough understanding of the
device and surgical procedure and other important information. Contact
Sophono Customer Services at the contact number listed in Section 6 of this
manual to arrange training.

Surgical Risks
The implantation of the Otomag Implant requires a surgical procedure involving
the removal of tissue and bone. As with any surgical procedure involving a
general anesthetic, certain risks exist. Those risks include the risk of infection
from poor hygiene or non-sterile technique, irritation of tissues during the
implantation procedure, unintended cuts and abrasions, and irritation of tissues
due to unintended exposure to implant materials. The implant is made of
materials considered to be hypo-allergenic but in the case of unintended
damage to the device, a patient could come in contact with substances that
could generate an adverse reaction.

Surgical Site Preparation:

The hair should be clipped and the scalp shaved at the incision site immediately
before surgery. With the incision site skin free of gross contamination, apply
antiseptic (such as iodophors, alcohol-containing products, or chlorhxidine
gluconate) in the area of the proposed incision to an area large enough to allow
for the extension of the incision or creation of a new incision or drain sites (if
necessary).

Pre-Surgical Antibiotic Prophylaxis:
Antibiotic prophylaxis should be considered if the surgeon determines that this
surgical procedure may be associated with a considerable risk of infection or if a
post operative infection would cause a serious hazard to the patient's recovery
or well being.

Surgical Implantation Steps

Step 1 - Making The Incision
The proper position for the implant is 6 cm from the ear canal at a 45-degree
angle posterior and superior to the ear canal. The incision should be made
7.5 to 8 cm from the external ear canal (1.5 to 2 cm from the location of the
implant so the incision is not directly over the implant). After making the
incision, expose the skull where the implant will be placed. The incision
must be large enough to allow placement of the implant. See Figure 1.
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Figure 1: Incision Location

Step 2 - Create a bone bed (optional)
The implant is approximately 2.6 mm thick and optimal tissue thickness over
the implant is 4 mm to 5 mm.

To create a bone bed, mark the position of the implant magnets on the bone
and drill the bone bed to a depth of approximately 3 mm. The implant
magnets have a diameter of 10 mm.

Figure 2: Bone Beds
Step 3 - Implant Placement
After creation of the bone bed, install the magnetic implant using the
specified screws such that the implant is oriented with the "This Side Up"
label facing out. In addition, be sure to place the implant so that the small
fiduciary mark is located in the most anterior and superior location. Place
one screw in each of the bracket holes to securely attach the implant to the
skull. The surface of the implant should be nearly flush with the surface of
the mastoid.
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Figure 3: Implant Installation Diagram

Step 4 - Tissue Thinning and Closing the Incision
If the tissue flap is thicker than 6 mm, thin down a 10 mm wide strip of tissue
to 5 mm directly over the implant magnets. Suture the incision closed.

Implant Surgical Removal Steps
Steop - Making The Incision
The implant is 6 cm from the ear canal at a 45-degree angle posterior and
superior to the ear canal. The incision should be made 7.5 to 8 cm from the
external ear canal (1.5 to 2 cm from the location of the implant so the
incision is not directly over the implant). After making the incision, expose
the skull where the implant has been placed. The incision must be large
enough to allow removal of the implant. See Figure 1 above.

Step 2 - Implant Removal
Remove each of the 5 screws holding the magnetic implant in place. It may
be necessary to excise bone or tissue growth occurring over the face of the
implant. Once the screws are removed the implant can be lifted carefully
from the bone or bone beds. Suture incision closed.
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Instructions for Placement / Sizing of the Magnetic
Spacers
Magnetic Spacer Selection

As with the Headband and Softband, application of appropriate pressure to the
mastoid by the Sound Processor is essential for proper functioning of the
system and patient comfort. The Alpha 1 (M) configuration is supplied with five
strengths of magnetic spacers to allow the fitting physician to adjust the force
applied to the mastoid.

The spacers are labeled with "dots" to indicate magnetic strength. Magnetic
strength increases based on the number of dots present on the spacer. One
dot is the lowest strength and five dots is the highest strength.

Several magnetic spacer strengths may be applicable to an individual patient.
To determine the appropriate magnetic spacer for a patient use the "Go" and
"No-Go" gages as follows.

The "Go" and "No-Go" gages used in the selection of the appropriate magnetic
spacers may be re-used with multiple patients. However, prior to using with
another patient the accessories must be cleaned with a Clorox@ type
disinfecting wipe.

Using the "Go" gage to determine the weakest appropriate magnetic
spacer
1. Starting with the one dot magnetic spacer, place the magnetic spacer over

the implant. Magnetic attraction will pull the magnetic spacer toward the
implant. The magnetic spacer has two poles. Rotate the magnetic spacer
360 degrees until the magnetic spacer poles align with the implant poles
and the strongest magnetic attraction is achieved.

2. Ask the patient to sit upright with their head in a typical vertical position.
Attach the "Go" gage clip to the patient's clothing.

3. Hang the "Go" gage disk from the magnetic spacer.
4. If the magnetic spacer detaches from the side of the patient's head, then

the spacer is too weak and the process should be repeated with
increasing magnetic spacer strengths until the magnetic spacer remains
attached to the side of the head while attached to the "Go" gage disk.

5. The lowest dot number magnetic spacer that passes the "Go" test
indicates the weakest magnetic spacer strength that should be
recommended to the patient.

Using the "No -Go" gage to determine the strongest applicable magnetic
spacer
1. Starting with the lowest dot number magnetic spacer that passes the "Go"

test, place the magnetic spacer over the implant Magnetic attraction will
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pull the magnetic spacer toward the implant The magnetic spacer has
two poles. Rotate the magnetic spacer 360 degrees until the poles align
with the implant poles and the strongest magnetic attraction is achieved.

2. Again, ask the patient to sit upright with their head in a typical vertical
position. Attach the "No-Go" gage clip to the patients clothing.

3. Hang the "No-Go" gage disk from the magnetic spacer.
4. The magnetic spacer should detach from the head from the weight of the

disk. If the magnetic spacer detaches from the head then the magnetic
spacer is one of the appropriate spacers for the patient,

5. Repeat this process, increasing magnetic spacer strength one dot at a
time until the magnetic spacer does not detach from head.

6. The highest number magnetic spacer that detaches from the head using
the "No-Go" test indicates the highest magnetic spacer strength that
should be used by the patient on a regular basis.

7. Any magnetic spacer that remains attached during the "No-Go" test is too
strong and should not be recommended for patients long term use.

8, If all magnetic spacers used in the "No-Go" test detach when the "No-Go"
disc is attached, then all of the spacers tested in the "No-Go" test may be
appropriate for the particular patient.

Several spacer magnet strengths may be applicable for an individual patient.
The patient should be prescribed the lowest dot magnet strength that is both
comfortable, functions correctly and fits with their age and lifestyle.

Warning
Excessive, long term use of magentic spacers that are too
strong may lead to pain and or pressure necrosis for the
patient. Always recommend to the patient the lowest
magnetic strength spacer that passes the "Go" test.

Caution
The patient should be instructed to select a lower strength
spacer if the pressure on the skin is uncomfortable or if pain,
numbness, or tingling occurs.

Placement of the Alpha 1 (M) Audio Processor

Approximately 4 weeks after the incision site has healed and all signs of
inflammation are gone, the patient may be fit with the Alpha 1 (M) Audio
Processor.
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Warning
* Do not use of the Alpha 1(M) configuration of the device if the

skin contact area of the sound processor is compromised in
any way (i.e. - unhealed incision, psoriasis, or eczema).
Failure to follow this warning may result in prolonged healing,
further irritation, or infection.
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4 Technical Data
Information about Magnets
Magnets in the Alpha 1 Headband, Softband, and Magnetic Implant create a
permanent magnetic field. A permanent magnetic field is not the same as, and
should not be compared to, an electromagnetic field such as that of a mobile
telephone or a high-voltage transmission line.

None of the magnets associated with the Otomag System will affect cardiac
pacemakers as long as the magnetic parts do not directly contact the
pacemaker.

Caution
* Keep Otomag System components away from magnetic data

storage media and electronic devices, The Alpha 1 Sound
Processor, Magnetic Implant, Headband, and Softband all
contain magnets that can potentially damage magnetic data

*L storage media and electronic devices.
* To avoid potential of damage to the device, do not store the

Otomag System near magnets or magnetic devices other than
the magnetic spacer and implant.

Patient-contacting Materials
Implant Material: The implant consists of a Samarium Cobalt sealed in a
biocompatible titanium case. Only the titanium case of the implant is in contact
with patient tissue.

Softband Material: The Softband is constructed of an elastic band and consists
of approximately 85% nylon/15% Spandex.

Portion of Headband or Softband that presses against the mastoid (bony
protrusion on the skull located directly behind the ear): Fotoplast Lacquer 3
(light-curing one-component lacquer)

The components and packaging for the Otomag Bone Conduction Hearing
System contain no natural rubber latex.

The Magnetic implant of the system is provided clean and non-pyrogenic, but is
not sterile. The implant is intended to be sterilized via steam sterilization at the
healthcare facility immediately prior to implementation.
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Alpha 1 Sound Processor Technical Characteristics
* Magnetically coupled bone conduction sound processor
* Fully programmable digital hearing system
* programs (programmable by audiologist)
* 4 channels
* 16 frequency bands
* Low battery warning
* Automatic noise reduction
* Automatic feedback cancellation
* Volume control
* Outer material of Alpha 1 (S): plastic with a corrosion resistant steel disk
* Weight: 10 g (with battery
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Alpha 1 Sound Processor Performance Data
(Measured according to DIN IEC 60118-9 Hearing Aids Part 9: Methods of
measurement of characteristics of hearing aids with bone vibrator output)

OFL (Output force level) at 90 dB SPL - Top Line)

OFL (Output force level) at 60 dB SPL - Bottom Line)

(Measured according to DIN IEC 60118-9. Averages include all configurations
of softband, headband, and magnetic spacers for a given normal force)

OFL (output force level) at 90 dlB 5PL
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* Acousto - mechanical gain at 60 dB SPL and 1600 Hz: 29 dB
* Maximum gain at 60 dB SPL: 38 dB re 1 pN
* Peak Output at 90 dB SPL: 115 dB re 1 pN
* Frequency range per ANSI S3.22-2009: 280-5000 Hz
* Frequency Processing Range: 125-8000 Hz
* Total Harmonic Distortion per ANSI S3.22-2009: <3%
* Equivalent input noise: 17 dB SPL
* Battery current drain: 0.95 mA
* Processor: 16 band, 4 Channel WDRC
* Crossover Frequency Options: 0-1:25, 0.25-2.75, 1.75-7.75 kHz
* Compression Attack Time: 0.25 ms
* Compression Release Time: 8192 ms
* Patient Volume Control Wheel: 38 dB range
* Power Supply: 1 .3V, #675 Zinc Air Battery
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5 Storage and Handling
Storage

Caution
* To avoid damage to the device, do not subject the Alpha 1

Sound Processor to temperatures below -20 C (-4 F) or
above +50 C (122 F) at any time.A * To avoid potential of damage to the device, do not store the
Otomag System near magnets or magnetic devices other
than the magnetic spacer and implant.

Handling

Caution
* Prior to use, inspect packaging to verify that it is intact and

has not been damaged. If the packaging is damaged, do not
use the device and return it to Sophono, Inc. Please see the
address and phone number for Sophono, Inc. at the end of
this Physician Manual
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6 Professional Support
For more information or to report concerns, device malfunctions, adverse events, or
patient complaints, please contact:

Sophono, Inc.

903 Brooklawn Dr.
Boulder, Colorado 80303
USA
+1 (303) 564-1663
postmaster@sophono.com

Manufactured for: Sophono, Inc. 903 Brooklawn Dr., Boulder, Colorado
80303 USA +1 (303) 564-1663
Printed in U.S.A.
@Copyright Sophono, Inc.
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Sophono Inc. - Traditional 510(k) Otomag Bone Conduction Hearing System
Section 07: 510(k) Summary

Section 07: 510(k) Summary
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Sophono Inc. - Traditional 510(k) Otomag Bone Conduction Hearing System
Section 07: 510(k) Summary

510(k) Summary: Otomag Bone Conduction Hearing System
This summary of substantial equivalence information is being submitted in accordance with the
requirements set forth in 21 CFR 807.92.

Submitter: Sophono, Inc.

Establishment Registration Number: Not Yet Assigned

Contact Information:

Sophono, Inc.
903 Brooklawn Dr.
Boulder, Colorado 80303
Ph: 303-546-1663
Fax: 720-222-2432
Contact: Jim Kasic
Email: jkasic@comcast.net

Date Prepared: July 27, 2010

Name of Device: Otomag Bone Conduction Hearing System

Common Name: Bone Conduction Hearing System

Classification Name: Hearing Aid

Device Classification:

* Classification: 11

* Classification Panel: Ear, Nose and Throat

* Regulation Number: 874.3300
* Product Code: LXB

Predicate Device:

Otomag Bone Conduction Hearing System, Unmodified Version - K100193
Xomed Audiant Bone Conductor - K855059 / K861971

Device Description:

The Otomag Bone Conduction Hearing System is a family of sound processors and accessories
that operate on the principle of bone conduction of sound vibrations. The Otomag System consists
of two distinct configurations; Alpha 1 (S) and Alpha 1 (M). This 510(k) is being submitted to add
the Alpha 1 (M) configuration to the existing product family.

In the Otomag Alpha 1 (S), the Otomag Sound Processor is attached magnetically to a headband or
softband. The headband or softband holds the sound processor against the head and vibration is
transduced through direct contact with the patient's skin and the bone below.

In the Otomag Alpha 1 (M), the Otomag Sound Processor is attached magnetically to an implanted
magnet assembly. The magnetic field holds the sound processor against the head and vibration is
transduced through direct contact with the patient's skin and the bone below.
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Sophono Inc. -Traditional 510(k) Otomag Bone Conduction Hearing System
Section 07: 510(k) Summary
The magnetic implant of the system is provided clean and non-pyrogenic, but is not sterile. The
implant is intended to be sterilized via steam sterilization at the healthcare facility immediately prior
to implementation.

The Otomag System is designed for use for those patients with conductive hearing loss, those
patients who have sensorineural hearing loss up to 45 dB in combination with their conductive loss,
and single sided deafness as defined in the indications for use. The prescriptive formula and
adjustments available to the audiologist in the software allow for programming the Otomag System
for individual patient hearing loss.

Technological Characteristics:

The technological characteristics of the version of the Otomag Bone Conduction Hearing System
are equivalent to those of the predicate device. Items that are identical between the modified
version and the predicate are:

* Overall Device Performance

* Fundamental Technology (bone conduction)

* Software

Technological characteristics that are different between the modified device and the predicate are
as follows:

* Patient contact materials: Addition of a titanium cased magnetic implant for attachment.

* Method of Sound Processor Attachment: Addition of a titanium cased magnetic implant for
attachment.

Through non-clinical performance testing and evaluation, the identified technological differences do
not raise new questions of safety and effectiveness.

Device Indications For Use:

The Otomag Alpha 1 Sound Processor is intended for use with the Otomag Headband or Otomag
Softband (no age limitations), or with the Otomag Magnetic Implant (patients 5 years of age and up)
for the following patients and indications:

* Patients with conductive or mixed hearing losses, who can still benefit from amplification of
sound. The pure tone average (PTA) bone conduction (BC) threshold for the indicated ear
should be better than 45 dB HL (measured at 0.5, 1, 2, and 3 kHz).

* Bilateral fitting is applicable for most patients having a symmetrically conductive or mixed
hearing loss. The difference between the left and right sides' BC thresholds should be
less than 10dB on average measured at 0.5, 1, 2, and 4 kHz, or less than 15 dB at
individual frequencies.

* Patients who have a profound sensorineural hearing loss in one ear and normal hearing in
the opposite ear, who for some reason will not or cannot use an AC CROS. The pure tone
average (PTA) air conduction (AC) threshold of the hearing ear should be better than 20
dB HL (measured at 0.5, 1, 2 and 3 kHz).

Contraindications

Any factor that would cause a clinician to refer the patient for medical assessment will temporarily,
or in some cases permanently, halt the process of hearing aid fitting. These factors include:

* A hearing loss of sudden onset;
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Sophono Inc. - Traditional 510(k) Otomag Bone Conduction Hearing System
Section 07: 510(k) Summary

* A rapidly progressing hearing loss;

* Pain in either ear;

* Tinnitus of sudden recent onset, or unilateral tinnitus;

* Unilateral or markedly asymmetrical hearing loss of unknown origin;

* Vertigo (e.g. dizziness)

Performance Standards:

The design of the Otomag Bone Conduction Hearing System conforms to the following voluntary
standards:

* ISO 14971:2007: Medical devices - application of risk management to medical devices;

* FDA Memorandum #G95-1: Use of International Standard ISO 10993, Biological
Evaluation of Medical Devices Part 1: Evaluation and Testing

* ISO 17665-1:2006: Sterilization of Healthcare Products - Moist Heat - Part 1 Requirements
for the Development, Validation, and Routine Control of Sterilization Process for Medical
Devices

* ISO 17664-1:2004: Sterilization of medical devices - Information to be provided by the
manufacturer for the processing of resterilizable medical devices

* ISO 15223-1:2007: Medical devices - Symbols to be used with medical device labels,
labeling and information to be supplied

* AAMI TIR 12:2004 Designing, testing and labeling reusable medical devices for
reprocessing in health care facilities: A guide for medical device manufacturers

* AAMI/ANSI ST8:2008, Hospital steam sterilizers

* AAMI/ANSI ST67:2003/(R) 2008,Sterilization of health care products - Requirements for
products labeled "STERILE"

* AAMI / ANSI ST77:2006, Containment devices for reusable medical device sterilization

* AAMI/ANSI ST79:2006,A1:2008,A2:2009 Comprehensive guide to steam sterilization and
sterility assurance in health care facilities

* AAMI/ANSI ST81:2004, Information to be provided by the manufacturer for the processing
of resterilizable medical devices

* ASTM F1 36 - 08el: Specification for Wrought Titanium-6 Aluminum-4 Vanadium ELI
(Extra Low Interstitial) Alloy for Surgical Implant Applications

* ASTM F67-06: Standard Specification for Unalloyed Titanium, for Surgical Implant
Applications

Non-Clinical Performance Testing:

The Otomag Bone Conduction Hearing System has been subjected to extensive safety,
performance testing, and verification / validation. Testing of the Otomag Bone Conduction Hearing
System included various device performance tests and software validation tests designed to ensure
that the device meet all of its functional specifications and is fit for its intended use. Tests have also
been performed to ensure the device complies with industry and safety standards. The testing
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Sophono Inc. - Traditional 510(k) Otomag Bone Conduction Hearing System
Section 07: 510(k) Summary
information presented in this submission demonstrates the device's performance is substantially
equivalent to the predicate devices.
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Sophono Inc. -Traditional 51 0(k) Otomag Bone Conduction Hearing System
Section 07: 510(k) Summary

Conclusion:

Based on the non-clinical performance testing, the modified version of the Otomag Bone
Conduction Hearing System is as safe and effective and considered to be substantially equivalent
to the predicate Otomag device cleared in K100193 and the Audiant cleared K855059 and K861971
and that the differences between the three devices:

* Do not raise any new issues of safety and effectiveness

* Do not amount to a change in the "fundamental scientific technology" of the device with
regard to the Otomag predicate K100193

* Do not present any adverse health effect or safety risks to patients when used as
intended.
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Appendix 5 Steris Steam Sterilization Indicator Strip
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Appendix 6 Go! No-Go Gauges Protocol and Final Report, DG-47
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Appendix 7 Implant Magnetic Coupling Static Force Protocol I Report
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Appendix 8 Go I No-Go Gage Specifications, S0092
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Food and Drug Administration
Office of Device Evaluation &
Office of In Vitro Diagnostics

COVER SHEET MEMORANDUM

From: Reviewer Name Va1nj- D si
Subject: 510(k) Number 5) ( i _

To: The Record

Please list CTS decision code
ri Refused to accept (Note: this is considered the first review cycle, See Screening Checklisthttp://eroom fda qov/eRoomRe/Files/CDRH3/CRHPremarketNotification5lDkProgram/0 5631/Screenin%20CheckIist%207%202%2007.doc)

Hold (Additional Information or Telephone Hold).
O3 Final Decision (SE, SE with Limitations, NSE, Withdrawn, etc.).

Please complete the following for a final clearance decision (i.e., SE, SE with Limitations, etc ): s
Indications for Use Page . Attach IFU
510(k) Summary /510(k) Statement Attach Summary
Truthful and Accurate Statement. Must be present for a Final Decision
Is the device Class Ill?
If yes, does firm include Class III Summary? Must be present for a Final Decision
Does firm reference standards?

(if yes, please attach form from http://www fda.pov/onacom/morechoices/fdaforms/FDA
3654.pdf)

Is this a combination product?
(Please specify category . see
http://eroom.fda gov/eRoomRea/Files/CDRH3/CDRHPremarketNtificationblQkPropram/0 41Sb/CO
MBINATION%20PRODUCT%2OALGORITHM%20(REVISED%

203-12-03).DOC
Is this a reprocessed single use device?

(Guidance for Industry and FDA Staff - MDUFMA - Validation: Data in 510(k)s forReprocessed Single-Use Medical Devices http://www.fda.qov/cdrh/odeluidance/1216 html)
Is this device intended for pediatric use only?
Is this a prescription device? (If both prescription & OTC, check both boxes.)
Did the application include a completed FORM FDA 3674, Certification with Requirements of
ClinicalTrials.gov Data Bank? .
Is clinical data necessary to support the review of this 510(k)?
Did the application include a completed FORM FDA 3674, Certification with Requirements ofClinicalTrials.gov Data Bank?
(If not, then applicant must be contacted to obtain completed form.) I
Does this device include an Animal Tissue Source?
All Pediatric Patients age<=21

Neonate/Newborn (Birth to 28 days)
Infant (29 days -< 2 years old)
Child (2 years -< 12 years old)
Adolescent (12 years -< 18 years old)

Transitional Adolescent A (18 - <21 years old) Special considerations are being given to this
group, different from adults age 2 21 (different device design or testing, different protocol
procedures,.etc.)

Rev. 7/2/07
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Transitional Adolescent B (18 -< 21; No special considerations compared to adults => 21 years
old)

Nanotechnology

Is this device subject to the Tracking Regulation? (Medical Device Tracking Contact OC.
Guidance, htt: //www.fda.gov/cdrh/comp/quidance/169.html)

Regulation Number Class* Product Code

(*If unclassified, see 510(k) Staff)
Additional Product Codes:

Review:
(Branch Ch f) (Branch Code) (Date

Final Review:
(Division Director) (Date)

N _70
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510(k) "SUBSTANTIAL EQUIVALENCE"
DECISION-MAKING PROCESS

New Device is Compared to
Marketed Device A

Descriptive information Does New Device Have Sane NO Do the Differences Alter the Intended
about New or Marketed Indication Statement t'lTerapeutiefDiagnostic/etc. Effect YE tt

Device Requested as Needed (in Deciding, May Consider Impact on

I YES Safety and Effectiveness)?'*

New Device Has Same Intended NO
Use and May be "Substantially Equivalent" 

NewDevice______NwDevice Has 0
@ INew Intended Use

Does New Device Have Same
Technological Characteristics, NO Could the New
e.g. Design, Materials, etc.? - 0 Characteristics Do the New Characteristics

YES Affect Safety or Raise New Types of Safety O
7D Effectiveness? or Effectiveness Questions?,

NO Are the Descriptive NO
Characteristics Precise Enough NOOto Ensure Equivalence? I

NO1
Ar ,Prfrmnc DtanueEuvlne

Are Performance Data Do Accepted Scientific
Available to Asses Equivalence?*" YES Methods Exist for

Assessing Effects of NO

YES the New Characteristics?

YES

Performance I
Data Required Are Performance Data Available NO

To Assess Effects of New
Characteristics?**

YES

Performance Data Demonstrate Perforance Data Demonstrate
Equivalence? 0 .Equivalence?

YES YES NO
INO

To "Substantially Equivalent" To
TO Determination T

+ 510(k) Submissions compare new devices to marketed devices. FDA requests additional information if the relationship betweenmarketed and "predicate" (pre-AmendmentI or reclassified post-Amendments) devices is unclear.

This decision is normally based on descriptive information alone, but limited testing information is sometimes required.

Data maybe in the 510(k), other 510(k)s, the Centers classification files, or the literature.
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DEPARTMENT OF HEALTH AND HUMAN SERVICES MEMORANDUM

Food and Drug Administration
Office of Device Evaluation
9200 Corporate Boulevard

Rockville, MD 20850

Premarket Notification [510(k)] Review
Traditional/Abbreviated

K102199

Date: September 23, 2010
To: The Record Office: ODE,
From: Vasant K. Dasika, Ph.D. Division: DONED

510(k) Holder: Sophono, Inc.
Devicb Name: Otomag Bone Conduction Hearing System
Contact: Clay Anselmo, President and CEO, Reglera LLC
Phone: 303-223-4303
Fax:
Email: anselmoc@reglera.com

Recommendation: Telephone Hold
Major deficiencies

Review Team
Vasant Dasika, Ph.D. Lead Reviewer & Electrical Engineering
Angie Khan, M.D. Clinical
Sue Rudy Sterility
Shu-Chen Peng, Ph.D. Audiology.
Daniel Clupper, Ph.D. Materials Science & Mechanical Engineering
Vasant Malshet, Ph.D. Biocompatibility

I. Purpose and Submission Summary

The 510(k) holder would like to introduce a modified Otomag Bone Conduction Hearing System into
interstate commerce.

The modification "adds a new configuration into the Otomag Bone Conduction Hearing System family.
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The new configuration (Alpha 1(M)) uses an implantable magnet as a fixation system for the sound
processor instead of a headband or softband as was used in the prior version of the device cleared
under K1 00193- Otomag Bone Conduction Hearing System - May 18, 2010."

II. Administrative Requirements

Indications for Use page (Indicate if: Prescription or OTC) X

Truthful and Accuracy Statement X

510(k) Summary or 510(k) Statement XF

Standards Form X

Ill. Device Description

Is the device life-supporting or life sustaining? X

Is the device an implant (implanted longer than 30 days)? X

Does the device design use software? X

Is the device sterile? X
Is the device reusable (not reprocessed single use)? X X
Are "cleaning" instructions included for the end user? X

The following device description is excerpted from the review memos of.Drs. Clupper and Khan:

Description of the Osseointegrated Alpha 1 (M) Configuration (p. 13-4; 41 of 192)
In the Alpha 1(M) configuration, the Alpha 1 Sound Processor is used with an Otomag Osseointegrated
Magnetic Implant (similar to cochlear implant magnets) and a plastic magnetic spacer. The plastic
magnetic spacers are equipped with magnets encapsulated by Fotoplast (plastic) materials. Figure 1
below shows the details of the configuration; Figure 2 shows the magnetic spacer in isolation; Figure 3
shows the sound processor attached to the spacer.

For the Alpha 1(M) configuration, the same metal disc used in the Alpha 1(S) configuration is used to
attach the sound processor to plastic magnetic spacer. The magnets within the plastic magnetic spacer
are then additionally used to secure the external assembly (sound processor and spacer) to the magnetic
implant across the patient's skin.

To ensure that appropriate pressure is applied between the sound processor and the patient's skin /
bone, various strengths of magnetic spacers are available (4 sizes - 2mm, 4mm, 6mm, and 8mm).
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Figure 1. Alpha 1(M) configuration.

Figure 2. Magnetic spacer in Alpha 1(M) configuration.

Figure 3. Sound processor with metal disc attached to magnetic spacer.

The magnetic implant is screwed to the skull with Stryker self-tapping titanium facial plating screws. The
implant consists of two magnets (similar to cochlear implant magnets) hermetically sealed in a titanium
case that are recessed into bone beds at the surgical implant site.

Osseointegrated Magnetic Implant (p. 13-7; 44 of 192)
The implant consists of two  magnets hermetically sealed in a titanium housing as shown in Figure
4. The implant is manufactured for Otomag by Eberle, EFS GmBH. Validation documentation associated
with the implant's performance as a retention mechanism for the sound processor can be seen in
Appendix C to the overall submission. Each implant is welded, cleaned, and 100% leak tested by the
manufacturer using formally validated processes.
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Figure 4. Magnet implant.

Please refer to the review memos of Drs. Clupper and Khan for additional details about device
description. Please refer to Ms. Rudy's memo for a table of device components.

IV. Indications for Use

The sponsor provides the following indications for use:

The Otomag Alpha 1 Sound Processor is intended for use with the Otomag Headband or Otomag
Softband (no age limitations), or with the Otomag Osseointegrated Magnetic Implant (patients 5 years of
age and up) for the following patients and indications:

* Patients with conductive or mixed hearing losses, who can still benefit from amplification of
sound. The pure tone average (PTA) bone conduction (BC) threshold for the indicated ear should
be better than 45 dB HL (measured at 0.5, 1, 2, and 3 kHz).

* Bilateral fitting is applicable for most patients having a symmetrically conductive or mixed hearing
loss. The difference between the left and right sides' BC thresholds should be less than 10dB on
average measured at 0.5, 1, 2, and 4 kHz, or less than 15 dB at individual frequencies.

* Patients who have a profound sensorineural hearing loss in one ear and normal hearing in the
opposite ear, who for some reason will not or cannot use an AC CROS. The pure tone average
(PTA) air conduction (AC) threshold of the hearing ear should be better than 20 dB HL (measured
at 0.5, 1, 2 and 3 kHz).

V. Predicate Device Comparison

The sponsor claims one predicate device K100193, the Otomag bone conduction hearing aid system in
the Alpha 1 (S) (headband or softband) configuration. The sponsor also claims that the Xomed Audiant
Bone Conductor cleared in K855059 and K861971 employs the same coupling technology for the
attachment of the sound processor but does not cite the Xomed device as a predicate.

The following table (Table 3 in K102199) provided by the sponsor compares the subject device with the
cleared Alpha 1 (S) Bone Conduction Hearing
System:
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5Origial Otomag Bone Conduction Otoma Bone Conduction Hearing ComparisonChaaceriticn Hearing System K(100193 (predicate Sse
Chrceitc device) System ___________________________

Classificatiom 874.3300 874.3300 Identical

Class Class II Class 1l Identical

Product Code LXB LXB Identical

Improvement of hearing for patents with improvement of hearing for patents with
Intended Use conductive and mixed hearing losses, conductive and mixed hearing losses, identical

bilateral fitting, and single-sided deafness bilateral fitting, and single-sided deafness
imOwnag Atta 1 SaIW Procsw a ined fc us w The Otra Aia 1 So l P is banded fruse wh

n Otin Huai ar Og Slland (o g Ilan) t n Heatard or 0:nag Sobar (r age Irniai).

*rhlPwao patcrand innaon edor See odocrus eio blownan:pt
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0.5.1 2.ar3M ie eahd ber Mld HL ( rnesJnt

Characteristic * BearfinginppletemrKm01s3tprleiateagaon odcio ernCmaio

Isiatpioss trrnsmirurnad.crrnd swunpao . repSubstantiallyE ivalent
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Specification Oiitnal Otoma Bone Conduction Otomrna Bone Conduction Hearing a
Characteristic deain) SseK109(predicate System Cmaio

Power Suppl deicrte) yZn-i atr dnia

A sound processor transmits sound A sound processor transmits sound
vibrations that are conducted through the vibrations that are conducted through the

Design patients bone rather than via the middle patients bone rater than via the middle ear Identical
ear - a process known as direct bone - a process known as direct hone
conduction, conduction.
Sound Processor consists of an internal Sound Processor consists of an internal
electronic transducer, a battery, volume electronic transducer, a battery, volume

Sound Processor and programming controls, and an intenal and programming controls, and an intemal Identical
or external microphone within a plastic or external microphone within a plastic
housing. housing.

Power Supply Zinc-air battery Zinc-air battery Identical
Sound Processing Digital Digital Identical

Individual adjustment to patient audiogram Individual adjustment to patient audiogram
Patient Fitting and needs by a computer based fitting and needs by a computer based fitting Identical

system used by the audiologist system used by the audiologist

Frequncy age 125-8kHz 125-8kHz Identical

Max Gain (60dB 38 dB 386 dBIdentical
SPL)
Acousto-Mechanical
Gain at 60 dB SPL 29 dB 29 dB Identical
and 1600 Hz
Material of sound
processor coupling Stainless Steel Disc Stainless Steel Disc Identical

Accessories/Options Direct audio input via FM jack Direct audio input via FM jack Identical
Patient Contact
Materials forFaoasLc Fotoplast-Lac Fotoplast-Lac See discussion belowTitanium Grade 4 and 5 (Magnetic Implant)
Purposes
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Specification I Original Otomg Bone Conduction Otomag Bone Conduction Hearing Comparison
Characteristic Hearing System K100193 (predicate System

device)

Sterilization No sterile components Steam sterilization of surgical implant See discussion below

Manufacturer Otomag GmBH Otomag GmBH Identical

Peak Output at 90 115 dB 115 dB Identical
dB SPL
Frequency range per 280-5000 Hz 280-5000 Hz IdenticalANSI S3.22-2009
Total harmonic
distortion per ANSI <3% <3% Identical
83.22-2009
Equivalent input 17 dB SPL 17 dB SPL identical
noise:
Battery current drain 0 95 mA 0.95 mA Identical

Processor 16 Band, 4 Channel WDRC 16 Band, 4 Channel WDRC Identical

Crossover 0-1.25, 0.25-2.75,1.75-7.75 kHz 0-1.25, 0.25-2.75. 1.75-7.75 kHz Identical
Frequency Options
Compression Attack 025 ms 0.25 ms Identical
Time (minimum)
Compression
Release Time 8192 ms 8192 ms Identical
(maximum)
Patient Volume 38 dB range 38 dB range Identical
Control Wheel
Power Supply 1.3 V. #675 Zinc Air Battery 1.3 V. #675 Zinc Air Battery Identical

Headband or Softband (Alpha 1 (S)
Force Application Version) Substantially Equivalent
Methods Headband or Softband Osseointegrated Magnetic Implant (Alpha - See discussion below

1(M) Version)

The sponsor claims four major differences between the subject and predicate devices:

1. Indications for use: The new Alpha 1(M) configuration is indicated for patients age 5 and older
whereas the cleared (S) configuration is indicated for all ages.

2. New patient contact materials: The Magnetic Implant in the Alpha 1(M) configuration contains
new patient contacting materials: Titanium Grades 4 and 5.

3. Sterilization: The Magnetic Implant is provided clean but not sterile and requires sterilization via
gravity or prevacuum steam sterilization at the healthcare facility prior to implantation.

4. Method for coupling sound processor to patient: The Alpha 1(M) configuration utilizes a
magnetic field to apply the necessary force to the patient's mastoid to conduct sound. The force
generated by the magnetic field is adjustable through 4 different strength magnetic spacers
provided with the product. In contrast, the cleared Alpha 1(S) device uses either elastic material
(in the softband version) or Spring tension (in the headband version), to couple the sound
processor to the patient's head. The predicate therefore uses no implanted components.

The sponsor claims that the above differences do not negatively impact safety or effectiveness and do not
raise any new safety or effectiveness questions.
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VI. Labeling

The sponsor lists 4 labeling materials that have been revised for the Alpha 1(M) configuration:

1. Physician's Manual
2. Patient User Manual
3. Magnetic Implant Package Label
4. Revised Primary Device Labels

This information was reviewed by Drs. Khan and Ms. Rudy. Please refer to the review memos of
these reviewers for details, including several deficiencies relating to labeling.

VII. Sterilization/Shelf LifelReuse

This information was reviewed by Ms. Rudy.

Please see Ms. Rudy's review memo for details, including a deficiency relating to the greater risk
of infection compared to the predicate, in addition to several deficiencies relating to sterilization.

VIII.Biocompatibility

This information was reviewed by Dr. Malshet. Dr. Maishet has determined that the information is
acceptable. Please see Dr. Malshet's review memo for details.

IX. Software

Comment (Lead Reviewer): Changes in this submission relate only to the method of physically coupling
the sound processor to the patient, and not in the sound-processor firmware or the clinical programming
software. I therefore concur with the sponsor's assessment that, "All software documents provided in the
original 510(k) submission (K100193) continue to be applicable to the modified version of this device."
Please refer to the lead review memo for K100193 for review of the device software.

X. Electromagnetic Compatibility and Electrical, Mechanical and Thermal Safety

Comment (lead reviewer): The following deficiency is identified which relates to electrical engineering
and bench performance testing:
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XI. Performance Testing - Bench

XII. Performance Testing - Animal

No animal performance-testing data were provided.

Comment (Lead Reviewer): This is acceptable provided that the sponsor demonstrate substantial
equivalence through bench performance testing and possibly, clinical performance testing.

XIII. Performance Testing - Clinical

No clinical performance-testing data were provided.

Dr. Peng raises a deficiency relating to the lack of clinical performance testing. Please see Dr.
Peng's review memo for details.
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XIV. Substantial Equivalence Discussion
Yes No

1. Same Indication Statement? X If YES = Go To 3
2. Do Differences Alter The Effect Or Raise New X If YES = Stop NSE

Issues of Safety Or Effectiveness?

3. Same Technological Characteristics? X If YES = Go To 5

4. Could The New Characteristics Affect Safety Or X If YES = Go To 6
Effectiveness?

5. Descriptive Characteristics Precise Enough? If NO = Go To 8
If YES = Stop SE

6. New Types Of Safety Or Effectiveness Questions? X If YES = Stop NSE

7. Accepted Scientific Methods Exist? X If NO = Stop NSE

8. Performance Data Available? X If NO = Request Data

9. Data Demonstrate Equivalence? Final Decision:

Note: See
http://eroom.fda.pov/eRoomReq/Files/CDRH3/CDRHPremarketNotification5lOkProgram/0 4148/FLOWC
HART%20DECISION%20TREE%20.DOC for Flowchart to assist in decision-making process. Please
complete the following table and answer the corresponding questions. "Yes" responses to questions 2, 4,
6, and 9, and every "no" response requires an explanation.

1. Explain how the new indication differs from the predicate device's indication:

The indication statement is the same as the indication for the predicate except for the addition that the
(subject) Alpha 1(M) configuration which requires a surgically placed implant, is intended for ages 5 and
older only.

2. Explain why there is or is not a new effect or safety or effectiveness issue:

The change made in the new indication statement does not raise any new safety of effectiveness issues
because the age range has been appropriately specified per the review of the clinical reviewers.

3. Describe the new technological characteristics:

New technological characteristics include magnetic coupling of the sound processor to the patient's skull
via a magnetic implant and (externally worn) magnetic spacer. The predicate instead uses a headband or
softband to couple the sound processor to that patient's skull and there is no implant.

4. Explain how new characteristics could or could not affect safety or effectiveness:

The implanted component in the subject device poses several safety risks, including those relating to
sterility and infection. The effectiveness of the new spacer system has also not been established.

5. Explain how descriptive characteristics are not precise enough:

6. Explain new types of safety or effectiveness question(s) raised or why the question(s) are not new:

Hearing-aid bone-conduction devices are not new. Therefore the general set of safety and effectiveness
questions remains constant across various types of devices.
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7. Explain why existing scientific methods can not be used:

8. Explain what performance data is needed:

At a minimum, additional bench performance data are needed to demonstrate substantial equivalence to
the predicate. Clinical performance data may also be needed.

9. Explain how the performance data demonstrates that the device is or is not substantially equivalent:

XV. Deficiencies
When developing deficiencies please consider the following "Suggested Format for Developing and
Responding to Deficiencies in Accordance with the Least Burdensome Provisions of FDAMA"
(hfto://www.fda.aov/cdrh/modact/quidance/l 195.html) and "A Suggested Approach to Resolving
Least Burdensome Issues" (http://www.fda.pov/cdrh/modact/leastburdensome.html).

See attached e-mailed for final deficiencies conveyed to sponsor.

XVI. Contact History

August 9, 2010: Lead Reviewer requested e-copy of submission from sponsor. Sponsor provided a
download link to the submission the same day.

September 15, 2010: Lead Reviewer requested device sample from sponsor. Sponsor indicated on same
day that this was possible and had some clarification questions: purpose, use, and whether sample will
be returned. Lead reviewer responded on September 16, 2010. Sample received on September 22, 2010.

September 22, 2010: Lead Reviewer e-mailed sponsor question to clarify magnetic spacers provided in
the sample. Sponsor provided requested clarification the next day.

September 23, 2010: Lead Reviewer e-mailed sponsor that additional information is needed to continue
review of K102199 and informed the sponsor that the submission will be on hold until the information is
provided.

XVII. Recommendation

Telephone Hold (TH).

Review Dat

ranch Chief Dat
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Dasika, Vasant

From: Dasika, Vasant
t: Thursday, September 23, 2010 12:28 PM

'jim.kasic@sophono.com'; 'anselmoc@reglera.com'
Cc: Nandkumar, Srinivas
Subject: K102199: Additional information needed

Importance: High

Attachments: K102199 additional information needed.pdf

Dear Mr. Kasic,

K102199
ional informat

We have conducted a preliminary review of the above referenced submission. Based on our review,
additional information is needed. Please see the attached letter for details. Please also be advised
that your submission will be placed on hold today and will remain on hold until the requested
information is provided.

When you do respond with the requested additional information, please provide this information per
the instructions in the letter (i.e., submit it to the address stated in the letter). At the same time,
please also provide directly to me a complete e-copy of your response. This will greatly facilitate the
review process.

- ., look forward to receiving and reviewing your supplement.

Please contact me if you have any questions.

Kind Regards,
Vasant

Vasant K. Dasika, PhD
Biomedical Engineering Scientific Reviewer
Ear, Nose, and Throat Devices Branch
DONED/ODE/CDRH
US FDA
10903 New Hampshire Avenue
W066, Room 2443
Silver Spring, MD 20993

Phone: (301) 796-6860
Fax: (301) 847-8126

Email: Vasant.Dasika@fda.hhs.gov

THIS MESSAGE IS INTENDED ONLY FOR THE USE OF THE PARTY TO WHOM IT IS ADDRESSED AND
Y CONTAIN INFORMATION THAT IS PRIVILEGED, CONFIDENTIAL, AND PROTECTED FROM

uSCLOSURE UNDER LAW. If you are not the addressee, or a person authorized to deliver the document to
the addressee, you are hereby notified that any review, disclosure, dissemination, copying, or other action

1 4ib
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based on the content of this communication is not authorized. If you have received this document in error,
please immediately notify the sender immediately by e-mail or phone.
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Re: K102199
Trade Name: Sophono Otomag Bone Conduction Hearing System
Dated: August 3, 2010
Received: August 4, 2010

Dear Mr. Kasic:

We have reviewed your Section 510(k) premarket notification of intent to market the device
referenced above. We cannot determine if the device is substantially equivalent to a legally
marketed predicate device based solely on the information you provided. To complete the
review of your submission, please provide the following additional information:

Predicate device

1. You seek clearance for the Alpha 1(M) configuration of your Otomag Bone Conduction
Hearing System. This configuration uses magnetic attraction between a magnetic implant and
an externally worn magnetic spacer to couple the sound processor to the patient. You list the
cleared Alpha 1(S) configuration of your Otomag system as the single predicate. However,
the Alpha I(S) configuration uses neither an implant nor magnetic attraction for coupling the
sound processor to the patient. You state, "The approach of using a magnetic implant to
attach the sound processor has been previously employed by another family of bone
conduction hearing devices. The Xomed Audiant Bone Conductor cleared in K855059 and
K861971 employs this same technology for the attachment of the sound processor" (page 58
of 192). However, you do not cite this device as a predicate, nor compare it to your subject
device. Given these insufficiencies, please address the following:

Clinical and Bench performance data

(b)(4) 

(b)(4) 
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Labeling. Clinical, and Sterility

(b)(4) 
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If the information, or a request for an extension of time, is not received within 30 days, we will
consider your premarket notification to be withdrawn and your submission will be deleted from
our system. If you submit the requested information after 30 days it will be considered and
processed as a new 51 0(k)(21 CFR 807.87(1)); therefore, all information previously submitted
must be resubmitted so that your new 510(k) is complete. For guidance on 510(k) actions,
please. see our guidance document entitled, "FDA and Industry Actions on Premarket
Notification (510(k)) Submissions: Effect on FDA Review Clock and Performance Assessment"
at
http://www.fda.2ov/downloads/MedicalDevices/DeviceRegulationandGuidance/GuidanceD
ocuments/UCM089738.pdf

If the submitter does submit a written request for an extension, FDA will permit the 5 10(k) to
remain on hold for up to a maximum of 180 days from the date of the additional information
request.

The purpose of this document is to assist agency staff and the device industry in understanding
how various FDA and industry actions that may be taken on 5 10(k)s should affect the review
clock for purposes of meeting the Medical Device User Fee and Modernization Act. .

The requested information, or a request for an extension of time, should reference your above
510(k) number and should be submitted in duplicate to:

U.S. Food and Drug Administration
Center for Devices and Radiological Heath
Document Mail Center - W066-0609
10903 New Hampshire Avenue
Silver Spring, MD 20993-0002

If you have any questions concerning the contents of the letter, please contact Vasant K.
Dasika, Ph.D. at (301) 796-6860. If you need information or assistance concerning the IDE
regulations, please contact the Division of Small Manufacturers, International and Consumer
Assistance at its toll-free number (800) 638-2041 or at (301) 796-7100, or at its Internet
address http://www.fia.2ov/MedicalDevices/ResourcesforYou/l ndustrv/default.htm.
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Dasika, Vasant

From: Clupper, Daniel C
it: Thursday, September 23, 2010 1:42 AM

.0: Dasika, Vasant
Subject: RE: K102199 Sophono deficiencies

Hi Vasant,

Yes, I think the labeling should somehow address this. I'm not sure if we have control over the marketing
materials. Here are some possible deficiencies:

Thanks,
Dan

From: Dasika, Vasant
Sent: Wednesday, September 22, 2010 6:01 PM
To: Clupper, Daniel C
Subject: RE: K102199 Sophono deficiencies

(b)(4) 

(b)(4) 
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Thanks!l
Vasant

From: Dasika, Vasant
Sent: Wednesday, September 22, 2010 4:00 PM
To: Clupper, Daniel C
Subject: K102199 Sophono defidencies

Hi Dan,

The latest set of other deficiencies are on p-drive:

<file:\\P:\DONED\510 (k)\E NT B\K1 02199 Sophono Otomaq BC System-magnetic configuration>

The following summarizes what I believe we just talked about. Please add or correct anything for the
below that may be missing or inaccurate.

Thanks!
Vasant

Vasant K. Dasika, PhD
Biomedical Engineering Scientific Reviewer
Ear, Nose, and Throat Devices Branch
DONED/ODE/CDRH
US FDA
10903 New Hampshire Avenue
W066, Room 2443
Silver Spring, MD 20993

Phone: (301) 796-6860
Fax: (301) 847-8126

Email: Vasant.Dasika@fda.hhs.gov

2
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THIS MESSAGE IS INTENDED ONLY FOR THE USE OF THE PARTY TO WHOM IT IS ADDRESSED AND
MAY CONTAIN INFORMATION THAT IS PRIVILEGED, CONFIDENTIAL, AND PROTECTED FROM
nISCLOSURE UNDER LAW. If you are not the addressee, or a person authorized to deliver the document to

) addressee, you are hereby notified that any review, disclosure, dissemination, copying, or other action
cased on the content of this communication is not authorized. If you have received this document in error,
please immediately notify the sender immediately by e-mail or phone.
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Dasika, Vasant

From: Clupper, Daniel C
it: Thursday, September 23, 2010 1:42 AM

* ,: Dasika, Vasant
Subject: RE: K102199 Sophono deficiencies

Hi Vasant,

Thanks,
Dan

From: Dasika, Vasant
Sent: Wednesday, September 22, 2010 6:01 PM
To: Clupper, Daniel C
Subject: RE: K102199 Sophono deficiencies

Hi Dan- Sorry to keep piling Sophono issues on you, but I was thinking more about a few more related to the potential

~5
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Thanksl!
Vasant

From: Dasika, Vasant
Sent: Wednesday, September 22, 2010 4:00 PM
To: Clupper, Daniel C
Subject: K102199 Sophono deficiencies

Hi Dan,

The latest set of other deficiencies are on p-drive:

<file:\\P:\DONED\510 (k)\E N T B\K102199 Sophono Otomaq BC System-magnetic configuration>

Thanks!
Vasant

Vasant K. Dasika, PhD
Biomedical Engineering Scientific Reviewer
Ear, Nose, and Throat Devices Branch
DONED/ODE/CDRH
US FDA
10903 New Hampshire Avenue
W066, Room 2443
Silver Spring, MD 20993

Phone: (301) 796-6860
Fax: (301) 847-8126

Email: Vasant.Dasika@fda.hhs.gov

2
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THIS MESSAGE IS INTENDED ONLY FOR THE USE OF THE PARTY TO WHOM IT IS ADDRESSED AND
MAY CONTAIN INFORMATION THAT IS PRIVILEGED, CONFIDENTIAL, AND PROTECTED FROM
DISCLOSURE UNDER LAW. If you are not the addressee, or a person authorized to deliver the document to

addressee, you are hereby notified that any review, disclosure, dissemination, copying, or other action
oased on the content of this communication is not authorized. If you have received this document in error,
please immediately notify the sender immediately by e-mail or phone.
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K102199
Otomag Bone Conduction Hearing System

CENTER FOR DEVICES AND RADIOLOGICAL HEALTH
510(k) AUDIOLOGY REVIEW MEMO

From: Shu-Chen Peng, Ph.D. CCC-A
ENTB/DONED/ODE

To: Vasant Dasika, Ph.D., ENTB

CC: Nandu Nandkumar, Ph.D., ENTB

Subject: K102199: Otomag Bone Conduction Hearing System
Sophono

Date: September 16, 2010

Per your request, I have completed the review on this submission, K 102199, regarding the
Otomag Bone Conduction Hearing System, from the perspective of clinical audiology. My
review of this submission reveals one question for the sponsor to address. This question is listed
under the section entitled "CONCLUSION & RECOMMENDATION". Given this
outstanding question along with the other possible outstanding questions identified by other
reviewers, I suggest that this submission be placed on hold. Please refer to the remainder of this
review memo for details, and indicate to me if any questions arise.

BACKGROUND

This 5 10(k) is being submitted to add the Osseointegrated Alpha 1 (M) configuration to the
existing product family for the Otomag Bone Conduction Hearing System (re: k100193).
Reportedly, The Otomag Bone Conduction Hearing System is a family of sound processors and
accessories that operate on the principle of bone conduction of sound vibrations. The Otomag
System consists of two distinct configurations; Alpha I (S) and Osseointegrated Alpha 1 (M).

In the Otomag Alpha 1 (S), the Otomag Sound Processor is attached magnetically to a headband
or softband. The headband or softband holds the sound processor against the head and vibration
is transduced through direct contact with the patient's skin and the bone below. In the Otomag
Osseointegrated Alpha I (M), the Otomag Sound Processor is attached magnetically to an
implanted Osseointegrated magnet assembly. The magnetic field holds the sound processor
against the head and vibration is transduced through direct contact with the patient's skin and the
bone below. The pressure applied by the magnetic attraction between the implant and the sound
processor is equivalent to that in the Alpha 1 (S) configuration.

The Otomag System is designed for use for those patients with conductive hearing loss, those
patients who have sensorineural hearing loss up to 45 dB in combination with their conductive
loss, and single sided deafness as defined in the indications for use. The prescriptive formula and
adjustments available to the audiologist in the software allow for programming the Otomag
System for individual patient hearing loss.

Page I of 9
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K102199
Otomag Bone Conduction Hearing System

INDICATIONS FOR USE

Reportedly, the Otomag Alpha I Sound Processor is intended for use with the Otomag Headband
or Otomag Softband (no age limitations), or with the Otomag Osseointegrated Magnetic Implant
(patients 5 years of age and up) for the following patients and indications:

* Patients with conductive or mixed hearing losses, who can still benefit from amplification
of sound. The pure tone average (PTA) bone conduction (BC) threshold for the indicated
ear should be better than 45 dB HL (measured at 0.5, 1, 2, and 3 kHz).

* Bilateral fitting is applicable for most patients having a symmetrically conductive or
mixed hearing loss. The difference between the left and right sides' BC thresholds should
be less than 10dB on average measured at 0.5, 1, 2, and 4 kHz, or less than 15 dB at
individual frequencies.

* Patients who have a profound sensorineural hearing loss in one ear and normal hearing in
the opposite ear, who for some reason will not or cannot use an AC CROS. The pure tone
average (PTA) air conduction (AC) threshold of the hearing ear should be better than 20
dB HL (measured at 0.5, 1, 2 and 3 kHz).

Contraindications
Any factor that would cause a clinician to refer the patient for medical assessment will
temporarily, or in some cases permanently, halt the process of hearing aid fitting. These factors
include:

* A hearing loss of sudden onset;
* A rapidly progressing hearing loss;
* Pain in either ear;
* Tinnitus of sudden recent onset, or unilateral tinnitus;
* Unilateral or markedly asymmetrical hearing loss of unknown origin;
* Vertigo (e.g. dizziness)

Reviewer's Comment: The indication for use (IFU) of the subject device is identical to its
predicate (Otomag Bone Conduction Hearing System, Unmodified Version - K1001 93). The
sponsor simply add the additional Osseointegrated Magnetic Implant version of the product to
the overall statement including an age limitation for use of the Osseointegrated Magnetic
Implant configuration (Osseointegrated Alpha 1(M)) to patients 5 years of age or older.
Although there is no particular concern from the perspective of clinical audiology, it is
anticipated that the sponsor provide proper performance data to support safety and
effectiveness with this osseointegrated magnetic implant configuration added to the pstem.

DEVICE DESCRIPTION

The Otomag Bone Conduction Hearing System is a family of sound processors and accessories
that operate on the principle of bone conduction of sound vibrations. The Otomag System
consists of two distinct configurations; Alpha I (S) and Alpha 1 (M). This 5 10(k) is being
submitted to add the Osseointegrated Alpha I (M) configuration to the existing product family.
In the Otomag Alpha 1 (S), the Otomag Sound Processor is attached magnetically to a headband
or softband. The headband or softband holds the sound processor against the head and vibration
is transduced through direct contact with the patient's skin and the bone below.

Page 2 of 9
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K 102199
Otomag Bone Conduction Hearing System

The Otomag Alpha I (M), the Otomag Sound Processor is attached magnetically to an
osseointegrated implanted magnet assembly. This configuration of the system is based on
osseointegration of the implant through which living tissue integrates with the titanium implant
causing the implant to be integrated into the bone. The magnetic field holds the sound processor
agains the head and vibration is transduced through direct contact with the patient's skin and the
bone below.

The Otomag System is designed for use for those patients with conductive hearing loss, those
patients who have sensorineural hearing loss up to 45 dB in combination with their conductive
loss, and single sided deafness as defined in the indications-for use. The prescriptive formula and
adjustments available to the audiologist in the software allow for programming the Otomag
System for individual patient hearing loss.

Technological Characteristics: The technological characteristics of the Osseointegrated version
of the Otomag Bone Conduction Hearing System are equivalent to those of the predicate device
(non-Osseointegrated version). Items that are identical between the Osseointegrated version and
the predicate are:

* Overall Device Performance
* Fundamental Technology (bone conduction)
* Software

Technological characteristics that are different between the modified device and the predicate are
as follows:

* Patient contact materials: Addition of a titanium cased magnetic implant for
attachment.

* Method of Sound Processor Attachment: Addition of a titanium cased magnetic

implant for attachment.

Through non-clinical performance testing and evaluation, the identified technological differences
do not raise new questions of safety and effectiveness.

Reviewer's Comment: The sponsor indicates that some aspects of the technological
characteristics of the subject device (Otomag Alpha I (M)) are different from its predicate
device. This information should be reviewed from the perspectives of biocompability and
software/electrical engineering. The sponsor does not provide clinical performance data. They
will be asked to justify why they believe that given these differences, clinical performance data
are not needed.

COMPARISON TO PREDICATE DEVICES

The sponsor claims that the Otomag Bone Conduction Hearing System is substantially
equivalent in material, design and function to the Otomag Bone Conduction Hearing System,
Unmodified Version cleared under K100193.

Reportedly, the sponsor indicates that the changes to the device that are the subject of this 510(k)
relate to the addition of another device configuration to the product family. The additional
configuration, called Osseointegrated Alpha 1(M) includes a Magnetic Implant that is placed in
bone beds behind and above the patient's ear to provide for attachment of the sound processor

Page 3 of9 700
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K 102199
Otomag Bone Conduction Hearing System

without the use of the headband or softband. This change impacts detailed engineering
specifications, labeling and patient contact materials, but does not alter the overall performance
of the device. Due to the specificity of the Indications for Use statement for the prior version of
the device, minor wording changes are also required.

The sponsor provides the following table summarizes and compares data on the Otomag Bone
Conduction Hearing System cleared in K100193 (predicate device) to the Osseointegrated Alpha
1 (M) device that is the subject of this 5 10(k) submission.

a tnc Orig torig Boe Conduction os osoltn tea Bone Comparison
Characteristic Hearing System KIOQI93 (predlicate Conduction Hearing System Cmaio

device) _______________________________
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K102199
Otomag Bone Conduction Hearing System

$pclflctln OrIginal Otonmg Bonie Conduction Ctomg 0ss.lnegrated Bone.o paio

Characteristic HrngSi tm 1013 pdia Conduction Heaw~it System

Frecinc range p, 280-5000 Hz 280-50b0 Hz idenicol
ANSI S3.22-2000M _______________ __________

Total harnonic
distortion per ANSI <3% <3% Idenlical
S3.22-2009
Egivlent input 17 dB SPL 17 dB SPL Identical

Battery clrrent drain 0.95 mA 0.95 mA Identcal

Processor. 16 Band, 4 Channel WORC 16 Band, 4 Chanel WORC Identical

Cmos er Frequency 0-1 25, 0.25-2.75. 1.75-775 K 0-1.25, 25-2.75, 175-7.75 kh idenical
Opbets
Compression Attack 0 25 ma 0 25 ms Identical
Time (mnamum)

CompesinRelease 8192 ms 8192 miss identicot
Timne (maximum) ________8192__________________

Peiei olme 38 dI3 range 18 d8 rne Iietical

Power Supply 1.3 V, n575 Zinc Air Batteny 1.3 V, -475 Zinc Air Batiery identicat
Headband or Softbonc (Alpha I(S)

Force Application adanVers ) Subtantially Equivalent -
Miethods or So d Ossaonteramed Magnetic Implant (Alpha See discussion below

1iM) Version)

The sponsor provides a discussion on the differences between the subject and predicate devices,
as follows:

The differences in specifications identified in the c6mparison table above between the predicate
Otomag Bone Conduction Hearing device and the Otomag Osseointegrated device as reflected in
the above SE table are the following. A detailed discussion of each device change is contained in
Section 13 - Device Description / Description of Changes.

Indications for Use: The changes in the Indications For Use statement simply add the additional
Osseointegrated Magnetic Implant version of the product to the overall statement including an
age limitation for use of the Osseointegrated Magnetic Implant configuration (Osseointegrated
Alpha 1(M)) to patients 5 years of age or older. These changes do not impart a new intended use
for the product and do not raise new questions of safety and effectiveness.

Patient Contact Materials: The Magnetic Implant (includes attachment screws) constitute new
patient contacting materials. The implant is made of    This material is a
biocompatible metal alloy not containing toxic substances. The addition of new patient contact
materials that are biocompatible does not raise new questions of safety and effectiveness.

Sterilization: The Magnetic Implant is provided clean but not sterile and intended to be sterilized
via gravity or prevacuum steam sterlization at the healthcare facility immediately prior to
implantation. The Physician's Manual contains appropriate instructions for sterilization of the
implant in accordance with the requirements of ISO 17664-1:2004: Sterilization of medical
devices - Information to be provided by the manufacturer for the processing of resterilizable
medical devices. In addition, the specified sterilization cycle is a commonly available cycle and
has been validated in accordance with ISO 17665-1:2006: Sterilization of Healthcare Products -
Moist Heat - Part I Requirements for the Development, Validation, and Routine Control of
Sterilization Process for Medical Devices. The addition of an appropriately specified and
validated sterilization cycle does not raise new questions of safety and effectiveness.

Force Application Method: The new Osseointegrated Alpha 1(M) configuration of the device
utilizes a magnetic field to apply the necessary force to the patient's mastoid in order to
appropriately conduct sound. The force generated by the magnetic field is adjustable through 4
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different strength magnetic spacers provided with the product. Validation was performed to show
that the range of forces that can be generated using the variety of magnetic spacers meets
specifications derived from national and international standards and is substantially equivalent to
the forces generated by the softband and headband versions of the device.

The approach of using a magnetic implant to attach the sound processor has been previously
employed by another family of bone conduction hearing devices. The Xomed Audiant Bone
Conductor cleared in K855059 and K861971 employs this same technology for the attachment of
the sound processor.

The sponsor concludes that the Otomag Osseointegrated Bone Conduction Hearing System is
substantially equivalent to the Oticon Medical Ponto Pro Sound Processor and the Cochlear Baha
BP100 Sound Processor.

PERFORMANCE TESTING

As a result of the application of risk analysis and the differences identified in the substantial
equivalency comparison table, the following verification and validation activities were
completed to ensure that the differences between the non-osseointegrated predicate device and
the Osseointegrated version of the Otomag Bone Conduction Hearing System do not raise new
questions of safety and effectiveness.

Risk Areas identified as a result of risk analysis included: Material Biocompatibility, Implant
Anchoring, Force Application to patient skin / mastoid, Sealing of Magnetic Implant. The
following section outlines the categories of Verification and Validation testing that were
conducted and rationale for those areas where additional testing was unnecessary as a result of
the scope of changes.

Implant Anchoring: Implant Anchoring using titanium bone screws (Liebinger 4mm facial
plating screws) were validated for this use in validation protocol  contained in Appendix
C to this overall submission.

Force Application: Validation was performed to show that the range of forces that can be
generated using the variety of magnetic spacers meets specifications derived from national and
international standards and is substantially equivalent to the forces generated by the softband and
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headband versions of the device. This validation is documented in validation protocol DG-35
contained in Appendix C to this overall submission.

Sealing of Magnetic Implant: The two halves of the titanium casing are welded together,
cleaned and 100% leak tested. Each of these processes has been appropriately validated by the
manufacturer (Eberle, EFS GmBH).

Sound Processor: The sound processor itself was not modified and therefore additional
performance testing of this part of the device was not necessary.

Vibration Transmission: The method, mechanics, and materials used to transmit vibration from
the sound processor to the patient are unchanged in the Osseointegrated Alpha 1(M)
configuration. The metal disc and magnetic spacers used in the Osseointegrated Alpha 1(M)
configuration are identical in material and vibration application method to the Fotoplast encased
magnets used in Alpha I(S) configuration of the device (headband and softband versions). As a
result, no additional performance testing related to these characteristics was required for the
Osseointegrated Alpha 1(M) configuration.

Sterilization Validation including Sterile Packaging: The sterilization process specified in the
Physician's Manual was validated in accordance with ISO 17665-1:2006: Sterilization of
Healthcare Products - Moist Heat - Part I Requirements for the Development, Validation, and
Routine Control of Sterilization Process for Medical Devices. The validation was performed by
Nelson Laboratories and the protocol and final report documenting this validation is contained in
Appendix D to this overall submission. In addition, the Physician's Manual contains the
information required by ISO 17664-1:2004: Sterilization of medical devices - Information to be
provided by the manufacturer for the processing of resterilizable medical devices.

Biocompatibility Testing: In accordance with the flowchart in FDA General Program
Memorandum #G95-1, Appendix C, the titanium material used in the implant and associated
anchoring screws is not a polymer, is a metal alloy, and does not contain toxic substances,
therefore biocompatibility requirements for the material are met. The titanium material used in
the magnetic implant is well established as biocompatible.

Software: No changes were made to either the embedded software in the sound processor or the
fitting software associated with the device; therefore no software testing is associated with this
modification to the device.

Electrical Safety Testing: The changes made to the modified version of the device have no
effect/impact on electrical safety, and therefore no additional electrical safety testing was
required.

EMC Testing: The changes made to the modified version of the device have no effect/impact on
EMC performance, and therefore no additional EMC testing was required.

Animal/Clinical Testing: Animal and Clinical studies were not deemed necessary to validate
the changes in the Osseointegrated Alpha 1(M) version of the device.
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The results of analyses, evaluation, and testing of the Otomag Bone Conduction Hearing System
demonstrate that the Osseointegrated device is substantially equivalent to the prior cleared
version of the device both in Intended Use and technological characteristics. The changes to the
device do not raise new questions of safety and effectiveness and have been appropriately
validated through the application of Otomag's and Sophono's design control programs.

The sponsor concludes that based on the non-clinical performance testing, the Osseointegrated
version of the Otomag Bone Conduction Hearing System is as safe and effective and considered
to be substantially equivalent to the previously 510(k) cleared non-Osseointegrated version of the
device (K100193).

LABELING INFORMATION

The sponsor's proposed labeling is provided on pages 59 - 104 of 192. The sponsor provides
updates to labeling in conjunction with the addition of the osseointegrated Alpha 1(M)
configuration of the Otomag Bone Conduction Hearing System. Reportedly, as a part of these
updates the original manuals have been reorganized and reformatted to better and more clearly
present the original information. No substantive changes to the original labeling pertaining to the
Alpha I(S) configuration have been made. Additional sections have been added to both the
Physician's Manual and the Patient User Manual to appropriately address the osseointegrated
Alpha 1(M) configuration. The changes are summarized as follows:

* Addition of new Warnings and Cautions related to the Alpha 1(M) Configuration
* Addition of sterilization instructions and cycle parameters relating to pre-implant

sterilization of the Magnetic Implant
* Addition of surgical implantation and explantation instructions and diagrams have been

added addressing the placement and removal of the Magnetic Implant
* Addition of instruction for attaching. the Sound Processor to the Magnetic Implant

In addition to the revised Patient User Manual and Physician's Manual, the label for the
Magnetic Implant is included in this section. The primary device label has been modified to
clearly indication which device configuration is included in the packaging, Alpha I(S) or
osseointegrated Alpha 1(M). Please refer to the submission for details.
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CONCLUSION & RECOMMENDATION

I have completed the audiology review on this submission, K102199 regarding the Otomag Bone
Conduction Hearing System. My review reveals one question, as follows:

Given this outstanding question, I recommend that this submission be placed on hold until proper
response is provided. Please feel free to indicate to me if you have any questions about this review
memo.

Reviewed by Shu-Chen Peng, Ph.D. CCC-A
Scientific Reviewer in Audiology
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510 (k) REVIEW (K102199)

Date: 09-07-10

To: Vasant Dasika, PhD
Engineering Reviewer, ENTB/DONED/ODE

From: Anjum Khan, M.D., MPH
Medical Officer, ENTB/DONED/ODE

Cc: Srinivas Nandkumar, M.D., Ph.D.
Branch Chief, ENTB/DONED/ODE

Subject: Modification to Otomag Bone Conduction Hearing System

Purpose:

Sophono Inc. submits a Traditional 510(k) for modifications made to a previously cleared device.
The modification described adds a new configuration into the Otomag Bone Conduction Hearing
System family. The new configuration (Alpha 1(M)) uses an implantable magnet as a fixation
system for the sound processor instead of a headband or softband as was used in the prior version
of the device cleared under K100193 - Otomag Bone Conduction Hearing System - May 18,
2010.

Classification: Class II

Product Code: LXB

Indications for Use:

The Otomag Alpha I Sound Processor is intended for use with the Otomag Headband or
Otomag Softband (no age limitations), or with the Otomag Osseointegrated Magnetic
Implant (patients 5 years of age and up) for the following patients and indications:

* Patients with conductive or mixed hearing losses, who can still benefit from
amplification of sound. The pure tone average (PTA) bone conduction (BC) threshold for
the indicated ear should be better than 45 dB HL (measured at 0.5, 1, 2, and 3 kHz).

* Bilateral fitting is applicable for most patients having a symmetrically conductive or
mixed hearing loss. The difference between the left and right sides' BC thresholds should
be less than 10dB on average measured at 0.5, 1, 2, and 4 kHz, or less than 15 dB at
individual frequencies.
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* Patients who have a profound sensorineural hearing loss in one ear and normal hearing
in the opposite ear, who for some reason will not or cannot use an AC CROS. The pure
tone average (PTA) air conduction (AC) threshold of the hearing ear should be better
than 20 dB HL (measured at 0.5, 1, 2 and 3 kHz).

Predicate Device:

Otomag Bone Conduction Hearing System, Unmodified Version (Kl00193)

Device Description / Description of Changes (Section 13, Page 38/192):

General Introduction (1.1)

The new osseointegrated configuration (Alpha 1(M)) uses an implantable magnet encased
in titanium as a retention system for the sound processor instead of a headband or
softband as was used in the prior version of the device cleared under K 100193.
Per sponsor the addition of the Alpha 1(M) configuration of the product requires no
change in intended use of the device, but does require the following:

a) Minor wording changes to the Indications for Use statement.
b) New configuration introduces new material, performance and design

specifications to the product
c) New configuration requires revisions to product labeling.

* No changes to software or to the sound processor are being made as a part of
introducing this additional configuration.

Device Introduction (Section 2):

The Otomag Bone Conduction Hearing System is a family of sound processors and
accessories that operate on the principle of bone conduction of sound vibrations. The
Otomag System consists of two distinct configurations; Alpha I (S) and the
osseointegrated Alpha I (M). This 510(k) is being submitted to add the Alpha 1 (M)
configuration to the existing product family.

In the Otomag Alpha 1 (S), the Otomag Sound Processor is attached magnetically to a
headband or softband. The headband or softband holds the sound processor against the
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head and vibration is transduced through direct contact with the patient's skin and the
bone below.

In the modified Otomag Alpha 1 (M), the Otomag Sound Processor is attached
magnetically to an implanted magnet assembly. The magnetic field holds the sound
processor against the head and vibration is transduced through direct contact with the
patient's skin and the bone below. Vibration is not primarily transmitted through the
magnetic implant.

Figure 1: Alpha 1(S) Configuration I Headband, Softband, and Sound Processor

Figure 2: Alpha 1 Sound Processor wl Metal Disc for Magnetic Attachment to Headband I Softband
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Description of the Osseointegrated Alpha 1 (M) Configuration (Addition to Product
Family), Section 5.3, Page 41 of 192:

In the Alpha 1(M) configuration, the Alpha I Sound Processor is used with an Otomag
Osseointegrated Magnetic Implant (similar to cochlear implant magnets) and a plastic
magnetic spacer. The plastic magnetic spacers are equipped with magnets encapsulated
by Fotoplast (plastic) materials. Figure 3 below shows the details of the configuration

1lh external
adoprocessor

Screws

Magnetic Spacer

M netic Implant

Figure 3: Alpha 1 (M) Magnetic Implant System

For this configuration, the same metal disc used in the Alpha I(S) configuration is used to
attach the sound processor to plastic magnetic spacer. The magnets within the plastic
magnetic spacer are then additionally used to secure the external assembly (sound
processor and spacer) to the magnetic implant across the patient's skin.

To ensure that appropriate pressure is applied between the sound processor and the
patient's skin / bone, various strengths of magnetic spacers are available 

The magnetic implant is screwed to the skull with Stryker self-tapping titanium facial
plating screws. The implant consists of two magnets (similar to cochlear implant
magnets) hermetically sealed in a titanium case that are recessed into bone beds at the
surgical implant site.

Reviewer's Comments: In the new configuration ofAlpha 1(M) Magnetic Implant
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Description of the Otomag Alpha 1 Sound Processor (Section 5.4, Page 41 of 192):

A key component of the Otomag System is the Alpha I Sound Processor, which is similar
to a behind the ear air conduction hearing with a traditional bone conduction vibrator.
The Alpha I Sound Processor utilizes proprietary software. The Alpha 1 Sound Processor
is available for left or right sides with or without an external microphone, and with or
without an FM jack.

The Alpha 1 Sound Processor consists of an internal electronic transducer, a battery,
volume and programming controls, and an internal or external microphone (Figure 4)
within a plastic housing. The microphone opening is situated in the bottom of the housing
and the vibrator in the upper part of the housing. The volume control with integrated
switch and the battery compartment are accessible to the patient on the housing. The
programming socket is situated beneath a cover. The programming socket is used for
initial programming of the hearing device, as well as when adjustments are needed. No
part of the sound processor has the user contact.

Internal
Transducer

Electronics &
Battery

Programming
Button

VoueControl

Figure 4: Alpha 1 Sound Processor

Sound Processor Circuit Description (Section 5.4.3., Pape 42 of 192):
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Gravity 2 Software Description (Section 5.4.4., Page 42 of 192):

Osseointegrated Magnetic Implant (Section 5.5, Page 44 of 192):

The implant consists of two  magnets hermetically sealed in
titanium housing as shown in Figure 5. The implant is manufactured for Otomag by

. Validation documentation associated with the implant's
performance as a retention mechanism for the sound processor can be seen in Appendix
C to the overall submission. Biocompatibility information, including material
specifications for the implant can be found in Appendix B to the overall submission.
Each implant is welded, cleaned, and 

.

The magnetic implant is placed in 3 mm deep bone beds as shown in Figure 6 and Figure
7. The implant is secured using 4 mm titanium facial plating screws.
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Figure 5: Magnetic Implant

Figure 6: Bone Beds

Reviewer's Comments: The implant consists of two magnets with 5 titanium anchoring
screws, with one screw between the two magnets. Sponsor has not described the
advantages of this design and its contact to the spacer as well as the processor.

The magnetic implant is supplied to the physician clean but non-sterile, in sealed
packaging to prevent contamination. The device is intended to be steam sterilized at the
healthcare facility prior to implantation.

7 113
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Figure?: Implant Secured into Bone Beds

Magnetic Spacer (Section 5.6, Page 45 of 192):

The spacer consists of a nickel plated neodymium iron boron magnet encapsulated in
100% Fotoplast S 10,

 Both plastic materials are those
commonly used for the production of custom ear molds. Complete material specifications
can be found in Appendix B to the overall submission. Four magnetic strengths of the
spacer are available to accommodate for variations in skin thicknesses and holding
requirements to obtain approximately   of holding force.
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Figure 8: Magnetic Spacer

Figure 9: Sound Processor Attached to Magnetic Spacer

Patient-Contacting Components and Materials (Section 6, Page 45 of 192):

The components of the Otomag System that are patient contacting are the Fotoplast
components on the headband / softband, the Fotoplast Magnetic Spacer, and the titanium
magnetic implant. All materials used in the Alpha 1 device are materials commonly used
in medical devices in the same applications (external tissue contact, implant).
Biocompatibility information for these materials is contained in Section 17 and Appendix
B of the overall submission. Each Magnetic Implant is cleaned to remove any
manufacturing process contaminants.

Fotoplast-Lac and Fotoplast S 10 (Section 6.2, Page 46 of 192):

The Fotoplast S 10 is the material that directly encapsulates the magnets in the softband
and headband. The Fotoplast-Lacquer 3 is 

direct skin contact with healthy skin behind the ear, at the site of bone conduction. Both
materials have been found biocompatible for their intended use. These materials are
commonly used to fabricate hearing aid ear molds and thus have years of use in the ear
canal without biocompatibility problems.
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Titanium (Section 6.3, Page 46 of 192):

The titanium material (Appendix C) used in the implant and associated anchoring screws
is not a polymer, is a metal alloy, and does not contain toxic substances, therefore
biocompatibility requirements for the material are met. The titanium material used in the
magnetic implant is well established as biocompatible and is used in many medical
implant applications.

The bone screws used to anchor the magnetic implant are also titanium. These screws are
manufactured by Stryker Leibinger and are a legally marketed device which was cleared
under K970912 for use as self threading bone screw.

Kit Configurations (Section 7):

The Otomag System will be available in two kit configurations (e.g., Alpha 1 (S) with
appropriate means of attachment, Alpha I (M) with appropriate magnetic spacers) or the
components may be ordered separately. Each kit or component will be labeled
appropriately and will include the Patient User Manual and / or the Physician Instructions
for Use as appropriate.

Each Alpha 1 Sound Processor will be available in right or left sided versions, with either
an internal or external microphone, and with or without an FM jack. Alpha I Sound
Processor configurations are show in Table 3.

Table 3
Sound Processor Configurations
Right sided Internal Microphone With FM Jack

External Microphone

Left sided Internal Microphone
External Microphone

Right sided Internal Microphone Without FM Jack
External Microphone

Left sided Internal Microphone
External Microphone

An example of a component that is likely to be sold separately is an Alpha I (S) Sound
Processor. Because it will not be known if the patient prefers a softband or headband, the
Alpha 1 (S) will likely be shipped separately from the softband or headband.

Sophono, Inc. will also distribute to qualified hearing healthcare providers the Otomag
Gravity 2 Fitting Software
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9. Description of Changes
9.1 The following section contains a summarized description of the changes to the device that include Indications for Use,

additional hardware, and labeling. It should be noted that the changes described below do not constitute a change in
intended use of the device, or the fundamental scientific principles of the device.

Change Affected Description of Change Impact of Change on Additional Required
Number Area Risk Analysis Mitigation

C1 Indications for Minor wording change in the indications for Use None: Changes in indications None
Use statement to add the term *. or magnetic implanr for Use statement are minor

to the end of the srest paragraph. The new and do not result in a new
paragraph now reads: 'The Otomag Alpha 1 intended Use for the device.
Sound Processor is intended for use with the Specfic impacts of design
Otomag headband, Otomag Softband ito age changes associated with this
limitations), or with the Otomag Osseointegrated Indications for Use change are
Magnetic implant (patients 5 years of age and uo) analyzed in each additional
for the following patients and indications: .. line item in this table,
in addition, the following oaragraph was removed
because it was redundant with the first paragraph:
'The Otomag Alpha 1 IS) Sound Processor is
intendec to be connected to the Otomag
Headiand of Softband.

Change Affected Description of Change Impact of Change on Additional Required
Number Area Risk Analysis Mitigation

C2 Force Addition of the magnetic spacer in 4 strengths, to None: Oonag Softtand,
Application be used in conjunction with the magnetic implant, * Patient Contact materials Headband, and Magnetic

Method to mimic the pressure applied by the sottband or for this component are Implant Static Force
headband. Soacers are chosen by me fting identical to the prior version Verifcation I Validation
physician, based on tissue thickness, to ensure of the device Psotoco, DG-35: Va faston
an app ication force ofbeween Approximately 2.5 * The switch from pressure showed magnetic attachment
and 5.4 N. app itoch via te mechanism va magnetic
Materia of the magnetic spacer is ident cal to the headband or softuand to an impant is eouhialant to
skin contact mateials present in fte headband attractive magnetic field headband I softband versions
and the sethand (Fotoplast Lacquer 3) does not impact risk of the ceace.
Pan of the unction of the magnetic spacer is assessment as long as
identical to me prior version of the device which forces are equivalent
utlized a magnetic fie d to hold the sound
processor to the headband or solband
in addition to holding the Sound Processor, the
magnetic spacer additional y holds the Sound
Processor assembly (Sound Processor and
magnetic spacer) to the patient's skin through the
creation of an attractive magnetic freid.

Change Affected Description of Change Impact of Change on Additional Required
Number Area Risk Analysis Mitigation

C3 Force Addition of the magnetic implant. to be used in The addition of the unolntea * See Aopedi B for
Application conjunction with the magnetic spacer, to mimic magnet raises the following Biocompatibility

Method / Patient the pressure applied by the sohband or new risks not present in the information for the
Contact headIband pnor version of the device magnetic implant
Materials Patient contact matenial of the magnetic implant is * Biocomoatibilty related the * Otomag Softaand,

Titanium. Magnets are hermetically sea sed within implant Headband, and Magnetic
the titanium case. The magnet is of sinior As discussed immediately implant Static Force
design one the same construction methods as is above, the switch fron Verification I Validoton
used in currently available cochlear molarts. pressure application via the Protocol. DG-35.
Screws used to anchor the implant in the bone headband of softband to an Validation showed
beds are included with the device and are 4 mm attractive magnetic field oes magnetic attacnment
titanium bone screws manufactured by Stryker not imoact risk assessment as mechanism via magnetic
Leibinger and cleared under K9701t. long as forces are equivalent implant is equiva en to

headband I softband
versions of the device.

SOtorog Magnetic Implant
Screw Retention Force
Validation Protocol, 0G-
38: Showed the retention
force of the c retention
screws far exceeds the
forces applied to the
implant during operation.
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Change Affected Description of Change Impact of Change on Additional Required
Number Area Risk Analysis Mitigation

C4 Labeling Pnmary Device Labeling has deen modied to lone: Addetonal instrucoi None
include clear identtficanon of which configuration are intended to ensure safe,
of the device , included (Alpha I(Sl or elecive use of the device.
Onseonegrated Alpha IM) New Warnings and Cautons
Physiciat's Manual has been revised to incude are included as A result of
imlant and eplant instructions, magnetic spacer detailed risk analysis. The
f.ttng instructions, antudlonal Warnings I labeting changes themselves
Cautons related to the magnetic imulant. only serve to lower overall nsk
Users Manua has been revised to include associated with te device
ad tronal user instructions for placement of the
Sound Processor with the magnetic implant, and
additional Warnings I Cautions related to the
magnetIc Imp'ant
A label has been developed for the magnetic
implant packaging to conecty identity this porton
of the device,

3. SUBSTANTIAL EQUIVALENCE COMPARISON TABLE

31. The following table summarizes and compares data on the Otomag Bone Conduction Hearing System cleared in K100193 (predicate
device) to the osseointegrated device that is the subject of this 510(k) submission.

Specification I Original Oomat Bone Conduction Otoa Bone Conduction Heasing ComparisonChrctrstc Hearing System K1 00193 (predicate Sse
Chrctrstc device) system ______________

Classification 874.3300 874.3300 Identical

Class Class I1 Class 11 Identical

Product Code LXB .XB Identical

Improvement of hearing for patients wih Improvement of hearing for patients with
Intended Use conductive and mixed hearing losses, conductive and mixed hearing losses, Identical

bilateral fiting, and single-sided deafness bilateral fitting, and single-sided deafness
Th r ong Attta 1 Sowe *cceso scarcedfa usewwe Tw OrrriagApha 1 Soat

t
rternas rrthsar

freC~sng HeatrndcI o-rag Solare age~ rstoos z"e naq *latxrd or : Saibr ao e Imealica

frthe bicwng padertand~crr acrt t:e> C':may Onewoegd I.'agnei pari:(catne

-met WIO:duc'v 0* n-ed heaq bses, he ca yer o' aadupito to tdo6 ,iqmet r~ Midealtr
sellbranli,-, armilitatlotofw-rdThesre. - aen tu..al ~ihc nutre rmlci eariryles . ito an

arrslbr. :rmucaiC,r-wshld fthe schrc4n4fitonarpcl~aw olecune Tra pia ttle
rted tngea istc cothri 4 cB -Q isasted a~ mrge iPTA) bce ccrotac 15Cleshirn ib-e
U.S. r. 2.ar 3raiLne-le 0* shou4O be beerrareaS ds Iinassn: at

S ia n~rigisvp aiermatpetang C.. 'c t'tt
Indcotonsforuse sirrwrarmly:crescoacrenodvrer sss n, . aimit- nesmpiersetrrsptar-sh a Substantially Equrvaent

sndicalonssforaUse co fen-nra w o assn Yt.,I: :ilbonnedrfvs.isad vsoeI - See discussion below
anos 4 H:. cr lessrir :foe 2: rdiarduy taecs sh,4d5bekWsw tO 'onanr~a. nsrowm aC.S. 1,
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icreaneageiPTAt artoerc LAC -es-ch ofre scoreasoW air a erct use atAC-CRO. Tma cr.e
hbu rearsed be new. thas 20 5 -L (reastre a -anrw avr-age IPTA) a'rnc*ua iAepirehdcet w
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Specification I OriginalS n Otoma Bone Cnuto oi Conduction Hearing Comparison
Characteristic Heaice) SystemK109(peite S

A sound processor transmis sound A soutnd processor transmits sound
vibrations that are conducted through the vibrations that are conducted througjh the

Design patients bone rathser than via the nsddle patients bone rather than via the middle ear Identical
ear - a process known as direct bone - a process known as direct bone
conduction, conduction.
Sound Processor consists of an internal Sound Processor consists of an internal
electronic transducer, a battery, volunme electronic transducer, a battery, volume

Sound Processor and progranmming controls, and an intemnal and progranmming controls, and an internal Identical
or external microphone within a plastic or external microphone within a plastic
housing, housing.

Power Supply Zinc-air battery Zinc-air battery Identical
Sound Processing Digital Dgital Identical

Individual adjustment to patient audiogram Individual adjustment to patient audiogram
Patient Fitting and needs by a computer based fitting and needs by a computer based fitting Identical

Indi s system used by th audiologist system used by the audiologist
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Frequency 125- 8kHz 125 - 8kHz Identical
Processing Range

SP)Gain (60dB 38 dB 38dB Identical

Acousto-Mechanical
Gain at 60 dB SPL 29 dB 29 dB Identical
and 1600 Hz
Materal of sound Stainless Steel Disc Stainless Steel Disc Identical
processor coupling
Accessories/Options Direct audio input via FM jack Direct audio input via FM jack Identical
Patient Contact
Materials for Fotoplast-Lac See discussion belowBioconipatiblity Fotplast-Lac Titanium Grade 4 and 5 (Magnetic Implant)
Purposes

Specification Original Olo m Bone Conduction Otomaq Bone Conduction Hearing Comparison
Characteristic Hearing System 100193 (predIce System

________________ device) __________________

Sterilization No sterile components Steam sterilization of surgical implant See discussion below
Manufacturer Otomag GmBH Otomag GmBH Identical
Peak Output at 90 115 dB 115 dB Identicald16 SR.
Frequency range per 280-5000 Hz 280-5000 Hz IdenticalANSI S3,22-2009
Total harmonic
distortion per ANSI '3% <3% Identical
S3.22-2009
Equivalent input 17 dB SPL 17 dB SPL Identicalnoise.
Battery current drain 0.95 mA 0.95 mA Identical
Processor: 16 Band, 4 Channel WORC 16 Band, 4 Channel HDRC Identical
Crossover 0- 1.25, 0.25-2.75, 175-7.75 kHz 0-1.25, 0.25-2.75, 1.75-7.75 kHz IdenticalFrequency Options
Compression Attack 0.25 ms 0.25 ms Identical
Time (minimum)
Compression
Release Time 8192 ms 8192 ms Identical
(maximum)
Patient Volume 38 dB range 38 dB range IdenticalControl XN~heet
Power Supply 1.3 V. #675 Zinc Air Battery 1.3V. #675 Zinc Air Battery Identical

Headband or Softband (Alpha 1(S)
Force Application Headband or Sofvband ersion) Substantially Equivalent
Methods Osseointegrated Magnetic Implant (AJpha - See discussion below

1 (M) Version)

Discussion of Differences (Section 4, Page 57 of 192):

Indications for Use:

Per sponsor the changes in the Indications for Use statement simply add the additional
Magnetic Implant version of the product to the overall statement including an age
limitation for use of the Osseointegrated Magnetic Implant configuration (Alpha 1(M)) to
patients 5 years of age or older. These changes do not impart a new intended use for the
product and do not raise new questions of safety and effectiveness.

Patient Contact Materials:

The Magnetic Implant contains new patient contacting materials.
The implant is made of Titanium Grades 4 and 5. The titanium material used in the
implant and associated anchoring screws is not a polymer, is a metal alloy, and does not
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contain toxic substances, therefore biocompatibility requirements for the material are
met. The titanium material used in the magnetic implant is well established as
biocompatible. Per sponsor the addition of new patient contact materials that are
biocompatible does not raise new questions of safety and effectiveness.

Sterilization:

The Magnetic Implant is provided clean but not sterile and intended to be sterilized via
gravity or pre-vacuum steam sterilization at the healthcare facility immediately prior to
implantation. Per sponsor, the addition of an appropriately specified and validated
sterilization cycle does not raise new questions of safety and effectiveness.

Force Application Method:

The new osseointegrated Alpha 1(M) configuration of the device utilizes a magnetic field
to apply the necessary force to the patient's mastoid in order to appropriately conduct
sound. The force generated by the magnetic field is adjustable through 4 different
strength magnetic spacers provided with the product. Validation was performed to show
that the range of forces that can be generated using the variety of magnetic spacers meets
specifications derived from national and international standards and is substantially
equivalent to the forces generated by the softband and headband versions of the device.

The approach of using a magnetic implant to attach the sound processor has been
previously employed by another family of bone conduction hearing devices. The Xomed
Audiant Bone Conductor cleared in K855059 and K861971 employs this same
technology for the attachment of the sound processor.

Labeling (Section 15, Page 59):

Additional sections have been added to both the Physician's Manual and the Patient User
Manual to appropriately address the osseointegrated Alpha 1(M) configuration. The
changes are summarized as follows:

1.1.1. Addition of new Warnings and Cautions related to the Alpha 1(M) Configuration
1.1.2. Addition of sterilization instructions and cycle parameters relating to pre-implant
sterilization of the Magnetic Implant
1.1.3. Addition of surgical implantation and explantation instructions and diagrams have
been added addressing the placement and removal of the Magnetic Implant
1.1.4. Addition of instruction for attaching the Sound Processor to the Magnetic Implant
1.2. In addition to the revised Patient User Manual and Physician's Manual, the label for
the Magnetic Implant is included in this section.
1.3. The primary device label has been modified to clearly indication which device
configuration is included in the packaging, Alpha I(S) or osseointegrated Alpha 1(M)
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Alpha I (S) & Osseointegrated Alpha I (M)
Bone Conduction Hearing Systems

Warnings
* Thoroughly read the Physician Manual and the Patient Manual before

prescribing the Otomag System.
* To avoid potential performance and I or safety issues, adhere

carefully to patient selection critena
* A blow to the head in the area of the Otomag Alpha 1 Sound

Processor may result in damage to the device or device failure.
Warning * When using the Otomag Alpha 1 (S) Softband. make sure that a

finger can be placed between the skull and Softband to ensure that
the Softband is not too tight.

* Do not perform MRI on a patient wearing an Otomag Alpha 1 Sound
Processor, Magnetic Implant. Headband. or Softband.

* Carefully consider the potential patient's medical history to rule out
allergies and other reactions to device materials prior to prescribing
the Otomag System.

* The Alpha 1 (M) Magnetic Implant is provide non-stenle and must be
sterlized prior to implantation according to the provided instructions.
Failure to stenlize appropriate can result in serious infection.

15 721

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Otomag Bone Conduction Hearing System
K102199
Sophono, Inc.

Precautions
* The Alpha 1 Sound Processor, Magnetic Implant, Headband, and

Softband are intended for single-patient use only. Do not use any of
these products if they have previously been placed in or with another
patient.

* Keep Otomag System components away from magnetic data storage
media and electronic devices. The Alpha 1 Sound Processor,
Magnetic Implant. Headband, and Softband all contain magnets that

Caution can potentially damage magnetic data storage media and electronic
devices.

* To avoid damage to the device, do not subject the Alpha I Sound
Processor to temperatures below -4'F (-200C) or above 1220F (+5000)

*! at any time.
* To avoid potential of damage to the device, do not store the Otomag

System near magnets or magnetic devices other than the magnetic
spacer and implant.

* Prior to use, inspect packaging to verify that it is intact and has not
been damaged. If the packaging is damaged, do not use the device
and return it to Sophono, Inc. Please see the address and phone
number for Sophono, Inc. at the end of this Physician Manual.

Contraindications
Contraindications for the Otomag Alpha I Sound Processor connected to the
Otomag Headband, Softband, or Magnetic Implant are as follows:
Any factor that would cause a clinician to refer the patient for medical assessment will
temporarily, or in some cases permanently, halt the process of hearing aid fitting. These
factors include:

* A hearing loss of sudden onset;
* A rapidly progressing hearing loss;
* Pain in either ear;
* Tinnitus of sudden recent onset, or unilateral tinnitus;
* Unilateral or markedly asymmetrical hearing loss of unknown origin;
* Vertigo (e.g. dizziness)

Possible Adverse Effects

General

It is possible that a reaction to the materials of the Headband, Softband, or
Magnetic Implant could occur. Such a circumstance may necessitate that use of the
device be discontinued. If a reaction to the Headband or Softband occurs, Sophono will
supply appropriate instructions so that the device can be sent to the laboratory for
analysis.
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Risks that may occur during surgery:

The risks involved in surgery and complications related to surgery include the normal
risks of the operative procedure and general anesthesia. These include pain, blood clots,
and/or circulatory problems, infection, cardiac arrest, post-cholesteatoma, and even death.
Specific risks related to operating on the mastoid include infection, inflammation,
numbness or stiffness about the ear, disturbance of taste or balance and noticeable
changes in head noise.

Reviewer's Comments: Under the section of Risks that may occur during surgery,
sponsor states that "These include pain, blood clots, and/or circulatory problems,
infection, cardiac arrest, post-cholesteatoma, and even death. Specific risks related to
operating on the mastoid include infection, inflammation, numbness or stiffness about
the ear, disturbance of taste or balance and noticeable changes in head noise. "
However, sponsor needs to clarify how they expect the risk of "post cholesteatoma" and
"Disturbance of taste and balance" to occur in the procedure they are planning with
the implantation of the magnets without transgressing the middle ear.
In addition, sponsor's list of risks that may occur during surgery does not include some
critical risks of dural exposure, CSF leak, perforation of sigmoid sinus, and subdural
hematoma. Sponsor should be asked to include those.

Warning
* To avoid potential performance and I or safety issues, adhere

carefully to patient selection criteriaA. Carefully consider the potential patient's medical history to
rule out allergies and other reactions to device materials prior
to prescribing the Otomag System.

Risks that may occur after surgery:

Potential risks after surgery include inflammation and complications associated with
general anesthesia. Potential risks related to the implant following surgery include
infection, reparative granuloma and inflammatory reaction. It is possible that a reaction to
the implant materials and or failure of the implanted device can occur and may
necessitate an operation to remove and/or replace the implant.

Reviewer's Comments: Sponsor does not include the possibility of risks of implant
extrusion and skin necrosis.
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Warning
* A blow to the head in the area of the Otomag Alpha 1 Sound

Processor may result in damage to the device or device
failure.

* When using the Otomag Alpha I (S) Softband, make sure that
a finger can be placed between the skull and Softband to
ensure that the Softband is not too tight.

* Do not perform MRI on a patient wearing an Otomag Alpha 1
Sound Processor.. Magnetic Implant. Headband, or Softband.

Pre-Surgical Training Requirements

Before attempting to implant the Otomag Implant, surgeons are required to complete
training provided by Sophono, Inc. During the training they will receive guidance
regarding the procedure, a thorough understanding of the device and surgical procedure
and other important information.

Surgical Risks

The implantation of the Otomag Implant requires a surgical procedure involving the
removal of tissue and bone. As with any surgical procedure involving a general
anesthetic, certain risks exist. Those risks include the risk of infection from poor hygiene
or non-sterile technique, irritation of tissues during the implantation procedure,
unintended cuts and abrasions, and irritation of tissues due to unintended exposure to
implant materials. The implant is made of materials considered to be hypo-allergenic but
in the case of unintended damage to the device, a patient could come in contact with
substances that could generate an adverse reaction,

Surgical Implantation Steps

Step 1 - Making The Incision

The proper position for the implant is 6 cm from the ear canal at a 45-degree angle
posterior and superior to the ear canal. The incision should be made 7.5 to 8 cm from the
external ear canal (1.5 to 2 cm from the location of the implant so the incision is not
directly over the implant). After making the incision, expose the skull where the implant
will be placed. The incision must be large enough to allow placement of the implant. See
Figure 1.
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Figure 1: Incision Location

Step 2 - Create a bone bed (optional)
The implant is approximately 2.6 mm thick and optimal tissue thickness over the implant
is 4mm to 5 mm. Bone beds are recommended for the implant if the tissue thickness over
the implant is less than 3 mm. To create a bone bed, mark the position of the implant
magnets on the bone and drill the bone bed to a depth of approximately 3 mm. The
implant magnets have a diameter of 10 mm.

Figure 2: Bone Beds

Step 3 - Implant Placement
Place the implant with the magnets in the bone beds (if created) or with the magnets face
up such that the bracket legs are flush to the skull. Place one screw in each of the bracket
holes to securely attach the implant to the skull.

19
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Figure 3: Implant Installation Diagram

Step 4 - Tissue Thinning and Closing the Incision
If the tissue flap is thicker than 6 mm, thin down a 10 mm wide strip of tissue to 5 mm
directly over the implant magnets. Suture the incision closed.

Implant Surgical Removal Steps

Step 1 - Making the Incision

The implant is 6 cm from the ear canal at a 45-degree angle posterior and superior to the
ear canal. The incision should be made 7.5 to 8 cm from the external ear canal (1.5 to 2
cm from the location of the implant so the incision is not directly over the implant). After
making the incision, expose the skull where the implant has been placed. The incision
must be large enough to allow removal of the implant. See Figure I above.

Step 2 - Implant Removal

Remove each of the 5 screws holding the magnetic implant in place. It may be necessary
to excise bone or tissue growth occurring over the face of the implant. Once the screws
are removed the implant can be lifted carefully from the bone or bone beds. Suture
incision closed.

Instructions for Placement / Sizing of the Magnetic
Spacers

Magnetic Spacer Selection

As with the Headband and Softband, application of appropriate pressure to the mastoid
by the Sound Processor is essential for proper functioning of the system. The Alpha I
(M) configuration is supplied with three strengths of magnetic spacers to allow the fitting
physician to adjust the force applied to the mastoid. Choose a magnetic spacer to achieve
appropriate sound transmission without being uncomfortable to the patient. The spacers
are labeled XX, YY, ZZ to indicate increasing magnetic strength. The patient should be
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instructed to select a lower strength spacer if the pressure on the skin is uncomfortable of
if numbness occurs.

Section 22: Performance Testing-Clinical Data

Not applicable: Clinical data is not included as part of this submission.

Reviewers Comments: Because of the new configuration, it is advisable that clinical
performance data be provided. However, I defer to Dr. Peng regarding this issue.

Conclusion/ Recommendations:

Substantial Equivalence for Otomag Alpha I (M) Sound Processor with the Otomag
Osseointegrated Magnetic Implant cannot be determined until the following issues are
resolved:

Deficiency #1:

Deficiency #2:

Deficiency #3:
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Deficiency #4:

Comments for the Team Lead:

1. The implant consists of two magnets with 5 titanium anchoring screws, with one screw
between the two magnets. Sponsor has not described the advantages of this design and its
contact to the spacer as well as the processor. Please try to identify the advantages of
such a design.

2. No Clinical performance data has been submitted for review. Because of the new
configuration, I think it is advisable that clinical performance data be provided. However,
I defer to Dr. Peng's opinion regarding this issue.

Anjum Khan, M.D., MPH
Medical Officer, ENTB/DONED/ODE
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STERIL - K102199 Sophono Otomag Bone Conduction System Alpha 1(M)

DEPARTMENT OF HEALTH & HUMAN SERVICES

Food and Drug Administration
ODE / DONED / ENTB
W066 Rm 2574
10903 New Hampshire Avenue
Silver Spring, MD 20993-0002

TO: Vasant Dasika, PhD - team leader

FROM: Susan Rudy, MSN, CRNP, CORLN, OCN@ 4 /qoi
Nurse Consultant and Family Nurse Practitioner, ENTB

DATE: 9/14/2010

RE: K102199 Sophono Otomag Bone Conduction System Alpha 1(M)
Sterility review for Traditional 510(k)

RECOMMENDATION: Additional Information is needed (TH)

Purpose / History:
The sponsor submits a traditional 510(k) for a modification to an existing cleared device. The
modification is to the cleared indications for use statement, introduces new design specifications,
new materials and revisions to product labeling. They claim that the scientific technology is
unchanged for the device.

Regulatory:

Product Code LXB

Regulation: 21 CFR 874.3300
Class II
Sophono is a small business in Boulder, CO.

Indications for Use (PDF p.13)

The Otomag Alpha I Sound Processor is intended for use with the Otomag Headband or
Otomag Softband (no age limitations), or with the Otomag Osseointegrated Magnetic Implant
(patients 5 years of age and up) for the following patients and indications:

* Patients with conductive or mixed hearing losses, who can still benefit from amplification
of sound. The pure tone average (PTA) bone conduction (BC) threshold for the
indicated ear should be better than 45 dB HL (measured at 0.5, 1, 2, and 3 kHz).

* Bilateral fitting is applicable for most patients having a symmetrically conductive or
mixed hearing loss. The difference between the left and right sides' BC thresholds
should be less than 10dB on average measured at 0.5, 1, 2, and 4 kHz, or less than 15
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dB at individual frequencies.
* Patients who have a profound sensorineural hearing loss in one ear and normal hearing
in the opposite ear, who for some reason will not or cannot use an AC CROS. The pure
tone average (PTA) air conduction (AC) threshold of the hearing ear should be better
than 20 dB HL (measured at 0.5, 1, 2 and 3 kHz).

The device is by prescription only.

Device Description

The model Alphal(S) was cleared in K100193 using a softband or a headband for the magnetic fixation of
the sound processor. The Sponsor now applies for the model Alpha 1(M) using an implantable
osseointegrated magnet assembly as the fixation system for the sound processor.

The implant is 2.6mm thick and 10mm diameter/

Summary of System Components

Device component Materials Spaulding Reprocessing Notes
Classification instructions

Magnetic implant Sumarium cobalt Critical No cleaning No pre-vacuum
sealed in titanium Steam sterilize validation.
casing with gravity or No drying

prevacuum cycle in validation.
a pouch. Incomplete

description of
packaging

Titanium bone Third party Critical No instruction for Incomplete
fixation screws component. sterilizing. description of

compatible screws
Magnetic spacer in Not described. ?Noncritical - Clean with Clorox Spacer is
3 sizes XX, YY, or patient contacting? type disinfectant incompletely
ZZ Although may wipe characterized

contact non-intact
skin

(shown with sound
processor)

Sound Processor Wipe with a soft
(Previously cloth or Clean with
reviewed by the Clorox type

7 3
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Device component Materials Spaulding Reprocessing Notes
Classification instructions

same team with a disinfectant wipe
disk) Clean battery

compartment with
dry Q-tip or Q-tip
moistened with
Clorox type
disinfectant wipe.
Use dry aid kit for
excessive moisture
exposure.

Storage case Clean with a clorox
(Previously type disinfectant
reviewed by the wipe
same team)
Head band Clean with a clorox
(previously type disinfectant
reviewed by the wipe
same team
Soft band Submerge and
(previously hand wash using
reviewed by the mild clothes
same team) washing detergent

with or without a
small amount of
color safe bleach,
and air dry or clean
with a Clorox type
disinfectant wipe.

Device Operation
The headband, softband, or magnetic implant holds the sound processor against the head, and vibration is
transduced through direct contact with the patient's skin and the bone below.

The implant is placed in a surgical procedure under a general anesthetic.

73'
Page 3 of 19

(b)(4) 

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



STERIL - K102199 Sophono Otomag Bone Conduction System Alpha 1(M)

Figure 1 : Incision Location
Optional bone beds are created in the skull in which the magnets sit.

The implants then sit in the bone beds and are attached to the skull using titanium screws.

Figure 3: bwlul istallation Deagrain Liebinger 4mm facial plating screws (titanium bone screws)
for implant anchoring were validated.

Directions for explanting the magnets are also given, which are basically the reverse of implanting.
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Instructions for Placement / Sizing of the Magnetic
Spacers
Magnetic Spacer Selection
As with the Headband and Softband, application of appropriate pressure to the
mastoid by the Sound Processor is essential for proper functioning of the
system. The Alpha 1 (M) configuration is supplied with three strengths of
magnetic spacers to allow the fitting physician to adjust the force applied to the
mastoid. Choose a magnetic spacer to achieve appropriate sound transmission
without being uncomfortable to the patient: The spacers are labeled XX, YY, ZZ
to indicate increasing magnetic strength. The patient should be instructed to
select a lower strength spacer if the pressure on the skin is uncomfortable of if
numbness occurs.

Reviewer comment: This implant appears to be surgically placed in a hair bearing area. The Sponsor
should recommend a method of hair removal that will minimize the chance of surgical site infection, or
should at least refer readers to the published guideline on the subject. Since there have been a number of
published studies since the guideline, I would prefer to see a literature-based response. See deficiency.

b. Ireoperative hair removal
Preoperative shaving of the surgical site the night

before an operation is associated with a significantly high-
er SSI risk than either the use of depilatory agents or no
hair removal.".100 .t1 "9 In one study, SSI rates were 5.6% in
patients who had hair removed by razor shave compared to
a 0.6% rate among those who had hair removed by depila-
tory or who had no hair removed.'6 The increased SSI risk
associated with shaving has been attributed to microscopic
cuts in the skin that later serve as foci for bacterial multi-

plication. Shaving immediately before the operation com-
pared to shaving within 24 hours preoperatively was asso-
ciated with decreased SSI rates (3.1% vs 7.1%): if shaving
was performed >24 hours prior to operation, the SSI rate
exceeded 20%.1 Clipping hair immediately before an oper-
ation also has been associated with a lower risk of SSI than
shaving or clipping the night before an operation (SSI rates
immediately before = 1.8% vs night before = 4.0%).1o017
Although the use of depilatories has been associated with a
lower SSI risk than shaving or clipping,too6.l depilatories
sometimes produce hypersensitivity reactions.1" Other
studies showed that preoperative hair removal by any
means was associated with increased SSI rates and sug-
gested that no hair be removed.,1 74,175

Reference:
Mangram, A. J., Horan, T. C., Pearson, M. L., Silver, L. C., Jarvis, W. R., & HICPAC. (1999). Guideline
for Prevention of Surgical Site Infection, 1999. Atlanta, GA: USDHHS / PHS / CDC / NCID / HIP. P. 15.
Available from http://www.cdc.gov/ncidod/dhqp/pdf/guidelines/SSI.pdf

P 33
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STERIL - K102199 Sophono Otomag Bone Conduction System Alpha 1(M)

Nature and Duration of Patient Contact
The implant is placed in a surgical procedure under a general anesthetic. It is Spaulding classification
"Critical" requiring sterilization prior to implantation.

This would normally be a " Class 1 / clean" wound primarily closed.
It does violate a hair-bearing area.

It is a permanent contact device (> 30 days) per ISO 10993-1.

Reviewer comment:
1) The Sponsor does not detail the expected lifespan of the implant in the mastoid bone.
2) The Sponsor should address the recommendation for hair removal preoperatively to minimize the -

postoperative risk for infection.
3) The Sponsor should address whether prophylactic antibiotics are advised. Per Fairbanks, 2007, p. 66-
68, "surgery for prosthetic device implantation" may or may not be an indication.

INFECTION PROPHYLAXIS IN SURGERY.
For CLEAN SKIN-ONLY INCISIONS IN HEALTHY PATIENTS, risk is low, sterile technique is
sufficient, and antimicrobial prophylaxis is generally unnecessary.i
Microbiology: Staph. ar-eus (including met-resistant strains: MRSA'), Staph. epidermidis
Drug choices (if circumstances deem necessity):
Primary:
IV: cefazolin (Ancef, Kefzol)
I Gm before anesthesia induction
OR
Oral: cephalexin (Keflex)
500 mg I h pre-op
* If MRSA suspected or prevalent: TMP/SMX
oral, Vancomycin or Tygecycline IV (p. 49)
Alternative:
IV: clindamycin (Cleocin)
600-900 mg (slow drip) before anesthesia
OR
Oral: clindamycin (Cleocin)
150-300 mg I h pre-op

Per Mangram et al, 1999
AMP is sometimes indicated for operations that
entail incisions through normal tissue and in which no viscus
is entered and no inflammation or infection is encountered.
Two well-recognized AMP indications for such clean
operations are: (1) when any intravascular prosthetic material
or a prosthetic joint will be inserted, and (2) for any
operation in which an incisional or organ/space SSI would
pose catastrophic risk. Examples are all cardiac operations,
including cardiac pacemaker placement,290 vascular operations
involving prosthetic arterial graft placement at any
site or the revascularization of the lower extremity, and
most neurosurgical operations (Table 4). Some have advocated
use of AMP during all operations on the
breast.80.242,

See deficiency for clarification of measures to prevent surgical site infections with the subject device
implant surgery.

Materials
Patient contacting materials include Fotoplast-Lac and Titanium Grades 4 and 5 implant. The device
is latex free.

-7P
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STERIL - K102199 Sophono Otomag Bone Conduction System Alpha 1(M)

Standards PDF p 115 (Appendix A) -
Standard Title FDA Declaration of Notes
# Cited & Recognized Conformance
Date
ISO 17665- Sterilization of Healthcare Yes Yes - without Nelson
1:2006 with Products - Moist Heat - deviations, Labs
Updated Part I Requirements for adaptations or
510(k) the Development, exclusions
sterility Validation, and Routine
review Control of
guidance Sterilization
K90-1 Process for

Medical Devices
ISO 17664- Sterilization of medical No Yes- - without
1:2004 devices - Information to deviations,

be adaptations or
provided by the exclusions
manufacturer for the
processing of
resterilizable
medical devices

ISO 15223- Medical devices - Yes Yes- without
1:2007 Symbols to be used with deviations,

medical adaptations or
device labels, exclusions
labeling and
information to be
supplied

AAMI TIR Cited
12: 2004 by

Nelson
labs

USP 32 Sterilization and sterility Cited
<1211> assurance of compendial by

articles Nelson
labs

AAMI Cited
ST79: 2006 by
with Nelson
Al:2008 & labs
Z3: 2009
AAMI ST8: Hospital Steam Sterilizers Cited
2008 by

Nelson
labs

AAMI Sterilization of healthcare Cited
ST67: 2003 products - requirements by
(R2008) for products labeled Nelson

"STERILE" labs

EN556-2: Sterilizatin of medical Cited
2003 devices. Requirements for by

medical devices to be Nelson
desiginated "STERILE." labs
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STERIL - K102199 Sophono Otomag Bone Conduction System Alpha 1(M)

Requirements for
aseptically processed
medical devices

AAMI Containment devices for Cited
ST77: 2006 reusable medical device by

sterilization. Nelson
labs

FDA / ODE Labeling reusable medical Cited
1996 devices guidance by

Nelson
labs

Predicate Devices:
K100193 Otomag Bone Conduction Hearing System - Models Alpha 1(S) and Alpha 1(M).

The Xomed Audiant Bone Conductor (K855059 and K861971) use the same technology.

Sterilization and Shelf-Life: (Section 16; PDF p. 105)
Whereas the Alpha 1(S) configuration had no sterile components, the Alpha 1(M) has a surgical implant that
is sterilized by the user facility prior to surgery.

Section 16: Sterilization and Shelf Life
1. Sterilization
1.1. The Osseointegrated Magnetic Implant is provided clean but not sterile and is intended
to be sterilized via gravity or prevacuum steam sterilization at the healthcare facility
immediately prior to implantation. The Physician's Manual contains appropriate
instructions for sterilization of the implant in accordance with the requirements of ISO
17664-1:2004: Sterilization of medical devices - Information to be provided by the
manufacturer for the processing of resterilizable medical devices. In addition, the
specified sterilization cycle is a commonly available cycle and has been validated in
accordance with ISO 17665-1:2006: Sterilization of Healthcare Products - Moist Heat -
Part I Requirements for the Development, Validation, and Routine Control of
Sterilization Process for Medical Devices.
1.2. Attachment I to Section 15 - Labeling contains a copy of the revised Physician's Manual
which contains details regarding pre-implant sterilization. Refer to pages 11 and 12 of
this manual for details.
1.3. Appendix D to the overall submission contains validation protocols and reports for the
specified sterilization cycle.
2. Shelf-Life
2.1. Not Applicable. The Osseointegrated Magnetic Implant is not supplied sterile and the
materials of the implant case (titanium grades 4 and 5) are not expected to suffer
performance degradation over the life of the overall product.

Reviewer comments: The sponsor should more fully characterize the packaging of the implant to aid our
understanding of the appropriateness of their instruction not to clean the implant prior to sterilization.
See deficiency.

Implant Steam Sterilization Validation appears in Attachment D 
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STERIL - K102199 Sophono Otomag Bone Conduction System Alpha 1(M)

Reviewer summary:

Figure 1: Inoculation site on device
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STERIL - K102199 Sophono Otomag Bone Conduction System Alpha 1(M)

TABLE 1. Results for the Gravity Half Cycles

Proposed Labelling (Attachment 1 to Section 15, pp 11-12)

Physician's Manual (starts PDF p. 60)

Alpha 1 (M) System: Instructions for Sterilization and
Placement of the Magnetic Implant and Alpha 1
Sound Processor
Point of Use Sterilization Instructions:
Warning
E The Alpha I (M) Magnetic Implant is provide non-sterile and
must be sterlized prior to implantation according to the
provided instructions. Failure to sterilize appropriate can
result in serious infection.
The Alpha 1 (M) magnetic implant is provided clean but NOT sterile. It is not
necessary to clean the implant prior to sterilization. To prepare the implant for
steam sterilization use the following steps:
* Unscrew the cap on the magnetic implant container.
* Without touching the magnetic implant, transfer the implant into the
autoclave pouch. Transfer can be simply accomplished by inverting the
implant container over the open top of the autoclave pouch.
* Immediately seal the autoclave pouch.
* Drying of the device is not required.

Page 10 of 19 131
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STERIL - K102199 Sophono Otomag Bone Conduction System Alpha 1(M)

O The Alpha I Sound Processor, Magnetic Implant, Headband,
and Softband are intended for single-patient use only. Do not
use any of these products if they have previously been placed
in or with another patient.
Exact compliance is required with the sterilization equipment manufacturer's
instructions for use, maintenance, and periodic monitoring. The Alpha implant
can be sterilized a single time by prevacuum or gravity steam sterilization
(autoclaving). The following sterilization parameters.have been validated for
sterilization of the implant.
Limitations on Reprocessing: Single Sterilization Only
Presterilization Decontamination / Cleaning / Disinfection: None Required
Cycle Type: Prevacuum or Gravity
Sterilization Time: 15 minutes minimum
Sterilization Cycle Temperature: 132 degrees C / 270 degrees F
Packaging: Cardinal Health Self Sealing Autoclave Pouch (P/N 92510)
Storage in Sterile State: Not Allowed - Sterilization immediately pre-implant
only

Reviewer comments:
1) Prevacuum has not been validated, and has very different (shorter) cycle parameters, thus must be
validated.
2) The materials and dimensions of the pouch should be specri ed, not just the manufacturer.
3) The Sponsor should provide assurance that the manufacturing process removes all inorganic and
organic residue.
4) Drying time must be validated and specified for the end user.
5) The packaging for the implant should be fully described.
See multiple deficiencies.

Package labels PDF p. 99

Sohono
MAGNETIC IMPLANT
REF: 093001

: XXXX-XX
QTY: 1

EFS GmbH & Co. KG
Glasbronnenstr. 6
75449 Wumberg, Germany

Phone :(+49) 0 2841 8870032
Fax :(+49) 0 2841 8870032

PN xxxx-XXX
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STERIL - K102199 Sophono Otomag Bone Conduction System Alpha 1(M)

Otomag Alpha I(S) Bone Conduction Hearing System

Manufacturer: A
oag GmbH Ale Doft uras 67, 32209 RoigIausen. Germany. Tet +49 574i 8504 Fa. +49 5746 8578

D=lbued by- Soone. Inc. 903 Brotan Drive, Bowder CO 80303 USA Te 1 303 564 1663 Fa +1720 222 2432

I in e Im any 
use 

OtimH sng Syus

I PUM A ENWS klo l t
Dest Mnkdfl rw 5si PaMri UN. MIir

Reviewer comment:
I believe we currently require that the English text be displayed with each international symbol

Patient User Manual (starts PDF p. 82)

Below from p. 10 of manual
Alpha 1 (M)
To place the Alpha 1 (M) Sound Processor, simply guide it into the vicinity of the
Magnetic Implant- The magnetic forces will bring it to its correct position. See
Figure 3.

Figure 3. Positioning the Alpha I (M) Sound Processor on the osecointegrated
Magnetic Implant

Patient User manual section 4, p. 13 (PDF p.94) Product maintenance cleaning and care.
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STERIL - K102199 Sophono Otomag Bone Conduction System Alpha 1(M)

4 Product Maintenance
Cleaning and Care
Sound Processor

* Have your Sound Processor checked at regular inteNals as specified by
your hearing professional.

* To clean your Sound Processor wipe a with a soft cloth or a CIrox
type disinfectng wipe

* The battery compartment may be cleaned by wiping it out with a DRY
coton swab or a cotton swab that has been moistened by a Cicr&x type
disinfecting wipe.

Note
-Remove me Sound Processor, Soflband, and Headband

durng the applcauliaof bairsprayorstyllrget LI
nairspray or get comes In contac: with tne sound Processor it
may becom e sta and ditracut to crean

* If the Sound Processor becomes soaked vAth water
" Immediately open the battery door and remove the battery
o Put the Sound Processor in a contaner with drying capsules such as

Dri-aid kit or similar overnight Drying kits are avaiable from most
hearing care professionals.

Caution
* The Sound Processor is not waler proof and stould sol be

wom in heavy rain, in tme bath or shoer, or In other
envlronmer.:s witers exposure to heavy maiure is utely.
EIposure to moswure may cause damage to the devie.

- To avoWd damage to tre case or tie sound Processor. do
not use nousaiot soaps or rinse J submerge rie case under
Water and do not wash the case in the dlsttwaster. SfolLI
the case become wet fru any reason, atlox Me case to air
dry completely beore stritng the Alpha I Processor In the
case

* The Sound Processor is provide* in a plastic case which may be used to
store the processor. This case may be cleaned with a Cloroxb type
disinfecting wipe. Make sure the case is completely dry before storing
the Sound Processor in it.
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STERIL - K102199 Sophono Otomag Bone Conduction System Alpha 1(M)

C80tion
- The Sound Precessor Is desined to operate &t:tn the

temper3:ure ranges of or IF 50c) to IC'F 1+4 (C). The
processor shoula not be subject to temperalures Celem 4'?
(-2lC) or abo'e 122F (+EZC) at any tme.

* Protect yout Sound Processor from Impact and shock.
Avoid dropping your Sound Processor

* Do rot expose the Sound Processor to Wlong sunIght
* Alway; swi your deyoe cIw!ten you remove It. you do

not use your Sound Processor for a long t=ue, remove te
battery and store Ie Sound Processor In Its case

Softband and Headband
* The Headband can be cleaned with a Clro type disinfecting wipe.
* The Softand may be submerged and hand washed with a mild c'o:hes

washmng detergent (with or without a smaI amount of color safe bleach)
and air dried or may be deaned with a CloroxO type disinfecting wipe.

Magnetic Spacer
* The Magnetic Spacer can be cleaned with a Cloroxg type disinfecting

wipe.

Caution
- Clean te Alpna I Processor, Mragrett spacer. Headtand,

and Soiband only as directed. Oter common tousehold
cleaning chemicals or methods, 5ct. as wasling machines.
bMeach. ammcnla, or spray cleaners may damage the
device.
To avoid damage to ine case or the Sound Processor, do
not use nousenoli soaps or drae I submerge the case
under water and co not wasn the case in the dishwasner.
Should tIe case become we! for any reason, allow the case
10 ar ary comnpletely befTe StOrig the Alpha I Processor in
15&e ease.

Reviewer comment: These instructions are adequate. The Sponsor should provide more information about
the magnetic spacer however, and its materials and patient contact. See deficiency.

Pyrogenicity

The sponsor does not mention bacterial endotoxins. Technically this should be mentioned as a necessary
item for a complete sterility review of a 510(k) per the K90-1 sterility review guidance. AAMI ST72: 2002
has a blanket statement that implants should be nonpyrogenic. Howeverfrom earlier research and
conversation with DAGID expert reviewers, many bone implants are not, including orthopedic joints,
facial plating systems, dental implants and mastoid implants. There have been no reported issues with
pyrogenic reactions from these implanted devices. I will query the sponsor, but his is not likely to be a
major deficiency. The sponsor will be easily able to justify the lack ofpyrogen testing.
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STERIL - K102199 Sophono Otomag Bone Conduction System Alpha 1(M)

Reviewer summary of Sterility:
This implanted titanium cased magnet is provided Nonsterile from the manufacturer to be.
sterilized by the user facility immediately prior to the implant surgery.
The original application bears a sterilization validation study that requires clarification and is
incomplete.
The original application user instructions need clarification.
The Sponsor does not address standard measures for preventing surgical site infections.
A number of accessories for the system were previously reviewed and cleared by FDA. However,
the sound processor has a new magnetic spacer that is incompletely characterized. All other
accessories are appropriately cleaned and I or low-level disinfected.

1. Sterilant: S

a. Sterilization method description Implant provided non-sterile to
(e.g., Steam (moist heat), EO, Radiation): be sterilized using gravity or

prevacuum steam by the user
facility preoperatively.

b. Dose, for radiation NA
(e.g., 25 - 50 kGy):

c. Sterilant residuals remaining on the device: NA
For EO, the maximum levels of residuals of EO and ethylene chlorhydrin that remain
on the device (note: not to include ethylene glycol residual level because the
standards that have been, or currently are recognized, "ANSI/AAMIISO 10993-
7:1995 and 2008 Biological Evaluation ofMedical Devices - Part 7: Ethylene Oxide
sterilization residuals," do not include measurement of ethylene glycol residuals);

2. A description of the Validation Method for the sterilization cycle ISO 17665-1: 2006
(not data): Biological Indicator Overkill
(Full citation of an FDA recognized standard is recommended method
including date (e.g., ANSI/AAMI/ISO 11135:2007)),

3. Sterility assurance level (SAL): 10-6
(e.g., 10-6 for all devices (except 10" for devices that contact intact
skin))

4. Is it labeled "Pyrogen Free"? Not stated

If so, a description of the method:
(e.g., LAL (Limulus Amebocyte Lysate test))

5. A description of the packaging Not described.
(not including package integrity test data):

END OF REVIEW

Recommendation: Additional information is needed (TH)
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STERIL - K102199 Sophono Otomag Bone Conduction System Alpha 1(M)

Suggested Sterility I Re-use Deficiencies for the Sponsor:

1. You do not address several issues that impact on the potential for surgical site infections postoperatively.
Please address the following:

a. Your magnets appear to be implanted in a hair-bearing area. Surgeries in hair-bearing areas are at
risk for surgical site infections (Mangram et al., 1999). Your Surgeon's manual does not address the
removal of hair from the surgical area preoperatively. Please address this concern.

b. You do not advise any skin preparation (topical antimicrobials) prior to making the skin incision.
Please address this concern and revise your Surgeon's instructions if indicated.

c. You do not advise any antibiotic prophylaxis for implanted patients. Please discuss whether
antibiotic prophylaxis is recommended with your implants and revise the Surgeon's instructions if
indicated.

References:
Fairbanks, D. N. F. (2007). Pocket Guide to Antimicrobial Therapy in Otolaryngology-Head and Neck
Surgery (13 Ed.) Alexandria, VA: The American Academy of Otolaryngology-Head and Neck Surgery
Foundation. Available from http://www.entnet.org/EducationAndResearch/upload/AAO-PGS-9-4-2.pdf

Mangram, A. J., Horan, T. C., Pearson, M. L., Silver, L. C., Jarvis, W. R., & HICPAC. (1999). Guideline
for Prevention of Surgical Site Infection, 1999. Atlanta, GA: USDHHS / PHS / CDC / NCID / HIP.
Available from http://www.cdc.gov/ncidod/dhqp/pdf/guidelines/SSI.pdf
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STERIL - K102199 Sophono Otomag Bone Conduction System Alpha 1(M)

5. You do not recommend (Surgeon's instruction manual, p. 12) or validate (Attachment D) a drying time
for your implanted magnets. Please address the following:

a. In your Surgeon's manual (p.1 1), in the section where you describe the preparation of the implant for
sterilization, you state "Drying of the device is not required." This statement is illogically placed and
not relevant to the preparation for sterilization, since none of your recommended preparation steps
involve making the implant wet. Please delete this statement.

b

c. As communicated in "Labeling Reusable Medical Devices for Reprocessing in Health Care
Facilities: FDA Reviewer Guidance" (available at http://www.fda.gov/cdrh/ode/198.pdf),
manufacturers are responsible for including at least one validated, technically feasible sterilization

74
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STERIL - K102199 Sophono Otomag Bone Conduction System Alpha 1(M)

Notes for Team Leader / Other reviewers to consider:

* For the engineering reviewers - any bench / functionality testing should be performed on sterilized
and aged devices.
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STERIL - K102199 Sophono Otomag Bone Conduction System Alpha 1(M)

Keep Otomag System components away from magnetic data
storage media and electronic devices. The Alpha 1 Sound
Processor, Magnetic Implant, Headband, and Softband all
contain magnets that can potentially damage magnetic data
storage media and electronic devices.
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REVIEW OF TOXICOLOGY DATA

Date : September 7, 2010
From: : Vasant G. Maishet, Ph.D., DABT Division/Branch: DONED/ENTB
To : Vasant Dasika, Ph.D. Division/Branch: DONED/ENTB
Trade Name: Otomag Bone conducting Hearing System
510(k)# : K102199
Applicant : Sophono Inc

Checklist: Biocompatibility Evaluation of Medical Devices

Indications for Use: The Otomag Alpha 1 Sound Processor is intended for use with the
Otomag Headband or Otomag Softband (no age limitations), or with the Otomag
Osseointegrated Magnetic Implant (patients 5 years of age and up) for the following
patients and indications:
* Patients with conductive or mixed hearing losses, who can still benefit from

amplification of sound. The pure tone average (PTA) bone conduction (BC)
threshold for the indicated ear should be better than 45 dB HL (measured at 0.5,
1, 2, and 3 kHz).

* Bilateral fitting is applicable for most patients having a symmetrically conductive
or mixed hearing loss. The difference between the left and right sides' BC
thresholds should be less than 10dB on average measured at 0.5, 1, 2, and 4 kHz,
or less than 15 dB at individual frequencies.

* Patients who have a profound sensorineural hearing loss in one ear and normal
hearing in the opposite ear, who for some reason will not or cannot use an AC
CROS. The pure tone average (PTA) air conduction (AC) threshold of the hearing
ear should be better than 20 dB HL (measured at 0.5, 1, 2 and 3 kHz).

Brief Device Description: The Otomag Bone Conduction Hearing System is a family of
sound processors and accessories that operate on the principle of bone conduction of sound
vibrations. The Otomag System consists of two distinct configurations; Alpha 1 (S) and Alpha I
(M). This 510(k) is being submitted to add the Osseointegrated Alpha 1 (M) configuration to the
existing product family.

In the Otomag Alpha 1 (S), the Otomag Sound Processor is attached magnetically to a
headband or softband. The headband or softband holds the sound processor against the head
and vibration is transduced through direct contact with the patient's skin and the bone below.

The Otomag Alpha 1 (M), the Otomag Sound Processor is attached magnetically to an
osseointegrated implanted magnet assembly. This configuration of the system is based on
osseointegration of the implant through which living tissue integrates with the titanium implant
causing the implant to be integrated into the bone. The magnetic field holds the sound
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processor agains the head and vibration is transduced through direct contact with the patient's
skin and the bone below.

The Otomag System is designed for use for those patients with conductive hearing loss, those
patients who have sensorineural hearing loss up to 45 dB in combination with their conductive
loss, and single sided deafness as defined in the indications for use. The prescriptive formula
and adjustments available to the audiologist in the software allow for programming the Otomag
System for individual patient hearing loss.

Component Materials:

Introduction
1.1. The only new patient contacting materials present in the Osseointegrated Alpha 1(M)
addition to the Otomag Bone Conduction Hearing System are related to the Magnetic
Implant and its retention hardware (bone screws).

A available route through the flow chart conservatively assumes that the implant is not exactly
the same as a legally marketed device and follows the path that asks if the material "is a
polymer" (no), "is the material a metal, metal allow, or ceramic" (yes), "does it contain
toxic substances" (no). This path through the flow chart also indicates that biocompatibility
requirements have been met for the material of the implant case. The materials specifications
for the titanium materials used in the case are contained in Appendix B to the overall
submission.

The titanium material used in the magnetic implant is well established as biocompatible and is
used in implantable medical devices in similar applications such as cochlear implants and
extensively as a material for orthopedic implants.

The bone screws used to anchor the magnetic implant are also titanium. These screws are
manufactured by Stryker Leibinger and are a legally marketed device which was cleared under
K970912 for use as self threading bone screw.

Type of Tissue Contact: (check one)
Surface device: skin
Surface device: mucosal membrane

_x_ Surface device: breached or compromised surfaces
External communicating device: blood path, indirect
External communicating device: tissue/bone/dentin
External communicating device: circulating blood

__ Implant device: tissue/bone
__ Implant device: blood

Duration of Contact: (check one)
< 24 hours
> 24 hours, but less than 30 days

_x_ > 30 days
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potential for repeat exposure (If so, please explain)

Biocompatibility Testing Submitted: (See Table 2.)

Summary of Biocompatibility Data Submitted: (See Table 3.)

Table 2. Biocompatibility Testing Submitted

Biocompatibility Test Recommended Provided Need to
(will plan to provide
add links to

tests)
Cytotoxicity x
Sensitization x
Irritation or intracutaneous x
reactivity
Acute systemic toxicity and
material mediated
pyrogenicity
Sub-chronic toxicity
Genotoxicity

Gene mutations in
bacteria
Gene mutations in
mammalian cells
Clastogenicity in
mammalian cells

Implantation

Hemocompatibility
Hemolysis
Complement activation
Thrombogenicity

Chronic toxicity
Carcinogenicity
Reproductive/developmental
Biodegradation

*Per ISO 10993-3 genotoxicity testing should be performed using methods outlined in
option 1.

L929 MEM ELUTION TEST - ISO

No biological reactivity (Grade 0) was observed (b)(4) 

(b)(4) 
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 The test article
considered non-cytotoxic and meets the requirements of the Elution Test, ISO 10993.

KLIGMAN MAXIMIZATION TEST - MODIFIED

INTRACUTANEOUS INJECTION TEST-ISO

The test article, 
was evaluated for its potential to produce irritation after intracutaneous injection in
New Zealand white rabbits. The test article sites did not show a significantly greater biological
reaction than the sites injected with the control article. Based on the criteria of the protocol, the
test article is considered a negligible irritant.

Conclusions: The submission contains biocompatibility information to show that the
patient contacting material is biocompatible during the intended use of this device.

Tasant G. 'Mashet, Pk. D., DAY T

Expert ToxicoCogist

-is'
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(b)(4) 

(b)(4) 
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K102199 - Materials Science and Engineering Review

To: Vasant Dasika, Ph.D.
Team Leader, DONED/ENTB

From: Daniel C. Clupper, Ph.D.
Biomedical Engineer, DONED/ENTB

Date: September 14, 2010

Device: Otomag Bone Conduction Hearing System
Model Alpha 1 (S) and Alpha 1 (M)
(Sophono Inc.)

Regulatory Background
Regulation Number: 21 CFR 874.3300
Product Code: LXB

Indications for Use
The Otomag Alpha I Sound Processor is intended for use with the Otomag Headband or
Otomag Softband (no age limitations), or with the Otomag Osseointegrated Magnetic
Implant (patients 5 years of age and up) for the following patients and indications:

* Patients with conductive or mixed hearing losses, who can still benefit from
amplification of sound. The pure tone average (PTA) bone conduction (BC) threshold
for the indicated ear should be better than 45 dB HL (measured at 0.5, 1, 2, and 3 kHz).

* Bilateral fitting is applicable for most patients having a symmetrically conductive or
mixed hearing loss. The difference between the left and right sides' BC thresholds
should be less than 10dB on average measured at 0.5, 1, 2, and 4 kHz, or less than 15
dB at individual frequencies.

* Patients who have a profound sensorineural hearing loss in one ear and normal
hearing in the opposite ear, who for some reason will not or cannot use an AC CROS.
The pure tone average (PTA) air conduction (AC) threshold of the hearing ear should
be better than 20 dB HL (measured at 0.5, 1, 2 and 3 kHz).

Device Introduction (p. 13-1; 38 of 194)
The Otomag Bone Conduction Hearing System is a family of sound processors and
accessories that operate on the principle of bone conduction of sound vibrations. The
Otomag System consists of two distinct configurations; Alpha 1 (S) and the
osseointegrated Alpha 1 (M).

This 510(k) is being submitted to add the Alpha 1 (M) configuration to the existing
product family.

K102199 Page 1 of 10 75
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In the Otomag Alpha I (S), the Otomag Sound Processor is attached magnetically to a
headband or softband. The headband or softband holds the sound processor against the
head and vibration is transduced through direct contact with the patient's skin and the
bone below.

In the Otomag Alpha 1 (M), the Otomag Sound Processor is attached magnetically to an
implanted magnet assembly. The magnetic field holds the sound processor against the
head and vibration is transduced through direct contact with the patient's skin and the
bone below. Vibration is not primarily transmitted through the magnetic implant.

The Otomag System is designed for use for those patients with conductive hearing loss,
those patients who have sensorineural hearing loss up to 45 dB in combination with their
conductive loss, and single sided deafness as defined in the indications for use. The
prescriptive formula and adjustments available to the audiologist in the software allow for
programming the Otomag System for individual patient hearing loss.

Description of the Osseointegrated Alpha 1 (M) Configuration (p. 13-4; 41 of 192)
In the Alpha 1(M) configuration, the Alpha 1 Sound Processor is used with an Otomag
Osseointegrated Magnetic Implant (similar to cochlear implant magnets) and a plastic
magnetic spacer. The plastic magnetic spacers are equipped with magnets encapsulated
by Fotoplast (plastic) materials. Figure I below shows the details of the configuration.

Alpha 1 external
audio processor

Screws

.agetic Spacer

Manetic Implant

Figure 1. Alpha 1(M) configuration.

For this configuration, the same metal disc used in the Alpha I(S) configuration is used to
attach the sound processor to plastic magnetic spacer. The magnets within the plastic
magnetic spacer are then additionally used to secure the external assembly (sound
processor and spacer) to the magnetic implant across the patient's skin.

K102199 Page 2 of 10
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To ensure that appropriate pressure is applied between the sound processor and the
patient's skin / bone, various strengths of magnetic spacers are available (4 sizes - 2mm,
4mm, 6mm, and 8mm).

The magnetic implant is screwed to the skull with Stryker self-tapping titanium facial
plating screws. The implant consists of two magnets (similar to cochlear implant
magnets) hermetically sealed in a titanium case that are recessed into bone beds at the
surgical implant site.

Osseointegrated Magnetic Implant (p. 13-7; 44 of 192)
The implant consists of two 5 magnets hermetically sealed in a titanium housing as
shown in Figures 2 and 3. The implant is manufactured for

 Validation documentation associated with the implant's performance as a
retention mechanism for the sound processor can be seen in Appendix C to the overall
submission.

Figure 2. Magnet implant.

K102199 Page 3 of 10
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The magnetic implant is placed in 3 mm deep bone beds as shown in Figure 4. The
implant is secured using 4 mm titanium facial plating screws. The device is intended to
be steam sterilized at the healthcare facility prior to implantation.

Figure 4. Bone bed.

Reviewer Comments:

Magnetic Spacer (p. 13-8; 45 of 192)
The spacer consists of a  magnet encapsulated in
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Figure 5. Magnetic spacer. Figure 6. Sound processor attached to
magnetic spacer.

Figure 7. Implant secured into bone bed.

Patient-Contacting Components and Materials (p. 13-8; 45 of 192)
The components of the Otomag System that are patient contacting are the Fotoplast
components on the headband / softband, the Fotoplast Magnetic Spacer, and the titanium
magnetic implant. Biocompatibility information for these materials is contained in
Section 17 and Appendix B of the overall submission. Each Magnetic Implant is cleaned
to remove any manufacturing process contaminants.

Fotoplast-Lac and Fotoplast S 10

ntended use. These materials are
commonly used to fabricate hearing aid ear molds and thus have years of use in the ear
canal without biocompatibility problems.
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Titanium
The implant consists of a samarium cobalt magnet sealed in a biocompatible titanium
case. Only the titanium case of the implant is in contact with patient tissue.

The bone screws used to anchor the magnetic implant are also titanium. These screws are
manufactured by Stryker Leibinger and are a legally marketed device which was cleared
under K970912 for use as self threading bone screw.

Force Application Method (p. 14-6; 58 of 194)
The new Osseointegrated Alpha 1(M) configuration of the device utilizes a magnetic
field to apply the necessary force to the patient's mastoid in order to appropriately
conduct sound. The force generated by the magnetic field is adjustable through 4
different strength magnetic spacers provided with the product.

The approach of using a magnetic implant to attach the sound processor has been
previously employed by another family of bone conduction hearing devices. The Xomed
Audiant Bone Conductor cleared in K855059 (Fig. 8) and K861971 employ this same
technology for the attachment of the sound processor.

SUBCUTANEOUS
TISSUE

I enI I SKIN
BATTERYBN

POWERo
SUPPLY

FERRITE CORE .
&COIL IMI

FILTER &
MICROPHONE PRE VOLUME POWER 5 s s

AMPLIFIER CONTROL AMPLIFIER

LSOUND PROCESSOR
BONI

SCREW.
MAGNET

Figure 8. Xomed device (K855059).
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K855059 Materials
The implant portion of the K855059 Audiant Bone Conductor system is composed of:

1. Titanium Alloy Ti-6A1-4V (cup and screw portion of the Audiant Bone Conductor
implant).

2. Cobalt Samarium Magnet - This portion of the implant, which is affixed to the
Titanium Alloy cup, is coated with Parylene-C film to isolate it from body fluids and
further potted in silicone elastomer.

3. The Parylene-C coated magnet and the interior of the titanium alloy cup are potted in
PE1055 silicone elastomer.

The magnet specifications are shown below:

II. VENDOR REQUIREMENTS:

** VENDOR MUST MEET ALL REQUIREMENTS LISTED an

A. Physical:

1. Material:

a. Disk - Sintered rare earth/cobalt alloys

b. Coating - Parylene-C coating to meet MIL-STD-4605'3C

2. Visual: Section III

B. Mechanical

Typical Room Temperature Properties:

1. Coercive Force (He), Oersteds: 8200.

2. Intrinsic Coercive Force (Hci), Oersteds: 1500+.

3. Residual Induction (Br), Gauss: 8700

4. Maximum Energy Product (BN): 18.

5. Curie Temperature - 700*.

Coatinl: Magnets shall be uniformly coated on all
surfaces, except the "North Pole", with 76 micron
of Parylene-C.

Magnets shall be polarized through the .110" dimension.

Performance Testing Summary (p. 13-4; 41 of 192 and Sec. 20)
Sealing of Magnetic Implant
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Force Application
Validation was performed to show that the range of forces that can be generated using the
variety of magnetic spacers meets specifications derived from national and international
standards and is substantially equivalent to the forces generated by the softband and
headband versions of the device. This validation is documented in validation protocol

(Appendix C).

Implant Anchoring
Implant Anchoring using titanium bone screws (Liebinger 4mm facial plating screws)
were validated for this use in validation protocol (Appendix C).

- Otomag Magnetic Implant Static Force Verification / Validation Protocol
The purpose of this protocol is to measure the force that the Otomag magnetic implant
exerts on the Alpha 1 audio processor against the side of the head over the available
range of magnetic spacers and the expected range of skin thicknesses. The intention is to
show that for all skin thicknesses, a magnetic spacer is available to generate a holding
force within the range provided by the headband and softband versions of the device.

The Otomag softband and headbands were approved in 5 10(k) K100193 for use with the
Alpha 1 Audio Processor for the treatment of conductive, mixed and single sided
deafness.

In the case of the implant magnet, the plastic pad is held in the same radial direction by
the implant magnet as it is with the headband or the softband. The audio processor is held
to the plastic pad by magnetic force.

Current standards specify that a headband should hold a bone vibrator in position with a
static force of ANSI S3.6, 2004) for audiometric measurements and

IEC60118.9, 1985) for calibration of a hearing aid bone vibrator on an artificial
mastoid. Raicevich et. al., measured the force exerted by bone vibrator on the head for 11
subjects, the measured mean force exerted by a headband fitted with an 

 

While these standards are intended for specific purposes, the information in these
standards can be used to establish a force range that allows for meaningful audiometric
measurements and relativistic comparison of the device using artificial mastoids. The
force specification range used in this protocol was derived based on these standards and
the intent of this protocol is to show that the magnetic implant of the Alpha 1(M) version
of the Otomag Bone Conduction Hearing System is capable of generating application
forces within this range to support the device.
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Results Table - (Green shade denotes meeting specification range)

The acceptance criteria was met where the population average for at least one
combination of magnetic implant and magnetic spacer attraction force is within the range
set by the standards quoted above   for each tissue thickness.

Reviewer Comments: According to the sponsor, current standards specify that a
headband should hold a bone vibrator in position with a static force of
(ANSI S3.6, 2004). I defer to the audiologist and/or team leader regarding the
applicability of the     values referenced above which are
used to support the data shown in the "Results Table" above.

 - Otomag Magnetic Implant Screw Retention Force Validation Protocol
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Conclusions
The following deficiencies are recommended:

Daniel C Cluipper, Ph.D.
Biomedical Engineer
DONED/ENTB
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Screening Checklist for Traditional/Abbreviated Premarket
Notification [510(k)] Submissions

based on
Guidance for Industry and FDA Staff

Format for Traditional and Abbreviated 510(k)s
http://www.fda.pov/MedicalDevices/DeviceRequlationandGuidance/GuidanceDocuments

/ucm084365.htm

MDUFMA Cover Sheet Medical Device User Fee Cover Sheet X
http://www.fda.qov/Forlndustry/UserFees/MedicalDe
viceUserFeeandModernizationAct/ucml55274.htm

CDRH Premarket Review CDRH Premarket Review Submission Voluntary X
Submission Cover Sheet Cover Sheet

http://www.fda.pov/downloads/AboutFDA/ReportsMa
nualsForms/Forms/UCM080872.pdf

510(k) Cover Letter Appendix A of "Guidance for Industry and FDA Staff X
Format for Traditional and Abbreviated 510(k)s"
updated November 17, 2005
http://www.fda.aov/MedicalDevices/DeviceRegulation
andGuidance/GuidanceDocuments/ucm084365.htm

Indications for Use Device Advice " Content of a 510(k)" Section D X
Statement http://www.fda.aov/MedicalDevices/DeviceRequlation

andGuidance/GuidanceDocuments/ucm080275.htm

510(k) Summary or Device Advice" Content of a 510(k)" Section E X
510(k) Statement http://www.fda.aov/MedicalDevices/DeviceReulation

andGuidance/HowtoMarketYourDevice/PremarketSu
bmissions/PremarketNotification5lOk/ucml42651.ht
m

Truthful and Accuracy Device Advice " Content of a 510(k)" Section G X
Statement http://www.fda.qov/MedicalDevices/DeviceRequlation

andGuidance/HowtoMarketYourDevice/PremarketSu
bmissions/PremarketNotification5lOk/ucml42707.ht

Class Ill Summary and Class Ill Summary and Certification Form X
Certification http://www.fda.qov/MedicalDevices/DeviceReulation

andGuidance/HowtoMarketYourDevice/PremarketSu
bmissions/PremarketNotification5lOk/ucml42662.ht
m

Financial Certification or FORM FDA 3454, Certification: Financial Interests X
Disclosure Statement and Arrangements of Clinical Investigators

http://www.fda.qov/downloads/AboutFDA/ReportsMa
nualsForms/Forms/UCM048304.pdf
FORM FDA 3455, Disclosure: Financial Interests and
Arrangements of Clinical Investigators
http://www.fda.pov/downloads/AboutFDA/ReportsMa
nualsForms/Forms/UCM048310.pdf
Financial Disclosure by Clinical Investigators
http://www.fda.qov/RegulatorvInformation/Guidances
/ucml26832.htm

Rev. 5/30/07
'74W,
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Declarations of Use of Standards in Substantial Equivalence X
Conformity and Summary Determinations
Reports (Abbreviated http://www.fda.gov/MedicalDevices/DeviceRegulation
510(k)s) andGuidance/GuidanceDocuments/ucm073752.htm

FDA Standards program
http://www.fda.pov/MedicalDevices/DeviceRequlation
andGuidance/Standards/default.htm
Declaration of conformity
www.fda.qov/cdrh/devadvice/3145.html#link 9
Required Elements for Declaration of Conformity to
Recognized Standard
http://www.fda.qov/MedicalDevices/DeviceRequlation
andGuidance/HowtoMarketYourDevice/PremarketSu
bmissions/PremarketNotification5l0k/ucml42706.ht
m

Executive Summary See section 10 in Chapter II of "Guidance for Industry X
and FDA Staff Format for Traditional and
Abbreviated 510(k)s" updated November 17, 2005
http://wwwfda.pov/MedicalDevices/DeviceRegulation
andGuidance/GuidanceDocuments/ucm084365.htm

Device Description See section 11 in Chapter 11 of "Guidance for Industry X
and FDA Staff Format for Traditional and
Abbreviated 510(k)s" updated November 17, 2005
http://www.fda.gov/MedicalDevices/DeviceReulation
andGuidance/GuidanceDocuments/ucm084365.htm

Substantial Equivalence Guidance on the CDRH Premarket Notification X
Discussion Review Program 6/30/86 (K86-3),

http://www.fda.qov/MedicalDevices/DeviceRegulation
andGuidance/GuidanceDocuments/ucmO8l383.htm

Proposed Labeling Device Advice " Content of a 510(k)" Section H X
http://www.fda.pov/MedicalDevices/DeviceRegulation
andGuidance/Overview/DeviceLabelinq/default.htm

Sterilization/Shelf Life Updated 510(k) Sterility Review Guidance (K90-1) X
http://www.fda.qov/MedicalDevices/DeviceRequlation
andGuidance/GuidanceDocuments/ucm072783.htm
For reuse of single use devices, see Guidance for
Industry and FDA Staff - Medical Device User Fee
and Modernization Act of 2002 Validation Data in
Premarket Notification Submissions (510(k)s) for
Reprocessed Single-Use Medical Devices
http://www.fda.ov/MedicalDevices/DeviceReoulation
andGuidance/GuidanceDocuments/ucm071434.htm

Biocompatibility FDA Blue Book Memo, G95-1, Use of International X
Standard ISO-10993,
http://www.fda.qov/MedicalDevices/DeviceRequlation
andGuidance/GuidanceDocuments/ucm080735.htm

Software Guidance for the Content of Premarket Submissions X
for Software Contained in Medical Devices
http://www.fda.qov/MedicalDevices/DeviceRequlation
andGuidance/GuidanceDocuments/ucm089543.htm

'7 Q3
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Electromagnetic CDRH Medical Device Electromagnetic Compatibility X
Compatibility/Electrical Program
Safety http://www.fda.gov/Radiation-

EmittinqProducts/RadiationSafetV/ElectromagneticCo
mpatibilitvEMC/default.htm
See also IEC 60601-1- 2 Medical Electrical
Equipment -- Part 1: General Requirements for
Safety; Electromagnetic Compatibility --
Requirements and Tests (Second Edition, 2001)

Performance Testing - See section 18 in Chapter II of "Guidance for Industry X
Bench and FDA Staff Format for Traditional and

Abbreviated 510(k)s" updated November 17, 2005
http://www.fda.qov/MedicalDevices/DeviceRequlation
andGuidance/GuidanceDocuments/ucm084365.htm

Performance Testing - See section 19 in Chapter II of "Guidance for Industry X
Animal and FDA Staff Format for Traditional and

Abbreviated 510(k)s" updated November 17, 2005
http://www.fda.qov/MedicalDevices/DeviceRegulation
andGuidance/GuidanceDocuments/ucm084365.htm

Performance Testing - See section 20 in Chapter 11 of "Guidance for Industry I X
Clinical and FDA Staff Format for Traditional and

Abbreviated 510(k)s" updated November 17, 2005
Certification/Disclosure Forms: Financial Interests
and Arrangements of Clinical Investigators
http://wwwfda.gov/downloads/AboutFDA/ReportsMa
nualsForms/Forms/UCM048304.pdf
http://www.fda.pov/downloads/AboutFDA/ReportsMa
nualsForms/Forms/UCM048310.pdf

FORM FDA 3654, Standards Data Report Form - Form 3654 X
Standards Data Report
for 510(k)s - 1: No standard used -
http://www. fda. covIdowni No Standards Form Required
oads/AboutFDA/Reoorts
ManualsForms/Forms/UC 2: Declaration of Conformity -
MO81667.vdf Yes Standards Form Required

3: Standard but no declaration -
Yes Standards Form Required

Kit Certification Device Advice X
http://www.fda.cov/MedicalDevices/DeviceReulation
andGuidance/GuidanceDocuments/ucmO8O2l3.htm

7
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Internal Administrative Form

YES NO
1. Did the firm request expedited review? X
2. Did we grant expedited review?
3. Is the product a device? X
4. Is the device exempt from 510(k) by regulation or policy? X
5. Is the device subject to review by CDRH? X
6. Does the tradename imply a new intended use or new indication? If X

yes, please see the 510(k) Staff
7. Are you aware that this device has been the subject of a previous NSE X

decision?
8. If yes, does this new 510(k) address the NSE issue(s), (e.g., X

performance data)?
9. Are you aware of the submitter being the subject of an integrity X

investigation?
10. If, yes, consult the ODE Integrity Officer.
11. Has the ODE Integrity Officer given permission to proceed with the

review? (Blue Book Memo #191-2 and Federal Register 90NO332,
September 10, 1991.

I-

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



510(k) "SUBSTANTIAL EQUIVALENCE"
DECISION-MAKING PROCESS

New Device is Compared to A
Marketed Device *

Descriptive Information Does New Device Ha Same NO Do the Differences Alter the Intended Not Substantialiv
about New or Marketed Indication Statement TherapeuticlDiagnostic/etc, Effect YES Equivalent Determination

Device Requested as Needed Deciding, May Consider Impact on
YES So e .fnectiveness)?**

New Device Has Same Intended NO
Use and May be "Substantially E *

Newv Device Has O
New Intended Use

Does New Device Have Sa
Technological Characteristic NO Could the New
e.g. Design, Materials, etc.? 1 Characteristics Do the New Characteristics

YES t Safet or - Raise New Types of Safety R O
Effecti eness. tiveness Questions?

NO Are the Descriptive NO
Characteristics Precise Enough NO

NO 8 to Ensure Equivalence? Q
Are Performance Data Do ccepted Scientific

Available to Asses Equivalence? YES ethods Exist for
A essing Effects of NO

the ew Characteristics?
YES o 0 1YES

Performance Are Per rmance Data Available NO
Data Required T Assess Effects of New

haracteristics? ***I YES
9

Performance Data Demonstrate Performance Data Demonstrate
Equivalence? I Equivalence? 4

INOYES 
YES NONO N

"Substantially Equivalent" A
To Determination To

* 510(k) Submissions compare new devices to marketed devices. FDA requests additional information if the relationship between
marketed and "predicate" (pre-Amendments or reclassified post-Amendments) devices is unclear.

** This decision is normally based on descriptive information alone, but limited testing information is sometimes required.

*** Data maybe in the 510(k), other 510(k)s, the Center's classification files, or the literature.
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December 20, 2010

Food and Drug Administration

Center for Devices and Radiological Health

Document Mail Center - WO66-G609

10903 New Hampshire Avenue

Silver Spring, MD 20993-0002

Room 2443

Attn: Vasant K. Dasika, PhD

Email: '»'asaalDasika@fda hhs^t

FDA CDRH DMC

dec 21 zota

Received

RE:

Biomedical Engineering Scientific Reviewer

Ear, Nose, and Throat Devices Branch

DONED/ODE/CDRH

US FDA

K102199 - Sophono Otomag Bone Conduction Hearing System
Request for Additional Information dated September 23, 2010

510(k) Applicant / Manufactured by:

Jim Kasic

President and CEO

Sophono Inc.

3022 Sterling Cr,

Boulder, CO 80301

510(k) Contact / Submission Correspondent:

Clay Anselmo

Reglera LLC

555 Zang Street

Lakewood, CO 80228 USA

Phone (Mobile): 303-907-2955

Fax: 303-832-6700

Email: anselmoc@reglera.com

Dear Dr. Dasika,

We received FDA's request for additional information dated September 23. 2009 in response to our 510(k)
application K102199. for the Sophono Otomag Bone Conduction Hearing System. To address the issues
raised in these requests for additional information, we are providing the following information in response for

your review.

The attached response reflects our response to the twenty (20) deficiencies listed in the September 23. 2010
Additional Information Request. Please note that we are including two hard copies of our complete response

and one electronic copy provided on CD.

If you have any questions or if further information is needed, please feel free to contact me at any time using the
contact information contained above. We greatly appreciate your time and attention to this matter.

Sincerely,

Clay Ansel

Submission Correspondent

Reglera LLC.

cc: Jim Kasic. Sophono Inc.
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December 20, 2010 
 
Food and Drug Administration 
Center for Devices and Radiological Health 
Document Mail Center – WO66-G609 
10903 New Hampshire Avenue 
Silver Spring, MD  20993-0002 
Room 2443  

 
 
Attn:  Vasant K. Dasika, PhD 
Email:  Vasant.Dasika@fda.hhs.gov  

 
 Biomedical Engineering Scientific Reviewer  
 Ear, Nose, and Throat Devices Branch 

DONED/ODE/CDRH  
US FDA  

 
RE:  K102199 – Sophono Otomag Bone Conduction Hearing System 

Request for Additional Information dated September 23, 2010 
 
510(k) Applicant / Manufactured by:   
Jim Kasic 
President and CEO   
Sophono Inc.  
3022 Sterling Cr,  
Boulder, CO 80301 
 

510(k) Contact / Submission Correspondent: 
Clay Anselmo 
Reglera LLC 
555 Zang Street 
Lakewood, CO  80228 USA 
Phone (Mobile): 303-907-2955 
Fax:   303-832-6700 
Email: anselmoc@reglera.com  

 
Dear Dr. Dasika, 
 
We received FDA’s request for additional information dated September 23, 2009 in response to our 510(k) 
application, K102199, for the Sophono Otomag Bone Conduction Hearing System.  To address the issues 
raised in these requests for additional information, we are providing the following information in response for 
your review. 
 

The attached response reflects our response to the twenty (20) deficiencies listed in the September 23, 2010 
Additional Information Request.  Please note that we are including two hard copies of our complete response 
and one electronic copy provided on CD. 
 
If you have any questions or if further information is needed, please feel free to contact me at any time using the 
contact information contained above. We greatly appreciate your time and attention to this matter. 
 

Sincerely, 

 

 
Clay Anselmo,  
Submission Correspondent 
Reglera LLC. 
 
cc: Jim Kasic., Sophono Inc. 

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118

mailto:Vasant.Dasika@fda.hhs.gov


 Sophono 510(k) K102199 – Request for Additional Information 
 

 

Deficiency 1:  

Response 1:  Per the FDA request, Sophono has updated its substantially equivalency section of the 
510(k) to include the Audiant Bone Conductor (ABC) cleared in K855059 and K861971 as a 
predicated device to address FDA’s concerns regarding the magnetic attachment technology 
employed by the Alpha 1(M) configuration of the device.  This revised section of the 510(k) 
now contains a complete comparison of the ABC device to the Alpha 1(M) device. As is now 
shown in the comparison table contained in the SE section, the ABC device has the same 
intended use as the Alpha 1(M) device, and similar technological characteristics.  Specifically, 
the ABC device employs the same magnetic attachment technology as the Alpha 1(M) 
device. 

Deficiency 2: 

Response 2: 
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Deficiency 3:

 

Response 3:
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Deficiency 4: 

Response 4: 

 

 

Deficiency 5: 

Response 5: 
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Deficiency 6:

Response 6: 
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Deficiency 7: 

Response 7: 
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Deficiency 8: 

Response 8: 
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Deficiency 9:

 

Response 9: 

 

 

 

 Page 13 of 31 
                                                
                                       Page 13 of 289

(b)(4) 

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



 Sophono 510(k) K102199 – Request for Additional Information 
 

 

 Page 14 of 31 
                                                
                                       Page 14 of 289

(b)(4) 

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



 Sophono 510(k) K102199 – Request for Additional Information 
 

 

 

 Page 15 of 31 
                                                
                                       Page 15 of 289

(b)(4) 

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



 Sophono 510(k) K102199 – Request for Additional Information 
 

 

Deficiency 10: Under the section of Risks that may occur during surgery (Page 68 of 192), you state that 
“These include pain, blood clots, and/or circulatory problems, infection, cardiac arrest, post-
cholesteatoma, and even death. Specific risks related to operating on the mastoid include 
infection, inflammation, numbness or stiffness about the ear, disturbance of taste or balance 
and noticeable changes in head noise.” Please address the following concerns regarding 
these risks. 

a) Although most of your described risks are understandable, please clarify how you expect 
the risk of “post cholesteatoma” and “Disturbance of taste and balance” to occur in the 
procedure you propose for the implantation of the magnetic implant, without 
transgressing the middle ear or in the vicinity of the mastoid area. 

b) Your list of risks that may occur during surgery does not include some critical risks of 
dural exposure, CSF leak, perforation of sigmoid sinus, and subdural hematoma. Please 
include these potential risks to your list of risks during surgical procedure. 

Response 10a: Sophono agrees with FDA’s comments regarding “post cholesteatoma” and “disturbance of 
taste and balance”.  The Alpha 1(M) magnetic implant does not transgress the middle ear nor 
the vicinity of the mastoid area, the risks of “post cholesteatoma” and “disturbance of taste 
and balance” are not likely in this application and have been removed from this labeling.  
Refer to the text below and Appendix 4 for the revised version of the Physician Manual. 

Response 10b: Per FDA’s request, the risks of dural exposure, CSF leak, perforation of sigmoid sinus and 
subdural hematoma have been added to the Physician Manual. Refer to the text below and 
Appendix 4 for the revised version of the Physician Manual. 

Risks that may occur during surgery: 

The risks involved in surgery and complications related to surgery include the normal 
risks of the operative procedure and general anesthesia.  These include pain, blood clots, 
and/or circulatory problems, infection, cardiac arrest, and even death.  Specific risks 
related to operating on the mastoid include infection, inflammation, numbness or stiffness 
about the ear, dural exposure, CSF leak, perforation of sigmoid sinus, subdural 
hematoma and noticeable changes in head noise. 

 

 Page 16 of 31 
                                                
                                       Page 16 of 289

(b)(4) 

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



 Sophono 510(k) K102199 – Request for Additional Information 
 

 

Deficiency 11: In the Section of Risks that may occur after surgery (Page 68 of 192), you describe that 
“Potential risks related to the implant following surgery include infection, reparative 
granuloma and inflammatory reaction. It is possible that a reaction to the implant materials 
and or failure of the implanted device can occur and may necessitate an operation to remove 
and/or replace the implant.” This list does not include the risk of skin breakdown or skin 
necrosis. Please add this risk to the list. 

Response 11: Per FDA’s request, the risks of skin breakdown or skin necrosis have been added to the 
Physician Manual. Refer to the text below and Appendix 4 for the revised version of the 
Physician Manual. 

Risks that may occur after surgery: 

Potential risks after surgery include inflammation and complications associated with 
general anesthesia.  Potential risks related to the implant following surgery include 
infection, reparative granuloma, inflammatory reaction, skin breakdown or skin necrosis. 
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Deficiency 12: You do not address several issues that impact on the potential for surgical site infections 
postoperatively.  Please address the following: 

a) Your magnets appear to be implanted in a hair-bearing area. Surgeries in hair-bearing 
areas are at risk for surgical site infections (Mangram et al., 1999). Your Surgeon’s 
manual does not address the removal of hair from the surgical area preoperatively. 
Please address this concern. 

b) You do not advise any skin preparation (topical antimicrobials) prior to making the skin 
incision. Please address this concern and revise your Surgeon’s instructions if indicated. 

c) You do not advise any antibiotic prophylaxis for implanted patients. Please discuss 
whether antibiotic prophylaxis is recommended with your implants and revise the 
Surgeon’s instructions if indicated. 

References:   

Fairbanks, D. N. F. (2007). Pocket Guide to Antimicrobial Therapy in Otolaryngology-Head  
and Neck Surgery (13

th
 Ed.) Alexandria, VA: The American Academy of Otolaryngology- 

Head and Neck Surgery Foundation. Available from  
http://www.entnet.org/EducationAndResearch/upload/AAO-PGS-9-4-2.pdf   
 
Mangram, A. J., Horan, T. C., Pearson, M. L., Silver, L. C., Jarvis, W. R., & HICPAC.  
(1999). Guideline for Prevention of Surgical Site Infection, 1999. Atlanta, GA: USDHHS /  
PHS / CDC / NCID / HIP. Available from  
http://www.cdc.gov/ncidod/dhqp/pdf/guidelines/SSI.pdf  

Response 12: As requested by FDA in Parts a and b of this deficiency, the Physician Manual has been 
updated to address the removal of hair from the surgical area preoperatively as well as skin 
preparation (topical antimicrobials) prior to making the skin incision. The following section has 
been added to the Physician Manual. 

Surgical Site Preparation: 

The hair should be clipped and the scalp shaved at the incision site immediately before 
surgery.  With the incision site skin free of gross contamination, apply antiseptic (such as 
iodophors, alcohol-containing products, or chlorhxidine gluconate) in the area of the 
proposed incision to an area large enough to allow for the extension of the incision or 
creation of a new incision or drain sites (if necessary). 

Although under typical circumstances antibiotic prophylaxis would not be necessary, per the 
FDA’s request in Part (c) of this deficiency, the Physician Manual has been updated to 
address antibiotic prophylaxis.  The following section has been added to the physician 
manual.   

Pre-Surgical Antibiotic Prophylaxis: 

Antibiotic prophylaxis should be considered if the surgeon determines that this surgical 
procedure may be associated with a considerable risk of infection or if a post operative 
infection would cause a serious hazard to the patient’s recovery or well being. 
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Deficiency 13: Your implant is steam sterilized by the end user facility immediately prior to surgical 
implantation. You advise that the user facility does not need to clean the implant and you 
describe a no-touch technique for transferring the implant from your package to the user 
facility’s sterilization pouch. Your Surgeon’s instruction manual (p. 11) mentions a container 
with a screw cap coming from the manufacturer. Please address the following: 

a) Please fully describe your primary, secondary and tertiary packaging for the implant as 
applicable to complete the record and to assist our evaluation of your user instructions. 

b) Please provide assurance that your manufacturing process removes both inorganic and 
organic residues prior to packaging. This information can be briefly summarized in one or 
two paragraphs. 

c) Please state whether your manufacturing process renders the implant to have less than 
0.5 EU / ml or < 20 endotoxin units / device per AAMI ST72: 2002 Bacterial endotoxins – 
Test methodologies, routine monitoring, and alternatives to batch testing or USP <85> 
Bacterial Endotoxins Test. Please address the case of bilateral implants. 

d) You describe the recommended sterilization pouch for the end user facility by 
manufacturer and part number. Please expand this description (Surgeon’s manual p. 12) 
to include the materials and size of the pouch to better assure that the validated 
conditions are replicable by the end user facility. 

Response 13a: Per the FDA’s request in Part (a) of this deficiency, the following paragraphs briefly describe 
the primary, and secondary packaging for the implant.  There is currently no tiertiary 
packaging.  In addition, the device description has been updated to contain this information.  
The revised device description is included in Appendix 3 and the packaging specifications 
can be found in Appendix 9 of this response. 

Primary Packaging 

The primary packaging for the Alpha 1 (M) Sound Processor Implantable Device is a high 
density polyethylene (HDPE) tube (P/N S0072) with a screw top lid supplied by the 
Implant Vendor (Eberle EFS).   The lid is covered with a perforated shrink band to 
provide a tamper- evident seal. This package is opened by the clinician at the time the 
implant is transferred into the sterilization pouch described in the labeling. The implant 
label is placed on the primary package.  This label contains key symbols, the words 
“Non-Sterile”, the serial number of the implant, quantity, and manufacturer information. 

Secondary Packaging 

The secondary packaging consists of a small corrugated box (8”x6”x1.5”, P/N S0043) into 
which the primary packaging is inserted along with a copy of the Physician’s Manual. The 
box is sealed with packaging tape and the shipping contents label is applied to the 
outside of the box.  The exterior label on this package appears as follows: 
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Otomag  Alpha 1(M) Bone Conduction Hearing System (Implant) 

Manufacturer:   
Otomag GmbH Alte Dorfstrasse 67, 32289 Rödinghausen, Germany.  Tel: +49 5746 8504  Fax: +49 5746 8578 
Distributed by: Sophono, Inc. 3022 Sterling Circle, Suite 100, Boulder, C0 80301 USA.  Tel: +1(720) 407 5160  Fax: 1 720 
4075168 

Made In Germany Label P/N S0075-00 

   Contents: 
1     Magnetic Implant 
1     Physician Manual 
 
 

Device Intended for Single Patient Use Only! 

 
 

 

Response 13b:

Response 13c:

Response 13d: Per the FDA’s request in Part (d) of this deficiency, the Physician Manual has been updated to 
contain additional sterilization pouch information to ensure the validated conditions are 
replicatable by the end user. The updated Physician Manual is contained in Appendix 4, and 
the text that was added to address this deficiency is as follows: 

Sterilization Pouch Information 

To ensure the validated parameters are replicated appropriately, the following is to be 
used to individually pouch each implant prior to performing the sterilization cycle: 

Manufacturer: Cardinal Health, http://www.cardinal.com, 800.964.5227 
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Catalog Number: 92510 

Size:  5.5” x 10” Paper Self Seal Pouch 

Materials:  Arjowiggins 60g/m2 Paper / CN PET 12/CPP40 Micron 

Total Product Area: 0.035 m2 

Paper Area:  0.035 m2 

Ink:   Medical Grade 

 

 

Caution 
 Refer to the original manufacturer’s instructions for use for 

specific directions on how to appropriately use these 
sterilization pouches.   
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Deficiency 14: You advise that titanium screws must be used to fix your implant to the patient’s mastoid 
bone. Please address the following: 

a) Please clarify if you supply the titanium screws or if you recommend the use of screws 
available from another vendor. If the latter, please detail in your Surgeons’ instruction 
manual the material, length, width and any other important features of the screws that 
should be used. In addition, you should advise users of the exact screws that have been 
validated as compatible and optimal, by manufacturer, device name, and part number. 
Your instructions should make it clear that the screws must be sterile and should either 
provide sterilization instructions or should refer to the original manufacturer’s instructions 
for sterilization, unless the screws are provided sterile from the manufacturer. 

b) Most bone screw / implant systems involve “rescue screws.” Please advise users what 
they should do if the initial attempt to place a screw doesn’t work, and what the maximum 
screw size is that can be used with your device. 

 

Response 14: To address FDA’s concern, the information regarding the screws to be used to attach the 
implant has been supplemented to: 

• Fully specify the screws to be used including manufacturer, description, and part 
number 

• Specify that the screws must be sterile and that the physician must follow the 
manufacturer’s instructions related to use and sterilization (if purchased non-sterile) 

• Specify an emergency “Rescue” screw to be used in the event of problems with 
placement of the original screw.  This includes information on the maximum screw size 
that can be used with the implant. 

The following additions have been made to the Physician Manual.  Please refer to Appendix 
4 for a copy of the revised manual.  Appendix 14 contains validation protocols and reports 
related to the screw sizes specified in the revised Physician Manual.   

Alpha 1 (M) System:   Compatible Screws 

 

Notes 
 The Alpha 1 (M) implant requires 5 screws for implantation 

that are NOT included with the implant. 
 

Screws 

The Alpha 1 (M) implant requires 5 screws to be used to affix the implant to the skull.  
These screws are NOT included as part of the Alpha 1 (M) implant system and must be 
obtained separately. 

The implant bracket holes are sized to accept Stryker/Leibinger 1.7 mm diameter 
Craniomaxillofacial titanium Self Tapping Screws, (Gold) and 1.7 mm diameter Self 
Drilling Screws (Silver) in 4 mm lengths and 1.9 mm Emergency Screws (Purple) in 3 mm 
lengths. 
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 Page 23 of 31 

Craniomaxillofacial 
Titanium Screws 

1.7 mm dia.  x 
4.0 mm  

Self Tapping 

1.7 mm dia. x 
4.0 mm 

Self Drilling 

1.9 mm dia. x  
3.0 mm 

Emergency 
Stryker/Leibinger 

Part Numbers 50-17004 50-17904 50-19003 

While all screw sizes / types specified above have been validated for this application, the 
Stryker/Leibinger 1.7mm x 4 mm self drilling screws, part number 50-17904 is considered 
optimal. 

Other commercially available craniomaxillofacial titanium screws may be used as long as 
the screw shaft diameter is less than 2.0 mm and the screw head size is greater than 
2.45 mm.  Screw must be 4 mm in length (3mm for emergency screws). 

The screws must be sterile prior to implantation.  If the screws are not purchased sterile, 
refer to the screw manufacturer’s instructions for sterilization. 

 

Warning 
 Purchased screws may be provided non-sterile and if so 

must be sterlized prior to implantation according to the 
manufacturers instructions.  Failure to sterilize appropriate 
can result in serious infection. 

 

 

Caution 
 Refer to the screw’s original manufacturer’s instructions for 

use for specific directions on how to use the screws.   

If the initial attempt to place a screw does not work and the screw hole becomes 
“stripped” emergency “rescue” screws can be threaded into the stripped hole.  The 
largest size screw that can be used is 1.9 mm in diameter. 
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Deficiency 15: You advise users (Surgeon’s manual, p. 11) that they must follow your sterilization 
instructions precisely. Please address the following: 

a) You state (Surgeon’s manual, p. 12) that either pre-vacuum or gravity steam 
sterilization can be utilized for an exposure time of 15 minutes minimum at 132 
degrees C. While this time and temperature are common hospital gravity steam 
sterilizer parameters, they are uncommon (and unvalidated per your Nelson Labs 
report) parameters for prevacuum steam sterilization (per AAMI ST79: 2006 and A1: 
2008 and A2: 2009 consolidated text, Tables 4 & 5 Comprehensive guide to steam 
sterilization and sterility assurance in healthcare facilities). Please remove your 
recommendation for pre-vacuum steam sterilization, or perform and document a pre-
vacuum steam sterilization validation for your implant. 

b) Your gravity steam sterilization validation study report does not state the chamber 
size utilized for the study. Please provide assurance that a hospital-sized sterilization 
chamber was used, and that neither an industrial-sized, nor a table-top sized 
chamber were used. 

Response 15a: Per the FDA’s request in Part (a) of this deficiency, the Physician Manual has been 
updated to remove the recommendation for pre-vacuum steam sterilization. The updated 
Physician Manual is contained in Appendix 4, and the text that was added to address this 
deficiency now reads as follows: 

• Limitations on Reprocessing: Single Sterilization Only 

• Presterilization Decontamination / Cleaning / Disinfection: None Required 

• Cycle Type: Gravity 

• Sterilization Time: 15 minutes minimum 

• Sterilization Cycle Temperature: 132 degrees C / 270 degrees F 

• Drying Time: 30 minutes minimum 

• Packaging: Cardinal Health Self Sealing Autoclave Pouch (P/N 92510) 

• Storage in Sterile State: Not Allowed – Sterilization immediately pre-implant only 

Response 15b: In response to FDA’s request for additional information in Part b. of this deficiency, the 
sterilization chamber used for the validation study report has been clarified via an 
amended Steam Sterilization Validation Report contained in Appendix 16.  The chamber 
that was used in the original study was and FDA cleared, hospital sterilization chamber 
with the following specifications.  Our used of the device in the study was consistent with 
the cleared intended use of the device: 

Manufacturer: Steris (Amsco) 

Model Number: SV-120 

Size:  Size 16” x 16” x 26” 

510K Number: K030789 
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Deficiency 16: You do not recommend (Surgeon’s instruction manual, p. 12) or validate (Attachment D) 
a drying time for your implanted magnets. Please address the following: 

a) In your Surgeon’s manual (p.11), in the section where you describe the preparation of 
the implant for sterilization, you state “Drying of the device is not required.” This 
statement seems to be illogically placed and not relevant to the preparation for 
sterilization, since none of your recommended preparation steps involve making the 
implant wet. Please justify or delete this statement. 

b) Your Nelson Labs sterilization validation protocol (Attachment D) includes a plan and 
method for validating drying associated with steam sterilization. However, the 
sterilization validation study report contains no validation of drying, and therefore it 
appears that a drying validation was not conducted. We believe that a drying 
validation study is necessary. Please explain the discrepancy between your protocol 
and validation study report and justify the lack of a drying validation study. 
Alternatively, please submit the missing drying validation study. 

As communicated in “Labeling Reusable Medical Devices for Reprocessing in Health 
Care Facilities: FDA Reviewer Guidance” (available at 
http://www.fda.gov/cdrh/ode/198.pdf), manufacturers are responsible for including at least 
one validated, technically feasible sterilization method in their product labeling.  Each 
sterilization instruction should include all critical cycle parameters. We regard drying as a 
critical cycle parameter, because wet instrument pouches exposed to environmental air 
and surfaces can become contaminated by microbes on strike through (i.e., wicking). 
Even though your implant is to be sterilized immediately before the surgery, we believe it 
must go through the drying part of the steam cycle in order to maintain sterility during 
preoperative handling. 

Response 16a: Per the FDA’s request in Part (a) of this deficiency, the Physician Manual has been 
updated to remove the statement “Drying of the device is not required”.  Refer to the 
Response to 15(a) above and Appendix 4 to this response for the revised version of the 
Physician Manual.  

Response 16b: Per the FDA’s request in Part (b) of this deficiency, a drying validation study was 
completed and the results of the study are contained in Appendix 17. The study validated 
a minimum drying time of 30 minutes to achieve the <3% residual moisture (from AAMI 
TIR 12, 2004).  The sterilization cycle in the Physician Manual has been revised to 
contain the specifications for drying time as shown in the response to Deficiency 15(a) 
above. 
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Deficiency 17:

Response 17: 
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Deficiency 18: Your sterility validation contractor, Nelson Labs, cites a number of standards and 
guidance documents that guide their methods. You submit declarations of conformance 
for just two of these. You should submit a declaration of conformance form (FDA form 
3654) for each standard or guidance cited by Nelson labs. 

Response 18: Per the FDA’s request in this deficiency, the submission has been updated to include 
declarations of conformance for the standards cited in the Steam Sterilization Validation 
Report and copies of our revised Declaration of Conformity and additional Forms 3654 
are included in Appendix 10.  We now additionally claim limited or full compliance with 
the following additional standards: 

• AAMI TIR 12:2004 Designing, testing and labeling reusable medical devices for 
reprocessing in health care facilities: A guide for medical device manufacturers 

• AAMI/ANSI ST8:2008, Hospital steam sterilizers 

• AAMI/ANSI ST67:2003/(R) 2008,Sterilization of health care products – 
Requirements for products labeled “STERILE” 

• AAMI / ANSI ST77:2006, Containment devices for reusable medical device 
sterilization 

• AAMI/ANSI ST79:2006,A1:2008,A2:2009 Comprehensive guide to steam 
sterilization and sterility assurance in health care facilities 

• AAMI/ANSI ST81:2004, Information to be provided by the manufacturer for the 
processing of resterilizable medical devices 

• ASTM F136 – 08e1: Specification for Wrought Titanium-6 Aluminum-4 Vanadium 
ELI (Extra Low Interstitial) Alloy for Surgical Implant Applications (Added from 
Response 20) 

• ASTM F67-06: Standard Specification for Unalloyed Titanium, for Surgical Implant 
Applications (Added from Response 20) 
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Deficiency 19:

Response 19: 
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Deficiency 20

Response 20:
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Index of Appendices 
Appendix 1  Updated Substantial Equivalency Comparison 

Appendix 2   Updated Executive Summary 

Appendix 3   Updated Device Description 
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Appendix 5    Updated User Manual 

Appendix 6    Headband and Softband Static Force Test Protocol and Report (DG-38) / Implant 
Magnetic Coupling Static Force Test Protocol and Report (DG-39) 

Appendix 7   Implant Magnetic Coupling Tangential Static Force Test Protocol and Report (DG-41) 

Appendix 8   Measuring Vibration Output Across Device Configurations (DG-37) 

Appendix 9   Packaging Specifications (Primary – S0072 and Secondary – S0070) 
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• Indications for Use 
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Appendix 12   In-Process Test Procedure DG-44 specifying verification for “Loose Magnets” 

Appendix 13   Otomag Magnetic Implant Rattle Test after Cycling Loading Test Protocol and Report  
( ) 

Appendix 14   Sophono Screw Retention Force After 100yr Equivalent Cyclic Loading Protocol and 
Report ) / Implant Screw Retention After Vibration Exposure Protocol and 
Report ( ) 
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process) 
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Section 14: Substantial Equivalence Discussion 

1. INTRODUCTION 

1.1. Section 14 of this Traditional 510(k) identifies the predicate device and provides a 
detailed comparison between the modified device that forms the subject of this 
Traditional 510(k) and the predicate devices in order to demonstrate the substantial 
equivalence of the modified device to the predicates.  

2. PREDICATE DEVICE(S) 

2.1. The predicate devices for the modified version of the Otomag Bone Conduction 
Hearing System Alpha 1 (M) are the unmodified version of the Otomag device (Alpha 
1 (S) / K100193) and the Audiant Bone Conductor (K855059 and K861971).  The 
device changes presented in this 510(k) are substantially equivalent to the predicate 
devices in terms of: 

2.1.1. Intended Use 
2.1.2. Fundamental Technological Characteristics 

2.1.2.1. Device Performance 
2.1.2.2. Operating Principles 

2.1.3. Target User and Patient Populations 
2.1.4. Use Environment 

2.2. The changes to the device that are the subject of this 510(k) relate to the addition of 
another device configuration to the product family.  The additional configuration, 
called Alpha 1(M), includes a Magnetic Implant that is placed in bone beds behind 
and above the patient’s ear to provide for attachment of the sound processor without 
the use of the headband or softband.  This change impacts detailed engineering 
specifications and patient contact materials, but does not alter the overall 
performance of the device.  Due to the specificity of the Indications for Use statement 
for the prior version of the device, minor wording changes are also required. 
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3.

Page 14-2 of 10 

 SUBSTANTIAL EQUIVALENCE COMPARISON TABLE 

3.1. The following table summarizes and compares data on the Otomag Bone Conduction Hearing System cleared in K100193 (primary 
predicate device) and the Audiant Bone Conductor cleared in K855059 / K861971 (secondary predicate device) to the modified Alpha 1 
(M) version of the device that is the subject of this 510(k) submission.   

3.2. Section 4 following the comparison table discusses each difference between the unmodified version of the Otomag device (primary 
predicate) and the modified version (new device).  The Audiant Bone Conductor device is included as a predicate device, as requested 
by the FDA, to show that the magnetic attachment method employed by the Alpha 1 (M) version of the Otomag Bone Conduction 
Hearing device to attach the sound processor has been employed safely and effectively by other bone conduction hearing devices.  The 
Audiant device has the same intended use and utilizes similar technological characteristics as shown in the table below, and is therefore 
an appropriate secondary predicate device for this submission.  Other technological differences between the modified Otomag device 
and the Audiant device are not relevant to it use in addressing the magnetic attachment method employed by the Alpha 1(M) 
configuration, and relate to the electromagnetic approach used by the Audiant device to vibrate the implanted magnet.  This technology 
is not employed by the Alpha 1(M) version of the Otomag device. 
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Specification / 
Characteristic 

Original Otomag Bone 
Conduction Hearing System 
K100193 (predicate device) 

Audiant Bone Conductor (ABC) 
K861971(predicate device) Modified Otomag Bone 

Conduction Hearing System Comparison 

Classification 874.3300 874.3300 874.3300 Identical to both 
predicates 

Class Class II Class II Class II Identical to both 
predicates 

Product Code LXB LXB LXB Identical to both 
predicates 

Intended Use 

Improvement of hearing for patients 
with conductive and mixed hearing 
losses, bilateral fitting, and single-
sided deafness 

The Audiant Bone Conductor is a 
device for Conductive Hearing Loss 
not correctable by conventional 
reconstructive surgery 

Improvement of hearing for patients 
with conductive and mixed hearing 
losses, bilateral fitting, and single-
sided deafness 

Identical to Alpha 
1(S) 

Substantially 
Equivalent to ABC 

Indications for Use 

The Otomag Alpha 1 Sound Processor is intended for 
use with the Otomag Headband or Otomag Softband 
(no age limitations) for the following patients and 
indications: 
• Patients with conductive or mixed hearing losses, 

who can still benefit from amplification of sound. 
The pure tone average (PTA) bone conduction 
(BC) threshold for the indicated ear should be 
better than 45 dB HL (measured at 0.5, 1, 2, and 3 
kHz). 

• Bilateral fitting is applicable for most patients 
having a symmetrically conductive or mixed 
hearing loss. The difference between the left and 
right sides’ BC thresholds should be less than 
10dB on average measured at 0.5, 1, 2, and 4 
kHz, or less than 15 dB at individual frequencies. 

• Patients who have a profound sensorineural 
hearing loss in one ear and normal hearing in the 
opposite ear, who for some reason will not or 
cannot use an AC CROS. The pure tone average 
(PTA) air conduction (AC) threshold of the hearing 
ear should be better than 20 dB HL (measured at 
0.5, 1, 2 and 3 kHz). 

The Otomag Alpha 1 (S) Sound Processor is intended 
to be connected to the Otomag Headband or 
Softband. 

The Audiant Bone Conductor is a device for  
Conductive Hearing Loss not correctable by 
conventional reconstructive surgery 
The ABC will, in most cases, essentially close the air-
bone gap.   
The patients hearing acuity with the ABC will be limited 
to the patients sensorineural acuity (cochlear reserve). 
In most cases, the ABC patient will not attain hearing 
thresholds less than (better than) the patients pre-op 
audiometric bone conduction thresholds. 
A prospecitve patients’s performance with the ABC 
can generally be predicted by the results obtatined with 
a convetional Bonde Conduction Hearing Aid.  
Subjective sound qality and compfort may be higher 
with the ABC, however. 
Any prospective ABC patient who has not attempted to 
utilize a convetional B.C. aid should be allowed a trial 
evaluation of the same and offered the choice of a 
B.C. aid or the ABC before implantation. 
In general, the prospective ABC candidate should 
meet all of the following criteria: 
• A high level of commitment and complete 

understanding of the implications of surgical 
implantation. 

• Inability or demonstrated unwillingness to utilize a 
conventionla air or bone conduction hearing aid.  
A conventional aid should be adequately trialed by 

The Otomag Alpha 1 Sound Processor is intended for 
use with the Otomag Headband or Otomag Softband 
(no age limitations), or with the Otomag Magnetic 
Implant (patients 5 years of age and up) for the 
following patients and indications: 
• Patients with conductive or mixed hearing losses, 

who can still benefit from amplification of sound.  
The pure tone average (PTA) bone conduction 
(BC) threshold for the indicated ear should be 
better than 45 dB HL (measured at 0.5, 1, 2, and 3 
kHz).  

• Bilateral fitting is applicable for most patients 
having a symmetrically conductive or mixed 
hearing loss.  The difference between the left and 
right sides’ BC thresholds should be less than 
10dB on average measured at 0.5, 1, 2, and 4 
kHz, or less than 15 dB at individual frequencies.  

• Patients who have a profound sensorineural 
hearing loss in one ear and normal hearing in the 
opposite ear, who for some reason will not or 
cannot use an AC CROS.  The pure tone average 
(PTA) air conduction (AC) threshold of the hearing 
ear should be better than 20 dB HL (measured at 
0.5, 1, 2 and 3 kHz).  

 

Substantially 
Equivalent – See 
discussion below 
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Original Otomag Bone Audiant Bone Conductor (ABC) 
K861971(predicate device) Specification / Modified Otomag Bone 

Characteristic Conduction Hearing System Comparison Conduction Hearing System K100193 (predicate device) 
the patient. 

• A substantial bilateral conductive impairment with 
adequate sensori-neural acuity.  Audiometric bone 
conduction thresholds in the speech frequencies 
(500, 1K, 2K) on the implant side should:  
o Average not more than 25 dB 
o Contain no individual frequency greater than 

40. 
• Unaided speech reception threshold not less than 

40 dB in the impanted ear seech discrimination 
score of not less than 80%. 
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Original Otomag Bone Audiant Bone Conductor (ABC) Specification / Modified Otomag Bone 
Characteristic Conduction Hearing System 

K100193 (predicate device) 
K861971(predicate device) Comparison Conduction Hearing System 

Design 

A sound processor transmits sound 
vibrations that are conducted 
through the patients bone rather 
than via the middle ear - a process 
known as direct bone conduction. 

A sound processor transmits sound 
vibrations that are conducted 
through the patient’s bone rather 
than via the middle ear - a process 
known as direct bone conduction. 

A sound processor transmits sound 
vibrations that are conducted 
through the patient’s bone rather 
than via the middle ear - a process 
known as direct bone conduction. 

Identical to both 
predicates 

Sound Processor 

Sound Processor consists of an 
internal electronic transducer, a 
battery, volume and programming 
controls, and an internal or external 
microphone within a plastic housing.

Sound Processor consists of an 
external electronic transducer, a 
battery, volume controls, and an 
external microphone within a plastic 
housing. 

Sound Processor consists of an 
internal electronic transducer, a 
battery, volume and programming 
controls, and an internal or external 
microphone within a plastic housing.

Identical to Alpha 
1(S) 

Substantially 
Equivalent to ABC 

Transducer Traditional bone conduction 
transducer 

Inductive coupling of an external 
magnet and coil to an implanted 
magnet 

Traditional bone conduction 
transducer 

Identical to Alpha 
1(S) 

Power Supply Zinc-air battery AA battery Zinc-air battery 

Identical to Alpha 
1(S) 

Substantially 
Equivalent to ABC 

Sound Processing Digital Analog Digital Identical to Alpha 
1(S) 

Patient Fitting 

Individual adjustment to patient 
audiogram and needs by a 
computer based fitting system used 
by the audiologist 

Simple volume control 

Individual adjustment to patient 
audiogram and needs by a 
computer based fitting system used 
by the audiologist 

Identical to Alpha 
1(S) 

Frequency 
Processing Range 125 – 8kHz 336– 12kHz 125 – 8kHz Identical to Alpha 

1(S) 
Max Gain (60dB 
SPL) 38 dB Unavailable 38 dB Identical to Alpha 

1(S) 
Acousto-Mechanical 
Gain at 60 dB SPL 
and 1600 Hz 

29 dB Unavailable 29 dB Identical to Alpha 
1(S) 

Accessories/Options Direct audio input via FM jack Telecoil Direct audio input via FM jack Identical to Alpha 
1(S) 
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Original Otomag Bone Audiant Bone Conductor (ABC) Specification / Modified Otomag Bone 
Characteristic Conduction Hearing System 

K100193 (predicate device) 
K861971(predicate device) Comparison Conduction Hearing System 

Patient Contact 
Materials for 
Biocompatibility 
Purposes (external 
device) 

Fotoplast-Lac Biocompatible plastic Fotoplast-Lac 

Identical to Alpha 
1(S) 

Substantially 
Equivalent to ABC 

Patient Contact 
Materials for 
Biocompatibility 
Purposes (external 
device) 

Titanium Grade 2 and 4  Titanium Grade 5 and Silicone 
Elastomer Titanium Grade 2 and 4  

Identical to Alpha 
1(S) 

Substantially 
Equivalent to ABC 

Sterilization Steam sterilization of surgical 
implant Provided Sterile Steam sterilization of surgical 

implant 

Identical to Alpha 
1(S) 

Substantially 
Equivalent to ABC 

Peak Output at 90 
dB SPL 115 dB 118 dB 115 dB 

Identical to Alpha 
1(S) 

Substantially 
Equivalent ABC  

Frequency range 
per ANSI S3.22-
2009  

280-5000 Hz 336– 12kHz 280-5000 Hz 

Identical to Alpha 
1(S) 

See Discussion 
Below 

Total harmonic 
distortion per ANSI 
S3.22-2009  

<3% 3-9% <3% 

Identical to Alpha 
1(S) 

Substantially 
Equivalent to ABC 

Equivalent input 
noise:   17 dB SPL Unavailable 17 dB SPL Identical to Alpha 

1(S) 
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Specification / 
Characteristic 

Original Otomag Bone 
Conduction Hearing System 
K100193 (predicate device) 

Audiant Bone Conductor (ABC) 
K861971(predicate device) Modified Otomag Bone 

Conduction Hearing System Comparison 

Battery current drain 0.95 mA 52 mA 0.95 mA Identical to Alpha 
1(S) 

Processor:  16 Band, 4 Channel WDRC Standard OP Amp 16 Band, 4 Channel WDRC Identical to Alpha 
1(S) 

Crossover 
Frequency Options   0-1.25, 0.25-2.75, 1.75-7.75 kHz None 0-1.25, 0.25-2.75, 1.75-7.75 kHz Identical to Alpha 

1(S) 

Compression Attack 
Time (minimum) 0.25 ms 1 ms 0.25 ms 

Identical to Alpha 
1(S) 

See Discussion 
Below 

Compression 
Release Time 
(maximum)  

8192 ms 350 ms 8192 ms 

Identical to Alpha 
1(S) 

See Discussion 
Below 

Patient Volume 
Control Wheel  38 dB Range Unavailable  38 dB Range Identical to Alpha 

1(S) 
Force Application 
Methods Headband or Softband Magnetic to implanted magnet Magnetic to implanted magnet 

(Alpha 1(M) Version) Identical to ABC 

Connection of 
implant to the skull Not Applicable 1 Titanium screw 5 Titanium Screws 

Substantially 
Equivalent – see 
discussion below 
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4. DISCUSSION OF DIFFERENCES 

4.1. The differences in specifications identified in the comparison table above between the 
predicate Otomag Bone Conduction Hearing device, the Audiant Bone Conductor and 
the modified version of the Otomag device, as reflected in the above SE table are 
discussed in the following paragraphs.  A detailed discussion of each device change 
is contained in Section 13 – Device Description / Description of Changes.   

4.2. The differences in specifications identified in the comparison table above between the 
predicate devices and the modified Otomag device as reflected in the above SE table 
are the following.   

4.2.1. Indications for Use: 
4.2.1.1. The changes in the Indications For Use statement simply add the 

additional Magnetic Implant version of the product to the overall 
statement including an age limitation for use of the Magnetic 
Implant configuration (Alpha 1(M)) to patients 5 years of age or 
older.  These changes do not impart a new intended use for the 
product and do not raise new questions of safety and 
effectiveness. 

4.2.2. Patient Contact Materials: 
4.2.2.1. The Magnetic Implant contains new patient contacting materials.  

The implant is made of   In accordance 
with the flowchart in FDA General Program Memorandum #G95-
1, Appendix C, the titanium material used in the implant and 
associated anchoring screws is not a polymer, is a metal alloy, 
and does not contain toxic substances, therefore biocompatibility 
requirements for the material are met.  The titanium material 
used in the magnetic implant is well established as 
biocompatible. The implant material for the Alpha1 (M) is 
biocompatible grade Titanium. See FDA Forms 3654 included for 
each grade of titanium used in the implant.  The implant material 
for the Audiant is biocompatible grade Titanium and silicone.  For 
this criteria the Alpha1 (M) implant and the Audiant implant can 
be considered substantially equivalent. The addition of new 
patient contact materials that are biocompatible does not raise 
new questions of safety and effectiveness. 

4.2.3. Sterilization: 
4.2.3.1. The Magnetic Implant is provided clean but not sterile and 

intended to be sterilized via gravity sterilization at the healthcare 
facility immediately prior to implantation.  The Physician’s Manual 
contains appropriate instructions for sterilization of the implant in 
accordance with the requirements of ISO 17664-1:2004: 
Sterilization of medical devices - Information to be provided by 
the manufacturer for the processing of resterilizable medical 
devices.  In addition, the specified sterilization cycle is a 
commonly available cycle and has been validated in accordance 
with ISO 17665-1:2006: Sterilization of Healthcare Products - 
Moist Heat - Part 1 Requirements for the Development, 
Validation, and Routine Control of Sterilization Process for 
Medical Devices.  The addition of an appropriately specified and 
validated sterilization cycle does not raise new questions of 
safety and effectiveness. 
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4.2.4. Force Application Method: 
4.2.4.1. The new Alpha 1(M) configuration of the device utilizes a 

magnetic field to apply the necessary force to the patient’s 
mastoid in order to appropriately conduct sound. The force 
generated by the magnetic field is adjustable through 5 different 
strength magnetic spacers provided with the product.  Validation 
was performed to show that the range of forces that can be 
generated using the variety of magnetic spacers meets 
specifications derived from national and international standards 
and is substantially equivalent to the forces generated by the 
softband and headband versions of the device. 

4.2.4.2. The approach of using a magnetic implant to attach the sound 
processor is employed by the Xomed Audiant Bone Conductor 
listed as an additional predicate in the table above.  The Audiant 
Bone Conductor cleared in K855059 and K861971 employs the 
same technology as the Alpha 1(M) configuration for the 
attachment of the sound processor.  See Section 4.3 below for a 
detailed discussion regarding the Audiant device. 

4.2.5. Connection of implant to the skull 
4.2.5.1. The Audiant implant is held to the skull with one 4 mm length 

screw whereas the Alpha1 (M) implant is held to the skull with 
five (5) 4 mm length screws.  Validation was performed on screw 
retention force for the Alpha1 (M) recommended screws and 
showed that the screw holding strength was significantly more 
than that generated by the attraction of the external magnetic 
spacer and that the screws are unlikely to dislodge over the 
expected lifetime of the product.  Therefore the Alpha1 (M) 
implant and the Audiant implant can be considered substantially 
equivalent. 

4.3. Audiant Device and Magnetic Attachment Method Detailed Discussion    

4.3.1. As with all bone conduction hearing devices that employ a headband or 
softband to secure the sound processes to the patient’s skull, the Otomag 
device utilizes a standard (external) bone conduction transducer and 
conducts sound via vibrations to the skull by vibrating the outside of the 
skin.  In this regard the Alpha 1(M) version of the Otomag device is identical 
to the previous Alpha 1(S) version.  However, the modified Alpha 1(M) 
version of the devices utilizes an implanted magnet to hold the external 
processor to the side of the head.  The Otomag magnet plays no part in the 
physical or mechanical workings of the transducer.  Similarly, the Audiant 
device also employs a samarium cobalt magnet implanted under the skin 
onto the skull.  This magnet assembly serves two independent purposes in 
the Audiant device.   
4.3.1.1. The first purpose of the Audiant implant magnet is to provide 

method of alignment / attachment of the external inductive coil 
assembly which contains an opposing polarity samarium cobalt 
magnet.  This attachment / alignment methods is identical to that 
employed by the Alpha 1 (M) configuration of the Otomag device. 
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4.3.1.2. The second purpose of the magnet, which is not employed by 
the Otomag device,  

  When the inductive field is 
activated by the sound processor then the implanted magnet is 
vibrated and this vibration is bone conducted to activate the 
cochlea and inner ear.  The Audiant implanted magnet both 
plays and active part in the signal transmission and works with 
the external magnet to hold the coil in place and to compress the 
skin.   

5. CONCLUSION 

5.1. The Intended Use of the modified version of Otomag Bone Conduction Hearing 
System remains the same as the predicate Alpha 1 (S) device (unmodified version) 
and is substantially equivalent to the Intended Use of the Audiant Bone Conductor 
Device. Performance data demonstrate that the modified device meet or exceed the 
applicable requirements.  

5.2. The modified version of the Otomag Conduction Hearing System is substantially 
equivalent to the predicate Otomag device cleared in K100193 and the Audiant cleared 
K855059 and K861971 and that the differences between the three devices: 

5.2.1. Do not raise any new issues of safety and effectiveness  
5.2.2. Do not amount to a change in the “fundamental scientific technology” of the 

device with regard to the Otomag predicate K100193 
5.2.3. Do not present any adverse health effect or safety risks to patients when 

used as intended. 
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3.2.1. 

3.2.2. 

3.2.3. 

Section 12: Executive Summary 

1. INTRODUCTION 

1.1. The following section contains the Executive Summary for the Otomag Bone 
Conduction Hearing System, including the Alpha 1(M) version.  This 510(k) is being 
submitted to add the Alpha 1 (M) configuration to the existing product family. 

2. DEVICE DESCRIPTION 

2.1. The Otomag Bone Conduction Hearing System is a family of sound processors and 
accessories that operate on the principle of bone conduction of sound vibrations.  The 
Otomag System consists of two distinct configurations; Alpha 1 (S) and Alpha 1 (M).   

2.1.1. In the Otomag Alpha 1 (S), the Otomag Sound Processor is attached 
magnetically to a headband or softband.  The headband or softband holds the 
sound processor against the head and vibration is transduced through direct 
contact with the patient’s skin and the bone below.   

2.1.2. In the Otomag Alpha 1 (M), the Otomag Sound Processor is attached 
magnetically to an implanted magnet assembly.  The magnetic field holds the 
sound processor against the head and vibration is transduced through direct 
contact with the patient’s skin and the bone below. The pressure applied by the 
magnetic attraction between the implant and the sound processor is equivalent 
to that in the Alpha 1 (S) configuration. 

2.2. The Otomag System is designed for use for those patients with conductive hearing loss, 
those patients who have sensorineural hearing loss up to 45 dB in combination with 
their conductive loss, and single sided deafness as defined in the indications for use.  
The prescriptive formula and adjustments available to the audiologist in the software 
allow for programming the Otomag System for individual patient hearing loss. 

3. INDICATIONS FOR USE  

3.1. The Intended Use for the device is identical to the predicate cleared in K100193.  

3.2. The Otomag Alpha 1 Sound Processor is intended for use with the Otomag Headband 
or Otomag Softband (no age limitations), or with the Otomag Magnetic Implant 
(patients 5 years of age and up) for the following patients and indications: 

Patients with conductive or mixed hearing losses, who can still benefit from 
amplification of sound.  The pure tone average (PTA) bone conduction (BC) 
threshold for the indicated ear should be better than 45 dB HL (measured at 
0.5, 1, 2, and 3 kHz).  
Bilateral fitting is applicable for most patients having a symmetrically 
conductive or mixed hearing loss.  The difference between the left and right 
sides’ BC thresholds should be less than 10dB on average measured at 0.5, 
1, 2, and 4 kHz, or less than 15 dB at individual frequencies.  
Patients who have a profound sensorineural hearing loss in one ear and 
normal hearing in the opposite ear, who for some reason will not or cannot 
use an AC CROS.  The pure tone average (PTA) air conduction (AC) 
threshold of the hearing ear should be better than 20 dB HL (measured at 
0.5, 1, 2 and 3 kHz).  
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4.1.1. 
4.1.2. 
4.1.3. 
4.1.4. 
4.1.5. 
4.1.6. 

4. CONTRAINDICATIONS 

4.1. Any factor that would cause a clinician to refer the patient for medical assessment will 
temporarily, or in some cases permanently, halt the process of hearing aid fitting. 
These factors include:  

A hearing loss of sudden onset;  
A rapidly progressing hearing loss;  
Pain in either ear;  
Tinnitus of sudden recent onset, or unilateral tinnitus;  
Unilateral or markedly asymmetrical hearing loss of unknown origin;  
Vertigo (e.g. dizziness) 

5. SUBSTANTIAL EQUIVALENCE 

5.1. The changes to the device that are the subject of this 510(k) relate to the addition of 
another device configuration to the product family.  The additional configuration, 
called Alpha 1(M) includes a Magnetic Implant that is placed in bone beds behind and 
above the patient’s ear to provide for attachment of the sound processor without the 
use of the headband or softband.  This change impacts detailed engineering 
specifications, labeling and patient contact materials, but does not alter the overall 
performance of the device.  Due to the specificity of the Indications for Use statement 
for the prior version of the device, minor wording changes are also required. 

5.2. The following table summarizes and compares data on the Otomag Bone Conduction 
Hearing System cleared in K100193 (primary predicate device) and the Audiant Bone 
Conductor cleared in K855059 / K861971 (secondary predicate device) to the 
modified Alpha 1 (M) version of the device that is the subject of this 510(k) 
submission.   
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Specification / 
Characteristic 

Original Otomag Bone 
Conduction Hearing System 
K100193 (predicate device) 

Audiant Bone Conductor (ABC) 
K861971(predicate device) Modified Otomag Bone 

Conduction Hearing System Comparison 

Classification 874.3300 874.3300 874.3300 Identical to both 
predicates 

Class Class II Class II Class II Identical to both 
predicates 

Product Code LXB LXB LXB Identical to both 
predicates 

Intended Use 

Improvement of hearing for patients 
with conductive and mixed hearing 
losses, bilateral fitting, and single-
sided deafness 

The Audiant Bone Conductor is a 
device for Conductive Hearing Loss 
not correctable by conventional 
reconstructive surgery 

Improvement of hearing for patients 
with conductive and mixed hearing 
losses, bilateral fitting, and single-
sided deafness 

Identical to Alpha 
1(S) 

Substantially 
Equivalent to ABC 

Indications for Use 

The Otomag Alpha 1 Sound Processor is intended for 
use with the Otomag Headband or Otomag Softband 
(no age limitations) for the following patients and 
indications: 
• Patients with conductive or mixed hearing losses, 

who can still benefit from amplification of sound. 
The pure tone average (PTA) bone conduction 
(BC) threshold for the indicated ear should be 
better than 45 dB HL (measured at 0.5, 1, 2, and 3 
kHz). 

• Bilateral fitting is applicable for most patients 
having a symmetrically conductive or mixed 
hearing loss. The difference between the left and 
right sides’ BC thresholds should be less than 
10dB on average measured at 0.5, 1, 2, and 4 
kHz, or less than 15 dB at individual frequencies. 

• Patients who have a profound sensorineural 
hearing loss in one ear and normal hearing in the 
opposite ear, who for some reason will not or 
cannot use an AC CROS. The pure tone average 
(PTA) air conduction (AC) threshold of the hearing 
ear should be better than 20 dB HL (measured at 
0.5, 1, 2 and 3 kHz). 

The Otomag Alpha 1 (S) Sound Processor is intended 
to be connected to the Otomag Headband or 
Softband. 

The Audiant Bone Conductor is a device for  
Conductive Hearing Loss not correctable by 
conventional reconstructive surgery 
The ABC will, in most cases, essentially close the air-
bone gap.   
The patients hearing acuity with the ABC will be limited 
to the patients sensorineural acuity (cochlear reserve). 
In most cases, the ABC patient will not attain hearing 
thresholds less than (better than) the patients pre-op 
audiometric bone conduction thresholds. 
A prospecitve patients’s performance with the ABC 
can generally be predicted by the results obtatined with 
a convetional Bonde Conduction Hearing Aid.  
Subjective sound qality and compfort may be higher 
with the ABC, however. 
Any prospective ABC patient who has not attempted to 
utilize a convetional B.C. aid should be allowed a trial 
evaluation of the same and offered the choice of a B.C. 
aid or the ABC before implantation. 
In general, the prospective ABC candidate should 
meet all of the following criteria: 
• A high level of commitment and complete 

understanding of the implications of surgical 
implantation. 

• Inability or demonstrated unwillingness to utilize a 
conventionla air or bone conduction hearing aid.  
A conventional aid should be adequately trialed by 
the patient. 

The Otomag Alpha 1 Sound Processor is intended for 
use with the Otomag Headband or Otomag Softband 
(no age limitations), or with the Otomag Magnetic 
Implant (patients 5 years of age and up) for the 
following patients and indications: 
• Patients with conductive or mixed hearing losses, 

who can still benefit from amplification of sound.  
The pure tone average (PTA) bone conduction 
(BC) threshold for the indicated ear should be 
better than 45 dB HL (measured at 0.5, 1, 2, and 3 
kHz).  

• Bilateral fitting is applicable for most patients 
having a symmetrically conductive or mixed 
hearing loss.  The difference between the left and 
right sides’ BC thresholds should be less than 
10dB on average measured at 0.5, 1, 2, and 4 
kHz, or less than 15 dB at individual frequencies.  

• Patients who have a profound sensorineural 
hearing loss in one ear and normal hearing in the 
opposite ear, who for some reason will not or 
cannot use an AC CROS.  The pure tone average 
(PTA) air conduction (AC) threshold of the hearing 
ear should be better than 20 dB HL (measured at 
0.5, 1, 2 and 3 kHz).  

 

Substantially 
Equivalent – See 
discussion below 

Page 12-3 of 12 
                                                
                                       Page 43 of 289

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Sophono Inc. - Traditional 510(k) Otomag Bone Conduction Hearing System   
Section 12: Executive Summary 
 

Original Otomag Bone Audiant Bone Conductor (ABC) Specification / Modified Otomag Bone 
Characteristic Conduction Hearing System 

K100193 (predicate device) 
K861971(predicate device) Comparison Conduction Hearing System 

• A substantial bilateral conductive impairment with 
adequate sensori-neural acuity.  Audiometric bone 
conduction thresholds in the speech frequencies 
(500, 1K, 2K) on the implant side should:  
o Average not more than 25 dB 
o Contain no individual frequency greater than 

40. 
• Unaided speech reception threshold not less than 

40 dB in the impanted ear seech discrimination 
score of not less than 80%. 
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Original Otomag Bone Audiant Bone Conductor (ABC) Specification / Modified Otomag Bone 
Characteristic Conduction Hearing System 

K100193 (predicate device) 
K861971(predicate device) Comparison Conduction Hearing System 

Design 

A sound processor transmits sound 
vibrations that are conducted 
through the patients bone rather 
than via the middle ear - a process 
known as direct bone conduction. 

A sound processor transmits sound 
vibrations that are conducted 
through the patient’s bone rather 
than via the middle ear - a process 
known as direct bone conduction. 

A sound processor transmits sound 
vibrations that are conducted 
through the patient’s bone rather 
than via the middle ear - a process 
known as direct bone conduction. 

Identical to both 
predicates 

Sound Processor 

Sound Processor consists of an 
internal electronic transducer, a 
battery, volume and programming 
controls, and an internal or external 
microphone within a plastic housing.

Sound Processor consists of an 
external electronic transducer, a 
battery, volume controls, and an 
external microphone within a plastic 
housing. 

Sound Processor consists of an 
internal electronic transducer, a 
battery, volume and programming 
controls, and an internal or external 
microphone within a plastic housing.

Identical to Alpha 
1(S) 

Substantially 
Equivalent to ABC 

Transducer Traditional bone conduction 
transducer 

Inductive coupling of an external 
magnet and coil to an implanted 
magnet 

Traditional bone conduction 
transducer 

Identical to Alpha 
1(S) 

Power Supply Zinc-air battery AA battery Zinc-air battery 

Identical to Alpha 
1(S) 

Substantially 
Equivalent to ABC 

Sound Processing Digital Analog Digital Identical to Alpha 
1(S) 

Patient Fitting 

Individual adjustment to patient 
audiogram and needs by a 
computer based fitting system used 
by the audiologist 

Simple volume control 

Individual adjustment to patient 
audiogram and needs by a 
computer based fitting system used 
by the audiologist 

Identical to Alpha 
1(S) 

Frequency 
Processing Range 125 – 8kHz 336– 12kHz 125 – 8kHz Identical to Alpha 

1(S) 
Max Gain (60dB 
SPL) 38 dB Unavailable 38 dB Identical to Alpha 

1(S) 
Acousto-Mechanical 
Gain at 60 dB SPL 
and 1600 Hz 

29 dB Unavailable 29 dB Identical to Alpha 
1(S) 

Accessories/Options Direct audio input via FM jack Telecoil Direct audio input via FM jack Identical to Alpha 
1(S) 
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Original Otomag Bone Audiant Bone Conductor (ABC) Specification / Modified Otomag Bone 
Characteristic Conduction Hearing System 

K100193 (predicate device) 
K861971(predicate device) Comparison Conduction Hearing System 

Patient Contact 
Materials for 
Biocompatibility 
Purposes (external 
device) 

Fotoplast-Lac Biocompatible plastic Fotoplast-Lac 

Identical to Alpha 
1(S) 

Substantially 
Equivalent to ABC 

Patient Contact 
Materials for 
Biocompatibility 
Purposes (external 
device) 

Titanium Grade 2 and 4  Titanium Grade 5 and Silicone 
Elastomer Titanium Grade 2 and 4  

Identical to Alpha 
1(S) 

Substantially 
Equivalent to ABC 

Sterilization Steam sterilization of surgical 
implant Provided Sterile Steam sterilization of surgical 

implant 

Identical to Alpha 
1(S) 

Substantially 
Equivalent to ABC 

Peak Output at 90 
dB SPL 115 dB 118 dB 115 dB 

Identical to Alpha 
1(S) 

Substantially 
Equivalent ABC  

Frequency range 
per ANSI S3.22-
2009  

280-5000 Hz 336– 12kHz 280-5000 Hz 

Identical to Alpha 
1(S) 

See Discussion 
Below 

Total harmonic 
distortion per ANSI 
S3.22-2009  

<3% 3-9% <3% 

Identical to Alpha 
1(S) 

Substantially 
Equivalent to ABC 

Equivalent input 
noise:   17 dB SPL Unavailable 17 dB SPL Identical to Alpha 

1(S) 
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Specification / 
Characteristic 

Original Otomag Bone 
Conduction Hearing System 
K100193 (predicate device) 

Audiant Bone Conductor (ABC) 
K861971(predicate device) Modified Otomag Bone 

Conduction Hearing System Comparison 

Battery current drain 0.95 mA 52 mA 0.95 mA Identical to Alpha 
1(S) 

Processor:  16 Band, 4 Channel WDRC Standard OP Amp 16 Band, 4 Channel WDRC Identical to Alpha 
1(S) 

Crossover 
Frequency Options   0-1.25, 0.25-2.75, 1.75-7.75 kHz None 0-1.25, 0.25-2.75, 1.75-7.75 kHz Identical to Alpha 

1(S) 

Compression Attack 
Time (minimum) 0.25 ms 1 ms 0.25 ms 

Identical to Alpha 
1(S) 

See Discussion 
Below 

Compression 
Release Time 
(maximum)  

8192 ms 350 ms 8192 ms 

Identical to Alpha 
1(S) 

See Discussion 
Below 

Patient Volume 
Control Wheel  38 dB Range Unavailable  38 dB Range Identical to Alpha 

1(S) 
Force Application 
Methods Headband or Softband Magnetic to implanted magnet Magnetic to implanted magnet 

(Alpha 1(M) Version) Identical to ABC 

Connection of 
implant to the skull Not Applicable 1 Titanium screw 5 Titanium Screws 

Substantially 
Equivalent – see 
discussion below 
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6.2.1. 

6.2.2. 

6.2.3. 

6.2.4. 

6. DISCUSSION OF DIFFERENCES 

6.1. The differences in specifications identified in the comparison table above between the 
predicate Otomag Bone Conduction Hearing device, the Audiant Bone Conductor and 
the modified version of the Otomag device, as reflected in the above SE table are 
discussed in the following paragraphs.  A detailed discussion of each device change 
is contained in Section 13 – Device Description / Description of Changes.   

6.2. The differences in specifications identified in the comparison table above between the 
predicate devices and the modified Otomag device as reflected in the above SE table 
are the following.   

Indications for Use: 
6.2.1.1. The changes in the Indications For Use statement simply add the 

additional Magnetic Implant version of the product to the overall 
statement including an age limitation for use of the Magnetic 
Implant configuration (Alpha 1(M)) to patients 5 years of age or 
older.  These changes do not impart a new intended use for the 
product and do not raise new questions of safety and 
effectiveness. 

Patient Contact Materials: 
6.2.2.1. The Magnetic Implant contains new patient contacting materials.  

The implant is made of   In accordance 
with the flowchart in FDA General Program Memorandum #G95-
1, Appendix C, the titanium material used in the implant and 
associated anchoring screws is not a polymer, is a metal alloy, 
and does not contain toxic substances, therefore biocompatibility 
requirements for the material are met.  The titanium material 
used in the magnetic implant is well established as 
biocompatible. The implant material for the Alpha1 (M) is 
biocompatible grade Titanium. See FDA Forms 3654 included for 
each grade of titanium used in the implant.  The implant material 
for the Audiant is biocompatible grade Titanium and silicone.  For 
this criteria the Alpha1 (M) implant and the Audiant implant can 
be considered substantially equivalent. The addition of new 
patient contact materials that are biocompatible does not raise 
new questions of safety and effectiveness. 

Sterilization: 
6.2.3.1. The Magnetic Implant is provided clean but not sterile and 

intended to be sterilized via gravity sterilization at the healthcare 
facility immediately prior to implantation.  The Physician’s Manual 
contains appropriate instructions for sterilization of the implant in 
accordance with the requirements of ISO 17664-1:2004: 
Sterilization of medical devices - Information to be provided by 
the manufacturer for the processing of resterilizable medical 
devices.  In addition, the specified sterilization cycle is a 
commonly available cycle and has been validated in accordance 
with ISO 17665-1:2006: Sterilization of Healthcare Products - 
Moist Heat - Part 1 Requirements for the Development, 
Validation, and Routine Control of Sterilization Process for 
Medical Devices.  The addition of an appropriately specified and 
validated sterilization cycle does not raise new questions of 
safety and effectiveness. 

Force Application Method: 
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6.2.5. 

7.1.1. 
7.1.2. 
7.1.3. 
7.1.4. 
7.1.5. 
7.1.6. 

8.2.1. 
8.2.2. 
8.2.3. 

6.2.4.1. The new Alpha 1(M) configuration of the device utilizes a 
magnetic field to apply the necessary force to the patient’s 
mastoid in order to appropriately conduct sound. The force 
generated by the magnetic field is adjustable through 5 different 
strength magnetic spacers provided with the product.  Validation 
was performed to show that the range of forces that can be 
generated using the variety of magnetic spacers meets 
specifications derived from national and international standards 
and is substantially equivalent to the forces generated by the 
softband and headband versions of the device. 

6.2.4.2. The approach of using a magnetic implant to attach the sound 
processor is employed by the Xomed Audiant Bone Conductor 
listed as an additional predicate in the table above.  The Audiant 
Bone Conductor cleared in K855059 and K861971 employs the 
same technology as the Alpha 1(M) configuration for the 
attachment of the sound processor.  See Section 4.3 below for a 
detailed discussion regarding the Audiant device. 

Connection of implant to the skull 
6.2.5.1. The Audiant implant is held to the skull with one 4 mm length 

screw whereas the Alpha1 (M) implant is held to the skull with 
five (5) 4 mm length screws.  Validation was performed on screw 
retention force for the Alpha1 (M) recommended screws and 
showed that the screw holding strength was significantly more 
than that generated by the attraction of the external magnetic 
spacer and that the screws are unlikely to dislodge over the 
expected lifetime of the product.  Therefore the Alpha1 (M) 
implant and the Audiant implant can be considered substantially 
equivalent. 

7. APPLICATION OF DESIGN CONTROLS 

7.1. In accordance with 21 CFR 820.30 all the changes described in this submission were 
subject to the Design Control Program and Associated Procedures of both Sophono 
and Otomag. The major elements of the Design Control System applied to these 
changes included: 

Design and Development Planning 
Development of Design Outputs 
Risk Analysis / Risk Management 
Verification and Validation 
Design Review 
Design Transfer 

8. SUMMARY OF PERFORMANCE TESTING 

8.1. As a result of the application of risk analysis and the differences identified in the 
substantial equivalency comparison table, the following verification and validation 
activities were completed to ensure that the differences between the original predicate 
device and the modified version of the Otomag Bone Conduction Hearing System do 
not raise new questions of safety and effectiveness. 

8.2. Risk Areas identified as a result of risk analysis included: 

Material Biocompatibility 
Implant Anchoring 
Force Application to patient skin / mastoid 

Page 12-9 of 12 
                                                
                                       Page 49 of 289

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Sophono Inc. - Traditional 510(k) Otomag Bone Conduction Hearing System   
Section 12: Executive Summary 
 

8.2.4. 

8.4.1. 

8.4.2. 

8.4.3. 

8.4.4. 

8.4.5. 

8.4.6. 

8.5.1. 

Sealing of Magnetic Implant 

8.3. The following section outlines the categories of Verification and Validation testing that 
were conducted and rationale for those areas where additional testing was 
unnecessary as a result of the scope of changes. 

8.4. Performance Testing: 
Implant Anchoring: Implant anchoring using titanium bone screws 
(Leibinger 4mm facial plating screws) were validated for this use in 
validation protocols  contained in Appendix C to 
this overall submission. 
Force Application: Validation was performed to show that the range of 
forces that can be generated using the variety of magnetic spacers meets 
specifications derived from national and international standards and is 
substantially equivalent to the forces generated by the softband and 
headband versions of the device.  This testing is documented in validation 
documents  contained in Appendix C to this 
overall submission. 
Sealing of Magnetic Implant: 

Sound Processor: The sound processor itself was not modified and 
therefore additional performance testing of this part of the device was not 
necessary 
Vibration Transmission: The method, mechanics, and materials used to 
transmit vibration from the sound processor to the patient are unchanged in 
the Alpha 1(M) configuration.  The metal disc and magnetic spacers used in 
the Alpha 1(M) configuration are identical in material and vibration 
application method to the Fotoplast encased magnets used in Alpha 1(S) 
configuration of the device (headband and softband versions).  Frequency 
response testing was completed for all configurations and is document in 

 contained in Appendix C to this overall submission. 
Magnet Anchoring:  Anchoring of the magnet within the titanium case for 
the implant was evaluated after cyclic magnetic loading of the implant 
assembly to simulate over 100 years of typical use.  The results of the 
testing showed no loosening of the magnets within the implant casing.  This 
testing is documented in DG-42 contained in Appendix C to this overall 
submission. 

8.5. Sterilization Validation including Sterile Packaging: 
The sterilization process specified in the Physician’s Manual was validated 
in accordance with ISO 17665-1:2006: Sterilization of Healthcare Products - 
Moist Heat - Part 1 Requirements for the Development, Validation, and 
Routine Control of Sterilization Process for Medical Devices.  The validation 
was performed by Nelson Laboratories and the protocol and final report 
documenting this validation is contained in Appendix D to this overall 
submission.  In addition, the Physician’s Manual contains the information 
required by ISO 17664-1:2004: Sterilization of medical devices - Information 
to be provided by the manufacturer for the processing of resterilizable 
medical devices. 

8.6. Contamination Testing of Non-Sterile Implant Assembly: 

Page 12-10 of 12 
                                                
                                       Page 50 of 289

(b)(4) 

(b)(4) 

(b)(4) 
(b)(4) 

(b)(4) 

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Sophono Inc. - Traditional 510(k) Otomag Bone Conduction Hearing System   
Section 12: Executive Summary 
 

8.6.1. 

8.7.1. 

8.8.1. 

8.9.1. 

8.10.1. 

8.11.1. 

9.2.1. 
9.2.2. 

Validation testing was performed to demonstrate that the finished magnetic 
implant assembly is not contaminated in any way that could affect its safety 
and efficacy. The validation test results included in Appendices B and C, 
demonstrate that contamination due to the manufacturing processes and 
handling is being adequately removed by final cleaning processes. Testing 
was performed on finished, packaged implants. The testing focused on 
microbial contamination, particulate contamination, endotoxins, and other 
process contaminants as listed below: 
8.6.1.1. Bio burden Level per DIN ISO 11737-1 
8.6.1.2. Particulate Contamination Level per ISO 8536-4 
8.6.1.3. Endotoxin/LAL per ANSI/AAMI ST72:2002 and the FDA 

Guidance documents describing LAL Testing. 
8.6.1.4. Cytotoxicity Testing per ISO 10993-5 

8.7. Biocompatibility Testing: 
In accordance with the flowchart in FDA General Program Memorandum 
#G95-1, Appendix C, the titanium material used in the implant and 
associated anchoring screws is not a polymer, is a metal alloy, and does not 
contain toxic substances, therefore biocompatibility requirements for the 
material are met.  The titanium material used in the magnetic implant is well 
established as biocompatible.  

8.8. Software: 
No changes were made to either the embedded software in the sound 
processor or the fitting software associated with the device; therefore no 
software testing is associated with this modification to the device. 

8.9. Electrical Safety Testing: 
The changes made to the modified version of the device have no 
effect/impact on electrical safety, and therefore no additional electrical 
safety testing was required. 

8.10. EMC Testing: 
The changes made to the modified version of the device have no 
effect/impact on EMC performance, and therefore no additional EMC testing 
was required. 

8.11. Animal / Clinical Testing 
Animal and Clinical studies were not deemed necessary to validate the 
changes in the Alpha 1(M) version of the device.  

9. CONCLUSION 

9.1. The Intended Use of the modified version of Otomag Bone Conduction Hearing 
System remains the same as the predicate Alpha 1 (S) device (unmodified version) 
and is substantially equivalent to the Intended Use of the Audiant Bone Conductor 
Device. Performance data demonstrate that the modified device meet or exceed the 
applicable requirements.  

9.2. The modified version of the Otomag Conduction Hearing System is substantially 
equivalent to the predicate Otomag device cleared in K100193 and the Audiant cleared 
K855059 and K861971 and that the differences between the three devices: 

Do not raise any new issues of safety and effectiveness  
Do not amount to a change in the “fundamental scientific technology” of the 
device with regard to the Otomag predicate K100193 
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9.2.3. Do not present any adverse health effect or safety risks to patients when 
used as intended. 
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Section 13: Device Description / Description of Changes 

1. General Introduction 
1.1. The following section contains both a detailed description of the device in its various 

configurations as well as a detailed description of the planned changes to the device 
which are the subject of this 510(k). 

1.1.1. The changes described in section 9 below introduce a new configuration into the 
Otomag Bone Conduction Hearing System family.  The new configuration (Alpha 
1(M)) uses an implantable magnet encased in titanium as a retention system for 
the sound processor instead of a headband or softband as was used in the prior 
version of the device cleared under K100193. 

1.1.2. The addition of the Alpha 1(M) configuration of the product requires no change in 
intended use of the device, but does require minor wording changes to the 
Indications for Use statement.  In addition, this new configuration introduces new 
material, performance and design specifications to the product as well as 
revisions to product labeling. No changes to software or to the sound processor 
are being made as a part of introducing this additional configuration. 

1.2. The content of the Device Description sections below (sections 2-8) are intended to fulfill 
the device description requirements from 21 CFR 807.87.  Section 9 is intended to 
describe in detail each planned device change. 

2. Device Introduction 

2.1. The Otomag Bone Conduction Hearing System is a family of sound processors and 
accessories that operate on the principle of bone conduction of sound vibrations.  The 
Otomag System consists of two distinct configurations; Alpha 1 (S) and the Alpha 1 (M).  
This 510(k) is being submitted to add the Alpha 1 (M) configuration to the existing 
product family. 

2.1.1. In the Otomag Alpha 1 (S), the Otomag Sound Processor is attached 
magnetically to a headband or softband.  The headband or softband holds the 
sound processor against the head and vibration is transduced through direct 
contact with the patient’s skin and the bone below.   

2.1.2. In the Otomag Alpha 1 (M), the Otomag Sound Processor is attached 
magnetically to an implanted magnet assembly.  The magnetic field holds the 
sound processor against the head and vibration is transduced through direct 
contact with the patient’s skin and the bone below. Vibration is not primarily 
transmitted through the magnetic implant. 

2.2. The Otomag System is designed for use for those patients with conductive hearing loss, 
those patients who have sensorineural hearing loss up to 45 dB in combination with their 
conductive loss, and single sided deafness as defined in the indications for use.  The 
prescriptive formula and adjustments available to the audiologist in the software allow for 
programming the Otomag System for individual patient hearing loss. 
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3. Indications For Use: 

3.1. The Otomag Alpha 1 Sound Processor is intended for use with the Otomag Headband or 
Otomag Softband (no age limitations), or with the Otomag Magnetic Implant (patients 5 
years of age and up) for the following patients and indications: 

3.1.1. Patients with conductive or mixed hearing losses, who can still benefit from 
amplification of sound.  The pure tone average (PTA) bone conduction (BC) 
threshold for the indicated ear should be better than 45 dB HL (measured at 0.5, 
1, 2, and 3 kHz).  

3.1.2. Bilateral fitting is applicable for most patients having a symmetrically conductive 
or mixed hearing loss.  The difference between the left and right sides’ BC 
thresholds should be less than 10dB on average measured at 0.5, 1, 2, and 4 
kHz, or less than 15 dB at individual frequencies.  

3.1.3. Patients who have a profound sensorineural hearing loss in one ear and normal 
hearing in the opposite ear, who for some reason will not or cannot use an AC 
CROS.  The pure tone average (PTA) air conduction (AC) threshold of the 
hearing ear should be better than 20 dB HL (measured at 0.5, 1, 2 and 3 kHz). 

4. Classifying Regulation and Product Code 

4.1. Regulation Number:  21 CFR 874.3300 

4.2. Product Code:  LXB 

5. Detailed Device Description 

5.1. Device and Company Nomenclature 

5.1.1. The Otomag Alpha 1 Sound Processor may also be called the Alpha 1 Sound 
Processor, the Sound Processor, or Alpha 1.  These terms are used 
synonymously throughout this document, any accompanying attachments, and 
product labeling. 

5.1.2. The Otomag Alpha 1(S) Configuration may also be called the Alpha 1(S) or 1(S) 
configuration.  These terms are used synonymously throughout this document, 
any accompanying attachments, and product labeling. 

5.1.3. The Otomag Alpha 1(M) Configuration may also be called the Alpha 1(M) or 1(M) 
configuration.  These terms are used synonymously throughout this document, 
any accompanying attachments, and product labeling. 

5.1.4. Sophono, Inc

5.2. Description of the Alpha 1(S) Configuration 

5.2.1. In the Alpha 1(S) configuration, the Sound Processor can be used with a 
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headband or softband.  Both the headband and softband are equipped with 
magnets encapsulated by Fotoplast (plastic) materials. 

5.2.2. For this configuration, a metal disc is screwed into the Alpha 1 Sound Processor 
(Figure 3).  The magnets on the headband or softband magnetize to the Alpha 1 
Sound Processor metal disc (Figure 1, Boxes B, D, E). 

5.2.3. The softband holds the Alpha 1 to the side of the head by adjusting its elastic 
band and securing the fit with a Velcro closure (Figure 1, Boxes A-D).  The 
headband holds the Alpha 1 to the side of the head by means of a springy metal 
bow (Figure 1, Boxes E & F).  The figure shows the headband and softband with 
and without the Alpha 1 Sound Processor attached via the magnets.   

 
Figure 1: Alpha 1(S) Configuration / Headband, Softband, and Sound Processor 

 

Metal 
Disc
Metal 
Disc

 
Figure 2: Alpha 1 Sound Processor w/ Metal Disc for Magnetic Attachment to Headband / Softband 
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5.3. Description of the Alpha 1 (M) Configuration (Addition to Product Family) 

5.3.1. In the Alpha 1(M) configuration, the Alpha 1 Sound Processor is used with an 
Otomag Magnetic Implant (similar to cochlear implant magnets) and a plastic 
magnetic spacer.  The plastic magnetic spacers are equipped with magnets 
encapsulated by Fotoplast (plastic) materials. Figure 3 below shows the details of 
the configuration.  

 

                     

Magnetic Spacer 

Magnetic Implant 

Screws 

Alpha 1 external 
audio processor

 
Figure 3: Alpha 1 (M) Magnetic Implant System 

5.3.2. For this configuration, the same metal disc used in the Alpha 1(S) configuration is 
used to attach the sound processor to plastic magnetic spacer.  The magnets 
within the plastic magnetic spacer are then additionally used to secure the 
external assembly (sound processor and spacer) to the magnetic implant across 
the patient’s skin.   

5.3.3. To ensure that appropriate pressure is applied between the sound processor and 
the patient’s skin / bone, various strengths of magnetic spacers are available (5 
sizes - labeled 1 dot to 5 dot).  

5.3.4. The magnetic implant is screwed to the skull with Stryker self-tapping titanium 
facial plating screws. The implant consists of two magnets (similar to cochlear 
implant magnets) hermetically sealed in a titanium case that are recessed into 
bone beds at the surgical implant site. See the Physician’s Manual in Section 15 
of the overall submission for detailed implantation instructions. 

5.4. Description of the Otomag Alpha 1 Sound Processor 

5.4.1. A key component of the Otomag System is the Alpha 1 Sound Processor, which 
is similar to a behind the ear air conduction hearing with a traditional bone 
conduction vibrator.  The Alpha 1 Sound Processor utilizes proprietary software.  
The Alpha 1 Sound Processor is available for left or right sides with or without an 
external microphone, and with or without an FM jack. 

5.4.2. The Alpha 1 Sound Processor consists of an internal electronic transducer, a 
battery, volume and programming controls, and an internal or external 
microphone (Figure 4) within a plastic housing.  The microphone opening is 
situated in the bottom of the housing and the vibrator in the upper part of the 
housing.  The volume control with integrated switch and the battery compartment 
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are accessible to the patient on the housing.  The programming socket is situated 
beneath a cover.  The programming socket is used for initial programming of the 
hearing device, as well as when adjustments are needed.  No part of the sound 
processor has prolonged user contact. 

 

 
Figure 4: Alpha 1 Sound Processor 

Programming 
Button

Volume Control

Electronics & 
Battery

Internal 
Transducer

Microphone

Programming 
Button

Volume Control

Electronics & 
Battery

Internal 
Transducer

Microphone

 
 

5.4.3. Sound Processor Circuit Description 

5.4.3.1.

5.4.3.2. As an alternative to sound reception with the microphone, an 
electromagnetic signal can also be received by means of an FM link on 
those Alpha 1 Sound Processors that have an FM jack.  The jack is 
compatible with the Phonak MLxi FM receiver boot.  

5.4.3.3. The housing and transducer are the same as is used in the Starkey 
Laboratories Viennatone bone conduction sound processor. 

5.4.4. Gravity 2 Software Description 

5.4.4.1. 

designed as an open platform hearing 

Page 13-5 of 16 
                                                
                                       Page 57 of 289

(b)(4) 

(b)(4) 

(b)(4) 

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Sophono Inc. – Traditional 510(k) for the Otomag Bone Conduction Hearing System  
Section 13: Device Description 
 

processor programming software.

5.4.4.2.

5.4.4.3.
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5.5. Magnetic Implant 

5.5.1. The implant consists of two  magnets hermetically 
sealed in a titanium housing as shown in Figure 5. The implant is manufactured 
for  documentation associated with 
the implant’s performance as a retention mechanism for the sound processor can 
be seen in Appendix C to the overall submission.  Biocompatibility information, 
including material specifications for the implant can be found in Appendix B to the 
overall submission.  Each implant is welded, cleaned, and 100% leak tested by 
the manufacturer using formally validated processes. 

5.5.2. The magnetic implant is placed in 3 mm deep bone beds as shown in Figure 6 
and Figure 7.  The implant is secured using 4 mm titanium facial plating screws. 

 

 
Figure 5:  Magnetic Implant 

 

 
Figure 6: Bone Beds 

5.5.3. The magnetic implant is supplied to the physician clean but non-sterile, in sealed 
packaging to prevent contamination.  The device is intended to be steam 
sterilized at the healthcare facility prior to implantation.  Instructions and 
requirements for performing steam sterlization are included in the Physician’s 
Manual contained in Section 15 to the overall submission. 
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Figure 7: Implant Secured into Bone Beds 

5.6. Magnetic Spacer  

5.6.1. The spacer consists of a nickel plated neodymium iron boron magnet 
encapsulated in 100% Fotoplast S IO,

Both plastic materials are those commonly used for the production of custom ear 
molds.  Complete material specifications can be found in Appendix B to the 
overall submission.  Five magnetic strengths of the spacer are available to 
accommodate for variations in skin thicknesses and holding requirements to 
obtain approximately  of holding force. 

 

 
Figure 8: Magnetic Spacer 

 

 
Figure 9: Sound Processor Attached to Magnetic Spacer 

5.6.2. As specified in the Physician Manual, the Alpha 1(M) is supplied with two fitting 
gages.  These gages, labeled “Go” and “No-Go” are used in conjunction with a 
fitting test which is intended to identify the appropriate range of magnetic spacers 
that ensure proper function, patient comfort, and device performance.  
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5.6.2.1. The fitting test incorporates the use of two different weights that 
attached to the magnetic spacer.  The smaller weight applies 
approximately  weight to the magnetic spacer and is intended to 
ensure a minimum attachment force between the implant and the 
magnetic spacer is achieved.  This smaller weight is referred to and 
labelled as the “Go” gage.  The larger weight applies approximately 

 of weight to the magnetic spacer and is intended to ensure that 
too much force is not applied to the skin between the implant and the 
spacer. This larger weight is referred to and labelled as the “No-Go” 
gage.  The mass of these weights, through experimentation, was 
chosen in order to achieve a range of retention forces in the normal 
direction of . This provides the fitting physician with a 
range of normal forces to allow the physician to balance performance 
and patient comfort.   

5.7. Retention Clip / Lanyard 

5.7.1. Sophono offers an optional clip / lanyard that attaches to the sound processor 
assembly and to the user’s clothing.  The intention of this optional accessory is to 
prevent damage to the sound processor assembly should it become dislodged 
from the user. 

5.8. Magnetic Implant Packaging 

5.8.1. Primary Packaging: The primary packaging for the Alpha 1 (M) Sound Processor 
Implantable Device is a high density polyethylene (HDPE) tube  
with a screw top lid supplied by the Implant Vendor    The lid is 
covered with a perforated shrink band to provide a tamper- evident seal. This 
package is opened by the clinician at the time the implant is transferred into the 
sterilization pouch described in the labeling. The implant label is placed on the 
primary package.  This label contains key symbols, the words “Non-Sterile”, the 
serial number of the implant, quantity, and manufacturer information. 

5.8.2. Secondary Packaging: The secondary packaging consists of a small corrugated 
box (8”x6”x1.5”, P/N S0043) into which the primary packaging is inserted along 
with a copy of the Physician’s Manual. The box is sealed with packaging tape 
and the shipping contents label is applied to the outside of the box.   

5.9. Healthcare Facility Sterilization  

5.9.1. As described above, the magnetic implant is intended to be sterilized at the 
healthcare facility just prior to implantation.  The implant is transferred from the 
primary packaging described in 5.8.1 to a specified sterilization pouch and 
sterilized using the following specifications.  The Physician Manual contains 
detailed instructions for the sterilization process 

5.9.1.1. Limitations on Reprocessing: Single Sterilization Only 

5.9.1.2. Presterilization Decontamination / Cleaning / Disinfection: None 
Required 

5.9.1.3. Cycle Type: Gravity 

5.9.1.4. Sterilization Time: 15 minutes minimum 
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5.9.1.5. Sterilization Cycle Temperature: 132 degrees C / 270 degrees F 

5.9.1.6. Drying Time:  30 minutes minimum 

5.9.1.7. Packaging: Cardinal Health Self Sealing Autoclave Pouch (P/N 92510) 

5.9.1.8. Storage in Sterile State: Not Allowed – Sterilization immediately pre-
implant only 

6. Patient-Contacting Components and Materials  

6.1. The components of the Otomag System that are patient contacting are the Fotoplast 
components on the headband / softband, the Fotoplast Magnetic Spacer, and the 
titanium magnetic implant.  All materials used in the Alpha 1 device are materials 
commonly used in medical devices in the same applications (external tissue contact, 
implant).  Biocompatibility information for these materials is contained in Section 17 and 
Appendix B of the overall submission.  Each Magnetic Implant is cleaned to remove any 
manufacturing process contaminants.    

6.2. Fotoplast-Lac and Fotoplast S IO 

6.2.1. The Fotoplast S IO is the material that directly encapsulates the magnets in the 
softband and headband.  The Fotoplast-Lacquer 3 is a light-curing one-
component lacquer used to coat the Fotoplast S IO encapsulated magnets.  This 
Fotoplast-Lacquer 3 material is in direct skin contact with healthy skin behind the 
ear, at the site of bone conduction.  Both materials have been found 
biocompatible for their intended use.  These materials are commonly used to 
fabricate hearing aid earmolds and thus have years of use in the ear canal 
without biocompatibility problems. 

6.3. Titanium 

6.3.1. In accordance with the flowchart in FDA General Program Memorandum #G95-1, 
Appendix C, the titanium material used in the implant and associated anchoring 
screws is not a polymer, is a metal alloy, and does not contain toxic substances, 
therefore biocompatibility requirements for the material are met.  The titanium 
material used in the magnetic implant is well established as biocompatible and is 
used in many medical implant applications.   

6.3.1.1. Implant Case: 
 

6.3.1.2. Implant Base:
 

6.3.2. The bone screws used to anchor the magnetic implant are also titanium.  These 
screws are manufactured by Stryker Leibinger and are a legally marketed device 
which was cleared under K970912 for use as self threading bone screw. 

6.3.2.1. Screws (according to Stryker IFU):  CP Titanium (commercially pure) or 
Ti 6 Al V 4 – Complies with ASTM F67-06 (for CP Ti) and ASTM F136-
08e1 (for Ti 6 Al V 4) 
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7. Kit Configurations 

7.1. The Otomag System will be available in two kit configurations (e.g., Alpha 1 (S) with 
appropriate means of attachment, Alpha 1 (M) with appropriate magnetic spacers) or the 
components may be ordered separately.  Each kit or component will be labeled 
appropriately and will include the Patient User Manual and / or the Physician Instructions 
for Use as appropriate.  

7.2. Each Alpha 1 Sound Processor will be available in right or left sided versions, with either 
an internal or external microphone, and with or without an FM jack.  Alpha 1 Sound 
Processor configurations are show in Table 3. 

  

Table 3 
Sound Processor Configurations  

Internal Microphone Right sided 
 External Microphone 

Internal Microphone Left sided 
External Microphone 

With FM Jack 

Internal Microphone Right sided 
 External Microphone 

Internal Microphone Left sided 
 External Microphone 

Without FM Jack 

 

7.3. An example of a component that is likely to be sold separately is an Alpha 1 (S) Sound 
Processor.  Because it will not be known if the patient prefers a softband or headband, 
the Alpha 1 (S) will likely be shipped separately from the softband or headband. 

7.4. Sophono, Inc. will also distribute to qualified hearing healthcare providers the Otomag 
Gravity 2 Fitting Software. 

8. Specifications and Characteristics 

8.1. Device Technical Specifications 

8.1.1. Alpha 1 Sound Processor Specifications 

8.1.1.1. Acousto – mechanical gain at 60 dB SPL and 1600 Hz:  29 dB 

8.1.1.2. Maximum Gain at 60 dB SPL: 38 dB 

8.1.1.3. Peak Output at 90 dB SPL:  115 dB 

8.1.1.4. Frequency range per ANSI S3.22-2009:  280-5000 Hz  

8.1.1.5. Frequency processing range: 125-8000 Hz 

8.1.1.6. Total harmonic distortion per ANSI S3.22-2009: <3%  

8.1.1.7. Equivalent input noise:  17 dB 

8.1.1.8. Battery current drain:  0.95 mA 

8.1.1.9. Processor: 16 Band, 4 Channel WDRC  
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8.1.1.10. Crossover Frequency Options:  0-1.25, 0.25-2.75, 1.75-7.75 kHz 

8.1.1.11. Compression Attack Time: 0.25 ms 

8.1.1.12. Compression Release Time: 8192 ms 

8.1.1.13. Patient Volume Control Wheel: 38 dB range 

8.1.1.14. Power Supply: 1.3 V, #675 Zinc Air Battery 

8.1.2. Magnetic Spacer Specifications 

8.1.3. Magnetic Implant Specifications 
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9. Description of Changes 
9.1. The following section contains a summarized description of the changes to the device that include Indications for Use, 

additional hardware, and labeling.  It should be noted that the changes described below do not constitute a change in 
intended use of the device, or the fundamental scientific principles of the device.  

Change  
Number 

Affected 
Area 

Description of Change Impact of Change on 
Risk Analysis 

Additional Required 
Mitigation 

C1 Indications for 
Use 

Minor wording change in the Indications for Use 
statement to add the term “..or magnetic implant” 
to the end of the first paragraph.  The new 
paragraph now reads: “The Otomag Alpha 1 
Sound Processor is intended for use with the 
Otomag Headband, Otomag Softband (no age 
limitations), or with the Otomag Magnetic Implant 
(patients 5 years of age and up) for the following 
patients and indications:…” 
In addition, the following paragraph was removed 
because it was redundant with the first paragraph:  
“The Otomag Alpha 1 (S) Sound Processor is 
intended to be connected to the Otomag 
Headband or Softband.” 
 

None: Changes in Indications 
for Use statement are minor 
and do not result in a new 
Intended Use for the device.  
Specific impacts of design 
changes associated with this 
Indications for Use change are 
analyzed in each additional 
line item in this table. 

None 
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Change  Affected Description of Change Impact of Change on 
Number Area Risk Analysis 

Additional Required 
Mitigation 

C2 Force 
Application 

Method 

Addition of the magnetic spacer in 5 strengths, to 
be used in conjunction with the magnetic implant, 
to mimic the pressure applied by the softband or 
headband.  Spacers are chosen by the fitting 
physician, based on tissue thickness, to ensure 
an application force of between approximately 1 
and 2.5 N.   
Material of the magnetic spacer is identical to the 
skin contact materials present in the headband 
and the softband (Fotoplast Lacquer 3). 
Part of the function of the magnetic spacer is 
identical to the prior version of the device which 
utilized a magnetic field to hold the sound 
processor to the headband or softband. 
In addition to holding the Sound Processor, the 
magnetic spacer additionally holds the Sound 
Processor assembly (Sound Processor and 
magnetic spacer) to the patient’s skin through the 
creation of an attractive magnetic field. 
 

None:   
• Patient Contact materials 

for this component are 
identical to the prior version 
of the device 

• The switch from pressure 
application via the 
headband or softband to an 
attractive magnetic field 
does not impact risk 
assessment as long as 
forces are equivalent 

• Otomag Softband, 
Headband, and Magnetic 
Implant Static Force 
Verification / Validation 
Protocol, DG-35  

• Headband and Softband 
Static Force Test Protocol 
and Report, DG-38 

• Implant Magnetic 
Coupling Static Force 
Test Protocol, DG-39 

• Implant Magnetic 
Coupling Tangential 
Static Force Test Protocol 
and Report, DG-41 

Validations showed magnetic 
attachment mechanism via 
magnetic implant is 
equivalent to headband / 
softband versions of the 
device. 
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Sophono Inc. – Traditional 510(k) for the Otomag Bone Conduction Hearing System  
Section 13: Device Description 
 

Change  Affected Description of Change Impact of Change on Additional Requir
Number Area Risk Analysis 

ed 
Mitigation 

C3 Force 
Application 

Method / Patient 
Contact 

Materials 

Addition of the magnetic implant, to be used in 
conjunction with the magnetic spacer, to mimic 
the pressure applied by the softband or 
headband. 
Patient contact material of the magnetic implant is 
Titanium.  Magnets are hermetically sealed within 
the titanium case.  The magnet is of similar 
design and the same construction methods as is 
used in currently available cochlear implants.  
Screws used to anchor the implant in the bone 
beds are included with the device and are 4 mm 
titanium bone screws manufactured by Stryker 
Leibinger and cleared under K970912. 

The addition of the implanted 
magnet raises the following 
new risks not present in the 
prior version of the device 
• Biocompatibility related the 

implant 
As discussed immediately 
above, the switch from 
pressure application via the 
headband or softband to an 
attractive magnetic field does 
not impact risk assessment as 
long as forces are equivalent 
 

• See Appendix B for 
Biocompatibility 
information for the 
magnetic implant 

• See Appendix C for 
microbial, endotoxin and 
particulate test results 

• Otomag Magnetic Implant 
Screw Retention Force 
Validation Protocol, DG-
36: Showed the retention 
force of the 5 retention 
screws far exceeds the 
forces applied to the 
implant during operation. 

• Screw Retention Force 
after 100yr Cyclic Loading 
Protocol and Report, DG-
43: Showed screw 
retention maintained after 
cyclic loading 

• Implant Screw Retention 
Force after Vibration 
Exposure Protocol and 
Report, DG-45: Showed 
screw retention 
maintained after severe 
vibration exposure. 
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Sophono Inc. – Traditional 510(k) for the Otomag Bone Conduction Hearing System  
Section 13: Device Description 
 

Page 13-16 of 16 

Change  
Number 

Affected 
Area 

Description of Change Impact of Change on 
Risk Analysis 

Additional Required 
Mitigation 

C4 Labeling Primary Device Labeling has been modified to 
include clear identification of which configuration 
of the device is included (Alpha 1(S) or Alpha 
1(M)) 
Physician’s Manual has been revised to include 
implant and explant instructions, magnetic spacer 
fitting instructions, and additional Warnings / 
Cautions related to the magnetic implant. 
Users Manual has been revised to include 
additional user instructions for placement of the 
Sound Processor with the magnetic implant, and 
additional Warnings / Cautions related to the 
magnetic implant. 
A label has been developed for the magnetic 
implant packaging to correctly identify this portion 
of the device. 

None: Additional instructions 
are intended to ensure safe, 
effective use of the device.  
New Warnings and Cautions 
are included as a result of 
detailed risk analysis.  The 
labeling changes themselves 
only serve to lower overall risk 
associated with the device 

None 
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Company Information 
Contact information: 
 
Professional Support: 
Sophono, Inc. 
903 Brooklawn Dr. 
Boulder, Colorado 80303 
USA 
+1 (303) 564-1663 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 Federal Law (USA) restricts this device to sale by or on the order of 

a practitioner licensed by the law of the State in which he/she 
practices to use or order the use of the device. 
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1 About this Manual 
This Physician Manual provides a description of the Alpha I (S) & Alpha I (M) Bone 
Conduction Hearing Systems. This manual includes a description of the system’s 
features, performance, intended use, and important safety information. This manual 
provides the information necessary for the physician to prescribe the Alpha I (S) & 
Alpha I (M) Bone Conduction Hearing Systems to the appropriate patient population. 
Please read this manual thoroughly before prescribing the system.   
A Patient Instruction Manual is included with each Alpha I (S) & Alpha I (M) Bone 
Conduction Hearing System and should be referred to for information regarding: 
 
 Kit Contents 
 Instructions for Use 
 Patient Warnings and Precautions 
 Important Things to Remember 
 Maintenance 
 Customer Support 

 

Important Symbols 
A number of symbols are used throughout this manual in order to draw attention to 
safety items and other important information. 
 
The following symbols are used: 
 

 

Warning 
 Symbol indicates a potentially hazardous situation, which if 

not avoided could result in death or serious injury to the user. 

 

Caution 
 Symbol indicates a situation that the user must take into 

consideration to ensure the safe and effective operation of the 
equipment and associated accessories. 

 

Notes 
 Symbol indicates important general information for using the 

system successfully. 
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2 Introduction 
Warnings and Cautions Overview 

The following section contains a description of all physician related Warnings and 
Cautions associated with the Otomag Bone Conduction Hearing Systems.  
Additional patient and use related Warnings and Cautions can be found in the 
Patient User Manual.  Knowledge of the following information is essential for safe 
operation of the device.  Specific Warnings and Cautions pertaining to physician 
instructions are included in the body of the manual and are indicated by the 
appropriate symbol. 

Warnings 

Warning 

 
 

 Thoroughly read the Physician Manual and the Patient Manual before 
prescribing the Otomag System. 

 To avoid potential performance and / or safety issues, adhere 
carefully to patient selection criteria 

 A blow to the head in the area of the Otomag Alpha 1 Sound 
Processor may result in damage to the device or device failure. 

 When using the Otomag Alpha 1 (S) Softband, make sure that a 
finger can be placed between the skull and Softband to ensure that 
the Softband is not too tight. 

 Do not perform MRI on a patient wearing an Otomag Alpha 1 Sound 
Processor, Magnetic Implant, Headband, or Softband. 

 Carefully consider the potential patient’s medical history to rule out 
allergies and other reactions to device materials prior to prescribing 
the Otomag System.   

 The Alpha 1 (M) Magnetic Implant is provide non-sterile and must be 
sterlized prior to implantation according to the provided instructions.  
Failure to sterilize appropriate can result in serious infection. 

 Purchased screws may be provided non-sterile and if so must be 
sterlized prior to implantation according to the manufacturers 
instructions.  Failure to sterilize appropriate can result in serious 
infection. 

 Excessive, long term use of magentic spacers that are too strong may 
lead to pain and or pressure necrosis for the patient.  Always 
recommend to the patient the lowest magnetic strength spacer that 
passes the “Go” test. 

 Do not use of the Alpha 1(M) configuration of the device if the skin 
contact area of the sound processor is compromised in any way (i.e. 
– unhealed incision, psoriasis, or eczema).  Failure to follow this 
warning may result in prolonged healing, further irritation, or infection. 
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Precautions 

Caution 

 

 The Alpha 1 Sound Processor, Magnetic Implant, Headband, and 
Softband are intended for single-patient use only.  Do not use any of 
these products if they have previously been placed in or with another 
patient.   

 Keep Otomag System components away from magnetic data storage 
media and electronic devices.  The Alpha 1 Sound Processor, 
Magnetic Implant, Headband, and Softband all contain magnets that 
can potentially damage magnetic data storage media and electronic 
devices.   

 To avoid damage to the device, do not subject the Alpha 1 Sound 
Processor to temperatures below -4oF (-20oC) or above 122oF (+50oC) 
at any time.  

 To avoid potential of damage to the device, do not store the Otomag 
System near magnets or magnetic devices other than the magnetic 
spacer and implant. 

 Prior to use, inspect packaging to verify that it is intact and has not 
been damaged.  If the packaging is damaged, do not use the device 
and return it to Sophono, Inc.  Please see the address and phone 
number for Sophono, Inc. at the end of this Physician Manual. 

 Refer to the screw’s original manufacturer’s instructions for use for 
specific directions on how to use the screws.   

 Refer to the original manufacturer’s instructions for use for specific 
directions on how to appropriately use these sterilization pouches. 

 The patient should be instructed to select a lower strength spacer if 
the pressure on the skin is uncomfortable or pain, numbness, or 
tingling occurs.   

 

                                                
                                       Page 74 of 289

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



 
   

Alpha I (S) & Alpha I (M) Physician Manual – REV 5 - 4 - 

Product Description 
The Otomag Bone Conduction Hearing System is a family of sound processors and 
accessories that operate on the principle of bone conduction of sound vibrations.   
 
The Otomag System is configured in either of two configurations.  The first 
configuration is the Alpha 1 (S), where the Otomag Sound Processor is attached 
magnetically to a Headband or Softband.  The second configuration is Alpha 1 (M), 
where the Otomag Sound Processor is attached magnetically to an implanted 
magnet.  The Headband, Softband, or Magnetic Implant holds the sound processor 
against the head, and vibration is transduced through direct contact with the 
patient’s skin and the bone below.   
 
The Otomag System is designed for use for those patients with conductive hearing 
loss, those patients who have sensorineural hearing loss up to 45 dB in 
combination with their conductive loss, and single sided deafness as defined in the 
indications for use.  The prescriptive formula and adjustments available to the 
audiologist in the software allow for programming the Otomag System for individual 
patient hearing loss. 
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Indications for Use 
The Otomag Alpha 1 Sound Processor is intended for use with the Otomag 
Headband or Otomag Softband (no age limitations), or with the Otomag Magnetic 
Implant (patients 5 years of age and up) for the following patients and indications: 
 
• Patients with conductive or mixed hearing losses, who can still benefit from 

amplification of sound.  The pure tone average (PTA) bone conduction (BC) 
threshold for the indicated ear should be better than 45 dB HL (measured at 
0.5, 1, 2, and 3 kHz).  

• Bilateral fitting is applicable for most patients having a symmetrically 
conductive or mixed hearing loss.  The difference between the left and right 
sides’ BC thresholds should be less than 10dB on average measured at 0.5, 1, 
2, and 4 kHz, or less than 15 dB at individual frequencies.  

• Patients who have a profound sensorineural hearing loss in one ear and 
normal hearing in the opposite ear, who for some reason will not or cannot use 
an AC CROS.  The pure tone average (PTA) air conduction (AC) threshold of 
the hearing ear should be better than 20 dB HL (measured at 0.5, 1, 2 and 3 
kHz).  

Contraindications 

Contraindications for the Otomag Alpha 1 Sound Processor connected to the 
Otomag Headband, Softband, or Magnetic Implant are as follows: 
Any factor that would cause a clinician to refer the patient for medical assessment 
will temporarily, or in some cases permanently, halt the process of hearing aid 
fitting. These factors include:  
 
• A hearing loss of sudden onset;  
• A rapidly progressing hearing loss;  
• Pain in either ear;  
• Tinnitus of sudden recent onset, or unilateral tinnitus;  
• Unilateral or markedly asymmetrical hearing loss of unknown origin;  
• Vertigo (e.g. dizziness) 

Patient Selection Criteria 
• Patients to be fitted with the Otomag Alpha 1 (S) Sound Processor and its 

Headband or Softband may be any age. 
• Patients to be fitted with the Otomag Alpha 1 (M) Sound Processor and its 

Magnetic Implant should be 5 years old or older. 
• Patients and/or patient guardians must be able to understand that the Otomag 

System will not restore hearing to normal and will not prevent additional hearing 
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impairment resulting from conditions such as disease, old age hearing loss, 
genetic hearing loss, ototoxic drugs or noise induced hearing loss.  

Possible Adverse Effects 
General 
It is possible that a reaction to the materials of the Headband, Softband, or 
Magnetic Implant could occur.  Such a circumstance may necessitate that use of 
the device be discontinued.  Please report any adverse effects to Sophono, Inc.   
The address and phone number for Sophono, Inc. are listed at beginning and end 
of this Physician Manual.  If a reaction to the Headband or Softband occurs, 
Sophono will supply appropriate instructions so that the device can be sent to the 
laboratory for analysis.  

 
Risks that may occur during surgery: 
The risks involved in surgery and complications related to surgery include the 
normal risks of the operative procedure and general anesthesia.  These include 
pain, blood clots, and/or circulatory problems, infection, cardiac arrest, and even 
death.  Specific risks related to operating on the mastoid include infection, 
inflammation, numbness or stiffness about the ear, dural exposure, CSF leak, 
perforation of sigmoid sinus, subdural hematoma and noticeable changes in head 
noise. 
 

 

Warning 
 To avoid potential performance and / or safety issues, adhere 

carefully to patient selection criteria. 
 Carefully consider the potential patient’s medical history to 

rule out allergies and other reactions to device materials prior 
to prescribing the Otomag System.   

 
Risks that may occur after surgery: 
Potential risks after surgery include inflammation and complications associated with 
general anesthesia.  Potential risks related to the implant following surgery include 
infection, reparative granuloma, inflammatory reaction, skin breakdown or skin 
necrosis. 
 
It is possible that a reaction to the implant materials and or failure of the implanted 
device can occur and may necessitate an operation to remove and/or replace the 
implant. 

 

                                                
                                       Page 77 of 289

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



 
   

Alpha I (S) & Alpha I (M) Physician Manual – REV 5 - 7 - 

 

Warning 
 A blow to the head in the area of the Otomag Alpha 1 Sound 

Processor may result in damage to the device or device 
failure. 

 When using the Otomag Alpha 1 (S) Softband, make sure that 
a finger can be placed between the skull and Softband to 
ensure that the Softband is not too tight. 

 Do not perform MRI on a patient wearing an Otomag Alpha 1 
Sound Processor, Magnetic Implant, Headband, or Softband. 
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Other Symbols on Equipment and Labeling 

 

Symbol Description 

 
Consult Physician Manual 

 
Batch Code or Lot Number 

 
Serial Number 

 

Keep Away From Rain / Keep Dry 

 
Manufacturer 

 

MR Unsafe:  Device should not be worn when patient is 
undergoing an MRI 

 

Product is Latex Free 

 

Interference may occur in the area of equipment which is 
labeled with the following symbol. 

 

Temperature Limitation:  The sound processor is 
designed to operate within the temperature ranges of 
41oF (+5oC) to 104oF (+40oC).  The processor should 
not be subject to temperatures below -4oF (-20oC) or 
above 122oF (+50oC) at any time. 

122oF 

-4oF 
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3 Patient Fitting Procedures 
Alpha 1 (S) System: Instructions for Placement of the 
Softband or Headband and Alpha 1 Sound Processor  

 

Notes 
 Record the product and lot or serial numbers for the Alpha 1 

Sound Processor in the patient file and send the patient to a 
qualified audiologist for proper programming of the Alpha 1 
Sound Processor. 

 
The Otomag Softband is an elastic Softband similar to a sweat band used in sports.  
The Alpha 1 (S) Sound Processor magnetically adheres to the Softband via a 
magnetic pad sewn into the band.  No surgery is required and the Alpha 1 (S) can 
be used immediately after being programmed by an audiologist. 

 
• To use the Otomag Softband, attach the Alpha 1 (S) Sound Processor to the 

magnetic pad on the Softband. 
• Test that the Alpha 1 works by putting it on yourself, plugging your ears, and 

introducing sound. 
• Put the Softband around the patient’s head, quite loosely at first by slipping the 

end of the band through the slot next to the magnetic pad and attaching the 
mating Velcro ® loops and hooks to each other. 

• Place the magnetic pad against the mastoid or other boney location.   
• Tighten the Softband by adjusting the Velcro® strap until it is close-fitting 

enough to ensure effective sound transmission, but not tight enough to cause 
discomfort.  The Softband is too loose if it slips off of the head, can be rotated 
easily around the head or no sound transmission can be heard.  The Softband 
is too tight if the patient complains of pain or discomfort while wearing the 
Softband. Make sure that a finger can be placed between the skull and 
Softband to ensure that the Softband is not too tight. 

 

 

Warning 
 When using the Otomag Alpha 1 (S) Softband, make sure that 

a finger can be placed between the skull and Softband to 
ensure that the Softband is not too tight. 

 
The Otomag Headband is a springy Headband, similar to that used for earphone 
devices.  It comes in one size and is not adjustable.  The Alpha 1 (S) Sounds 
Processor magnetically adheres to the Headband via a magnetic pad fitted to the 
Headband.  No surgery is required and the Alpha 1 (S) can be used immediately 
after being programmed by the audiologist.   
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• To use the Otomag Headband, attach the Alpha 1 (S) Sound Processor to the 

magnetic pad on the Headband. 
• Test that the Alpha 1 works by putting it on yourself, plugging your ears, and 

introducing sound. 
• Put the Headband on the patient’s head and place the magnetic pad against 

the mastoid or other boney location. 
 
The choice of a Headband or Softband is a matter of patient preference. 
 

Alpha 1 (M) System:  Compatible Screws 

 

Notes 
 The Alpha 1 (M) implant requires 5 screws for implantation that 

are NOT included with the implant. 
 

Screws 
The Alpha 1 (M) implant requires 5 screws to be used to affix the implant to the 
skull.  These screws are NOT included as part of the Alpha 1 (M) implant system 
and must be obtained separately. 

 
The implant bracket holes are sized to accept Stryker/Leibinger 1.7 mm diameter 
Craniomaxillofacial titanium Self Tapping Screws, (Gold) and 1.7 mm diameter Self 
Drilling Screws (Silver) in 4 mm lengths and 1.9 mm Emergency Screws (Purple) in 
3 mm lengths. 

 
Craniomaxillofacial 

Titanium Screws 
1.7 mm dia.  x 

4.0 mm  
Self Tapping 

1.7 mm dia. x 
4.0 mm 

Self Drilling 

1.9 mm dia. x  
3.0 mm 

Emergency 
Stryker/Leibinger 

Part Numbers 50-17004 50-17904 50-19004 

 
While all screw sizes / types specified above have been validated for this 
application, the Stryker/Leibinger 1.7mm x 4 mm self drilling screws, part number 
50-17904 is considered optimal. 
 
Other commercially available craniomaxillofacial titanium screws may be used as 
long as the screw shaft diameter is less than 2.0 mm and the screw head size is 
greater than 2.45 mm.  Screw must be 4 mm in length (3mm for emergency 
screws). 
 
The screws must be sterile prior to implantation.  If the screws are not purchased 
sterile, refer to the screw manufacturer’s instructions for sterilization. 
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Warning 
 Purchased screws may be provided non-sterile and if so must be 

sterlized prior to implantation according to the manufacturers 
instructions.  Failure to sterilize appropriate can result in serious 
infection. 

 

 

Caution 
 Refer to the screw’s original manufacturer’s instructions for use 

for specific directions on how to use the screws.   

 
If the initial attempt to place a screw does not work and the screw hole becomes 
“stripped” emergency “rescue” screws can be threaded into the stripped hole.  The 
largest size screw that can be used is 1.9 mm in diameter. 
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Alpha 1 (M) System:  Instructions for Sterilization and 
Placement of the Magnetic Implant and Alpha 1 
Sound Processor  
Point of Use Sterilization Instructions: 

 

Warning 
 The Alpha 1 (M) Magnetic Implant is provide non-sterile and 

must be sterlized prior to implantation according to the 
provided instructions.  Failure to sterilize appropriate can 
result in serious infection. 

 
The Alpha 1 (M) magnetic implant is provided clean but NOT sterile.  It is not 
necessary to clean the implant prior to sterilization.  To prepare the implant for 
steam sterilization use the following steps: 
• Unscrew the cap on the magnetic implant container.   
• Without touching the magnetic implant, transfer the implant into the 

autoclave pouch.  Transfer can be simply accomplished by inverting the 
implant container over the open top of the autoclave pouch. 

• Immediately seal the autoclave pouch. 
 

 

Caution 
 The Alpha 1 Sound Processor, Magnetic Implant, Headband, 

and Softband are intended for single-patient use only.  Do not 
use any of these products if they have previously been placed 
in or with another patient.   

 
Exact compliance is required with the sterilization equipment manufacturer’s 
instructions for use, maintenance, and periodic monitoring.  The Alpha implant 
can be sterilized a single time by gravity steam sterilization (autoclaving).  The 
following sterilization parameters have been validated for sterilization of the 
implant. 
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Limitations on Reprocessing: Single Sterilization Only 
Presterilization Decontamination / Cleaning / Disinfection: None 
Required 
Cycle Type: Gravity 
Sterilization Time: 15 minutes minimum 
Sterilization Cycle Temperature: 132 degrees C / 270 degrees F 
Drying Time:  30 minutes minimum 
Packaging: Cardinal Health Self Sealing Autoclave Pouch (P/N 92510) 
Storage in Sterile State: Not Allowed – Sterilization immediately pre-
implant only 
 

Sterilization Pouch Specifications 
To ensure the validated parameters are replicated appropriately, the 
following is to be used to individually pouch each implant prior to performing 
the sterilization cycle: 
Manufacturer: Cardinal Health, http://www.cardinal.com, 800.964.5227 
Catalog Number: 92510 
Size: 5.5” x 10” Paper Self Seal Pouch 
Materials:  Arjowiggins 60g/m2 Paper / CN PET 12/CPP40 Micron 
Total Product Area:  0.035 m2 
Paper Area:  0.035 m2 
Ink:  Medical Grade 
 

 

Caution 
 Refer to the original manufacturer’s instructions for use for 

specific directions on how to appropriately use these 
sterilization pouches.   

 
Pre-Surgical Training Requirements 
Before attempting to implant the Otomag Implant, surgeons are required to 
complete training provided by Sophono, Inc.  During the training they will 
receive guidance regarding the procedure, a thorough understanding of the 
device and surgical procedure and other important information. Contact 
Sophono Customer Services at the contact number listed in Section 6 of this 
manual to arrange training. 
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Surgical Risks 
The implantation of the Otomag Implant requires a surgical procedure involving 
the removal of tissue and bone.  As with any surgical procedure involving a 
general anesthetic, certain risks exist.  Those risks include the risk of infection 
from poor hygiene or non-sterile technique, irritation of tissues during the 
implantation procedure, unintended cuts and abrasions, and irritation of tissues 
due to unintended exposure to implant materials.  The implant is made of 
materials considered to be hypo-allergenic but in the case of unintended 
damage to the device, a patient could come in contact with substances that 
could generate an adverse reaction.   
Surgical Site Preparation: 
The hair should be clipped and the scalp shaved at the incision site immediately 
before surgery.  With the incision site skin free of gross contamination, apply 
antiseptic (such as iodophors, alcohol-containing products, or chlorhxidine 
gluconate) in the area of the proposed incision to an area large enough to allow 
for the extension of the incision or creation of a new incision or drain sites (if 
necessary). 
Pre-Surgical Antibiotic Prophylaxis: 
Antibiotic prophylaxis should be considered if the surgeon determines that this 
surgical procedure may be associated with a considerable risk of infection or if a 
post operative infection would cause a serious hazard to the patient’s recovery 
or well being. 
Surgical Implantation Steps 

Step 1 - Making The Incision 
The proper position for the implant is 6 cm from the ear canal at a 45-degree 
angle posterior and superior to the ear canal.  The incision should be made 
7.5 to 8 cm from the external ear canal (1.5 to 2 cm from the location of the 
implant so the incision is not directly over the implant).  After making the 
incision, expose the skull where the implant will be placed.  The incision 
must be large enough to allow placement of the implant. See Figure 1. 

 

 
Figure 1 : Incision Location 
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Step 2 - Create a bone bed (optional) 
The implant is approximately 2.6 mm thick and optimal tissue thickness over 
the implant is 4 mm to 5 mm.   
 
To create a bone bed, mark the position of the implant magnets on the bone 
and drill the bone bed to a depth of approximately 3 mm.  The implant 
magnets have a diameter of  10 mm. 

 

 
Figure 2: Bone Beds 

Step 3 - Implant Placement 
After creation of the bone bed, install the magnetic implant using the 
specified screws such that the implant is oriented with the “This Side Up” 
label facing out.  In addition, be sure to place the implant so that the small 
fiduciary mark is located in the most anterior and superior location. Place 
one screw in each of the bracket holes to securely attach the implant to the 
skull. The surface of the implant should be nearly flush with the surface of 
the mastoid. 
 

 

Figure 3: Implant Installation Diagram 
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Step 4 - Tissue Thinning and Closing the Incision 
If the tissue flap is thicker than 6 mm, thin down a 10 mm wide strip of tissue 
to 5 mm directly over the implant magnets.  Suture the incision closed. 

 
Implant Surgical Removal Steps 

Step 1 - Making The Incision 
The implant is 6 cm from the ear canal at a 45-degree angle posterior and 
superior to the ear canal.  The incision should be made 7.5 to 8 cm from the 
external ear canal (1.5 to 2 cm from the location of the implant so the 
incision is not directly over the implant).  After making the incision, expose 
the skull where the implant has been placed.  The incision must be large 
enough to allow removal of the implant. See Figure 1 above. 
 
Step 2 - Implant Removal 
Remove each of the 5 screws holding the magnetic implant in place. It may 
be necessary to excise bone or tissue growth occurring over the face of  the 
implant.  Once the screws are removed the implant can be lifted carefully 
from the bone or bone beds.   Suture incision closed. 
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Instructions for Placement / Sizing of the Magnetic 
Spacers 
Magnetic Spacer Selection 
As with the Headband and Softband, application of appropriate pressure to the 
mastoid by the Sound Processor is essential for proper functioning of the 
system and patient comfort.  The Alpha 1 (M) configuration is supplied with five 
strengths of magnetic spacers to allow the fitting physician to adjust the force 
applied to the mastoid.  
 
The spacers are labeled with “dots” to indicate magnetic strength. Magnetic 
strength increases based on the number of dots present on the spacer.  One 
dot is the lowest strength and five dots is the highest strength. 
 
Several magnetic spacer strengths may be applicable to an individual patient.  
To determine the appropriate magnetic spacer for a patient use the “Go” and 
“No-Go” gages as follows. 
Using the “Go” gage to determine the weakest appropriate magnetic 
spacer 
1. Starting with the one dot magnetic spacer, place the magnetic spacer over 

the implant.  Magnetic attraction will pull the magnetic spacer toward the 
implant.  The magnetic spacer has two poles.  Rotate the magnetic spacer 
360 degrees until the magnetic spacer poles align with the implant poles 
and the strongest magnetic attraction is achieved.   

2. Ask the patient to sit upright with their head in a typical vertical position. 
Attach the “Go” gage clip to the patient’s clothing.   

3. Hang the “Go” gage disk from the magnetic spacer.  
4. If the magnetic spacer detaches from the side of the patient’s head, then 

the spacer is too weak and the process should be repeated with 
increasing magnetic spacer strengths until the magnetic spacer remains 
attached to the side of the head while attached to the “Go” gage disk. 

5. The lowest dot number magnetic spacer that passes the “Go” test 
indicates the weakest magnetic spacer strength that should be 
recommended to the patient. 

 
Using the “No -Go” gage to determine the strongest applicable magnetic 
spacer 
1. Starting with the lowest dot number magnetic spacer that passes the “Go” 

test, place the magnetic spacer over the implant.  Magnetic attraction will 
pull the magnetic spacer toward the implant.  The magnetic spacer has 
two poles.  Rotate the magnetic spacer 360 degrees until the poles align 
with the implant poles and the strongest magnetic attraction is achieved.   

2. Again, ask the patient to sit upright with their head in a typical vertical 
position.  Attach the “No-Go” gage clip to the patients clothing.   

3. Hang the “No-Go” gage disk from the magnetic spacer.  
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4. The magnetic spacer should detach from the head from the weight of the 
disk.  If the magnetic spacer detaches from the head then the magnetic 
spacer is one of the appropriate spacers for the patient. 

5. Repeat this process, increasing magnetic spacer strength one dot at a 
time until the magnetic spacer does not detach from head. 

6. The highest number magnetic spacer that detaches from the head using 
the “No-Go” test indicates the highest magnetic spacer strength that 
should be used by the patient on a regular basis. 

7. Any magnetic spacer that remains attached during the “No-Go” test is too 
strong and should not be recommended for patients long term use. 

8. If all magnetic spacers used in the “No-Go” test detach when the “No-Go” 
disc is attached, then all of the spacers tested in the “No-Go” test may be 
appropriate for the particular patient. 

 
Several spacer magnet strengths may be applicable for an individual patient.  
The patient should be prescribed the lowest dot magnet strength that is both 
comfortable, functions correctly and fits with their age and lifestyle. 
 

 

 

Warning 
 Excessive, long term use of magentic spacers that are too 

strong may lead to pain and or pressure necrosis for the 
patient.  Always recommend to the patient the lowest 
magnetic strength spacer that passes the “Go” test. 

 
.  

 

Caution 
 The patient should be instructed to select a lower strength 

spacer if the pressure on the skin is uncomfortable or if pain, 
numbness, or tingling occurs. 

 
Placement of the Alpha 1 (M) Audio Processor 
Approximately 4 weeks after the incision site has healed and all signs of 
inflammation are gone, the patient may be fit with the Alpha 1 (M) Audio 
Processor.   

 

 

Warning 
 Do not use of the Alpha 1(M) configuration of the device if the 

skin contact area of the sound processor is compromised in 
any way (i.e. – unhealed incision, psoriasis, or eczema).  
Failure to follow this warning may result in prolonged healing, 
further irritation, or infection. 
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4 Technical Data 
Information about Magnets 
Magnets in the Alpha 1 Headband, Softband, and Magnetic Implant create a 
permanent magnetic field.  A permanent magnetic field is not the same as, and 
should not be compared to, an electromagnetic field such as that of a mobile 
telephone or a high-voltage transmission line.  
 
None of the magnets associated with the Otomag System will affect cardiac 
pacemakers as long as the magnetic parts do not directly contact the 
pacemaker. 
 

 

Caution 
 Keep Otomag System components away from magnetic data 

storage media and electronic devices.  The Alpha 1 Sound 
Processor, Magnetic Implant, Headband, and Softband all 
contain magnets that can potentially damage magnetic data 
storage media and electronic devices.   

 To avoid potential of damage to the device, do not store the 
Otomag System near magnets or magnetic devices other than 
the magnetic spacer and implant. 

 

Patient-contacting Materials 
Implant  Material: The implant consists of a Samarium Cobalt sealed in a 
biocompatible titanium case.  Only the titanium case of the implant is in contact 
with patient tissue.  
 
Softband Material: The Softband is constructed of an elastic band and consists 
of approximately 85% nylon/15% Spandex.   
 
Portion of Headband or Softband that presses against the mastoid: 
Fotoplast Lacquer 3 (light-curing one-component lacquer)  
 
NO components or packaging for the Otomag Bone Conduction Hearing 
System contain latex. 
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Alpha 1 Sound Processor Technical Characteristics  
• Magnetically coupled bone conduction sound processor 
• Fully programmable digital hearing system 
• programs (programmable by audiologist) 
• 4 channels 
• 16 frequency bands 
• Low battery warning 
• Automatic noise reduction 
• Automatic feedback cancellation 
• Volume control 
• Outer material of Alpha 1 (S): plastic with a corrosion resistant steel disk 
• Weight: 10 g (with battery  
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Alpha 1 Sound Processor Performance Data  
(Measured according to DIN IEC 60118-9 Hearing Aids Part 9: Methods of 
measurement of characteristics of hearing aids with bone vibrator output) 
 

 

OFL (Output force level) at 90 dB SPL – Top Line) 
 

OFL (Output force level) at 60 dB SPL – Bottom Line) 

 
(Measured according to DIN IEC 60118-9. Averages include all configurations 
of softband, headband, and magnetic spacers for a given normal force) 
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• Acousto – mechanical gain at 60 dB SPL and 1600 Hz: 29 dB 
• Maximum gain at 60 dB SPL: 38 dB re 1 µN  
• Peak Output at 90 dB SPL: 115 dB re 1 µN 
• Frequency range per ANSI S3.22-2009: 280-5000 Hz 
• Frequency Processing Range: 125-8000 Hz 
• Total Harmonic Distortion per ANSI S3.22-2009: <3% 
• Equivalent input noise:  17 dB SPL 
• Battery current drain: 0.95 mA 
• Processor: 16 band, 4 Channel WDRC 
• Crossover Frequency Options: 0-1.25, 0.25-2.75, 1.75-7.75 kHz 
• Compression Attack Time: 0.25 ms 
• Compression Release Time: 8192 ms 
• Patient Volume Control Wheel: 38 dB range 
• Power Supply: 1.3V, #675 Zinc Air Battery 
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5 Storage and Handling 
Storage 

 

Caution 
 To avoid damage to the device, do not subject the Alpha 1 

Sound Processor to temperatures below -20 C (-4 F) or 
above +50 C (122 F) at any time.  

 To avoid potential of damage to the device, do not store the 
Otomag System near magnets or magnetic devices other 
than the magnetic spacer and implant. 

 

Handling  

 

Caution 
 Prior to use, inspect packaging to verify that it is intact and 

has not been damaged.  If the packaging is damaged, do not 
use the device and return it to Sophono, Inc.  Please see the 
address and phone number for Sophono, Inc. at the end of 
this Physician Manual 
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6 Professional Support 
For more information or to report concerns, contact: 

 
Sophono, Inc. 
903 Brooklawn Dr. 
Boulder, Colorado 80303 
USA 
+1 (303) 564-1663 
postmaster@sophono.com 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Manufactured for: Sophono, Inc. 903 Brooklawn Dr., Boulder, Colorado 
80303 USA +1 (303) 564-1663 
Printed in U.S.A. 
©Copyright Sophono, Inc. 
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Patient User Manual 

 
 
 
 
 

     
 

Alpha I (S) & Alpha I (M) 
Bone Conduction Hearing Systems 
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Company Information 
Contact information: 
 
Professional Support: 
Sophono, Inc. 
903 Brooklawn Dr. 
Boulder, Colorado 80303 
USA 
+1 (303) 564-1663 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 Federal Law (USA) restricts this device to sale by or on the order 

of a practitioner licensed by the law of the State in which he/she 
practices to use or order the use of the device. 
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1 About this Manual 
This Patient Manual provides a description of the Alpha I (S) & Alpha I (M) Bone 
Conduction Hearing Systems. This manual includes a description of the system’s 
features, performance, intended use, and important safety information. Please read 
this manual thoroughly before using the system. 
 
This Patient Instruction Manual included with each Alpha I (S) & Alpha I (M) Bone 
Conduction Hearing System should be referred to for information regarding: 
 
 Kit Contents 
 Instructions for Use 
 Patient Warnings and Precautions 
 Important Things to Remember 
 Maintenance 
 Customer Support 

Important Symbols 
A number of symbols are used throughout this manual in order to draw attention 
to safety items and other important information. 
 
The following symbols are used: 
 

 

Warning 
 Symbol indicates a potentially hazardous situation, which if 

not avoided could result in death or serious injury to the 
user. 

 

Caution 
 Symbol indicates a situation that the user must take into 

consideration to ensure the safe and effective operation of 
the equipment and associated accessories. 

 

Notes 
 Symbol indicates important general information for using the 

system successfully. 
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2 Introduction 
Dear Customer: 
Congratulations on the purchase of your new Otomag Bone Conduction Hearing 
System!  
 
The Otomag Bone Conduction Hearing System includes a family of Sound 
Processors and accessories that operate on the principle of bone conduction of 
sound vibrations.   
 
The Otomag Bone Conduction Hearing System is supplied in either of two 
configurations.  The first configuration is the Alpha 1 (S), in which the Otomag 
Sound Processor is attached magnetically to a Headband or Softband.  The 
second configuration is Alpha 1 (M), in which the Otomag Sound Processor is 
attached magnetically to a Magnetic Implant placed behind the patient’s ear.  
The Headband, Softband, or Magnetic Implant holds the Sound Processor 
against the head, and vibration is transduced through direct contact with the 
patient’s skin and the bone below.   
 
The Otomag System is designed for use for patients with conductive hearing 
loss, patients who have sensorineural hearing loss up to 45 dB in combination 
with their conductive loss, and patients who suffer from single sided deafness 
as defined in the indications for use.  The prescriptive formula and adjustments 
available to the audiologist in the software package allow for programming the 
Otomag System for individual patient hearing loss. 
 
This Patient Manual will help you quickly gain confidence with your new Otomag 
Bone Conduction Hearing System. If you have further questions please consult 
your hearing healthcare provider. 
 

General Information 
A hearing device will not restore normal hearing and will not prevent or improve 
a hearing impairment resulting from organic conditions.  In most cases 
infrequent use of a hearing device does not permit a user to attain full benefit.  
The use of a hearing device is only part of hearing habilitation and may need to 
be supplemented by auditory training and instruction in lip reading. 
 

Note 
 NO components or packaging of the Otomag Bone 

Conduction Hearing System contain latex 
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Warnings and Cautions Overview 
The following section contains a description of all patient related Warnings and 
Cautions associated with the Otomag Bone Conduction Hearing System.  
Knowledge of the following information is essential for safe operation of the 
device.  Specific Warnings and Cautions pertaining to patient instructions are 
included in the body of the manual and are indicated by the appropriate symbol. 

 

Warning 

 
 

 Thoroughly read Patient Manual before using the Otomag 
Bone Conduction Hearing System. 

 Rule out allergies and other reactions to device materials prior 
to prescribing the Otomag System.   

 A blow to the head in the area of the Otomag Alpha 1 Sound 
Processor may result in personal injury and damage to the 
device or device failure. 

 When using the Otomag Alpha 1 (S) Softband, make sure that 
a finger can be placed between the skull and Softband to 
ensure that the Softband is not too tight. 

 Do not obtain an Magnetic Resonance Imaging (MRI) 
procedure while wearing an Otomag Alpha 1 Sound 
Processor, Magnetic Implant, Headband, or Softband. 

 Never store hearing aids and batteries within reach of small 
children or animals.  The batteries are small, easily swallowed, 
and can poison small children and animals. 

 Do not dispose of your Sound Processor in an incinerator or 
fire.  In no case should batteries be thrown into an open fire. 

 Do not attempt to recharge batteries. 
 If you experience discomfort, pain, numbness, or tingling of the 

skin in the area of your magnetic implant, remove the sound 
processor assembly and see your physician for refitting of the 
device. 

Caution  

 

 Read this Patient User Manual and keep it available so you 
can refer to it when needed. 

 The Alpha 1 Sound Processor, Magnetic Implant, Headband, 
and Softband are intended for single-patient use only.  Do not 
use any of these products if they have previously been used 
with another patient.   

 Keep Otomag System components away from magnetic data 
storage media and electronic devices.  The Alpha 1 Sound 
Processor, Magnetic Implant, Headband, and Softband all 
contain magnets that can potentially damage magnetic data 
storage media and electronic devices.   

 To avoid damage to the device, do not subject the Alpha 1 
Sound Processor to temperatures below -4 °F (-20 °C) or 
above 122 °F (+50 °C) at any time.  
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Caution  

 

 To avoid damage to the device, do not store the Otomag 
System near magnets or magnetic devices. 

 Remove the Sound Processor, Headband and Softband 
before x-rays of the head and neck 

 Remove the Sound Processor, Headband, and Softband 
during radiation therapy 

 Portable and mobile RF (radio frequency) communications 
equipment can affect the performance of the Sound 
Processor. 

 Interference may occur in the area of equipment which is 
labeled with the following symbol:   
 

 Dispose of batteries and electronic items in accordance with 
your local regulations. 

 When navigating through security in airports remove the 
Sound Processor, Headband and Softband and have them 
screened through the x-ray screening process.  The Sound 
Processor, Headband and Softband contain metal that may 
activate the airport security metal detectors. 

 Do not use the Alpha 1 Sound Processor, Headband or 
Softband while participating in contact sports.  Hard physical 
contact with the device or a blow to the head in the area of 
the Alpha 1 Sound Processor, Headband or Softband may 
result in damage to the device or device failure. 

 Clean the Alpha 1 Processor, Headband, and Softband only 
as directed.  Other common household cleaning chemicals or 
methods, such as washing machines, bleach, ammonia, or 
spray cleaners may damage the device. 

 To avoid damage to the case or the Sound Processor, do not 
use household soaps or rinse / submerge the case under 
water and do not wash the case in the dishwasher.  Should 
the case become wet for any reason, allow the case to air dry 
completely before storing the Alpha 1 Processor in the case. 

 When removing the Sound Processor do not pull on the 
processor itself, this could result in damage to the device. 

 The Sound Processor is not water proof and should not be 
worn in heavy rain, in the bath or shower, or in other 
environments when exposure to heavy moisture is likely.  
Exposure to moisture may cause damage to the device. 

 Protect your Sound Processor from impact and shock.  Avoid 
dropping your Sound Processor. 
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Indications for Use 
The Otomag Alpha 1 Sound Processor is intended for use with the Otomag 
Headband or Otomag Softband (no age limitations), or with the Otomag 
Magnetic Implant (patients 5 years of age and up) for the following patients and 
indications: 
 
• Patients with conductive or mixed hearing losses, who can still benefit from 

amplification of sound.  The pure tone average (PTA) bone conduction (BC) 
threshold for the indicated ear should be better than 45 dB HL (measured 
at 0.5, 1, 2, and 3 kHz).  

• Bilateral fitting is applicable for most patients having a symmetrically 
conductive or mixed hearing loss.  The difference between the left and right 
sides’ BC thresholds should be less than 10dB on average measured at 
0.5, 1, 2, and 4 kHz, or less than 15 dB at individual frequencies.  

• Patients who have a profound sensorineural hearing loss in one ear and 
normal hearing in the opposite ear, who for some reason will not or cannot 
use an AC CROS.  The pure tone average (PTA) air conduction (AC) 
threshold of the hearing ear should be better than 20 dB HL (measured at 
0.5, 1, 2 and 3 kHz).  

Contraindications 

Contraindications for the Otomag Alpha 1 Sound Processor connected to the 
Otomag Headband, Softband, or Magnetic Implant are as follows: 
Any factor that would cause a clinician to refer the patient for medical 
assessment will temporarily, or in some cases permanently, halt the process of 
hearing aid fitting. These factors include:  
 
• A hearing loss of sudden onset;  
• A rapidly progressing hearing loss;  
• Pain in either ear;  
• Tinnitus of sudden recent onset, or unilateral tinnitus;  
• Unilateral or markedly asymmetrical hearing loss of unknown origin;  
• Vertigo (e.g. dizziness) 
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3 Operating Instructions 
Insertion of the battery 
Size 675 batteries are required for your Alpha I Sound Processor. 
 
See Figure 1 for details.  Open the battery compartment (1) with a fingernail and 
insert the battery (2) so that the plus (+) sign on the battery and the plus (+) sign 
on the battery compartment are on the same side. Close the battery 
compartment with a finger. The Sound Processor is now switched on. 
 

 

Caution 
 Dispose of batteries and electronic items in accordance with 

your local regulations. 

 
Switch off your Sound Processor whenever you’re not using it by pivoting the 
battery compartment fully out. This will help preserve battery life. The Alpha 1 
has a low battery indicator that generates a tone when it is time to replace the 
battery.  Your hearing healthcare provider can adjust the volume and tone of the 
low battery indicator for you. 
 

 
Figure 1.  Alpha I Sound Processor 

 

 

Warning 
 Never store hearing aids and batteries within reach of small 

children or animals.  The batteries are small, easily 
swallowed, and can poison small children and animals 

 Do not attempt to recharge batteries. 
 Do not dispose of your Sound Processor in an incinerator or 

fire.  In no case should batteries be thrown into an open fire 
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Start-up and Operation 
Switch on the Alpha 1 Sound Processor by pivoting the battery compartment 
fully in.  

Positioning the Sound Processor  
Alpha 1 (S) 
To place the Alpha 1 (S) Sound Processor, simply guide it into the vicinity of the 
magnetic pad in the Softband or Headband. The magnetic forces will bring it to 
its correct position. See Figure 2. 
 

 
Figure 2.  Positioning the Alpha I (S) Sound Processor on the Softband 

 

 

Warning 
 When using the Otomag Alpha 1 (S) Softband, make sure 

that a finger can be placed between the skull and Softband 
to ensure that the Softband is not too tight. 

 
Alpha 1 (M) 
To place the Alpha 1 (M) Sound Processor, simply guide it into the vicinity of the 
Magnetic Implant. The magnetic forces will bring it to its correct position. See 
Figure 3. 
 

 

 
Figure 3.  Positioning the Alpha I (M) Sound Processor on the Magnetic Implant 
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Warning 
 If you experience discomfort, pain, numbness, or tingling of 

the skin in the area of your magnetic implant, remove the 
sound processor assembly and see your physician for refitting 
of the device. 

 
 

 

Caution 
 The Alpha 1 Sound Processor, Magnetic Implant, 

Headband, and Softband are intended for single-patient use 
only.  Do not use any of these products if they have 
previously been used with another patient.   

 

Volume Control 
The volume can be adjusted with the small wheel that is situated on the outside 
of the Alpha 1 Sound Processor. Using the tip of the index finger, apply slight 
pressure on the rotary button and simultaneously turn forward to increase 
volume. Turn the rotary button in the opposite direction to reduce volume.  
 
You can switch off the Sound Processor by opening the battery access door. As 
soon as you take off the device, switch it off. See Figure 4 for details. 
 

 
Figure 4.  Alpha I Sound Processor 

Program 
Selection 
Button 

Volume Control

Battery 
Access Door 

External 
Microphone 

 

Program Selection Button 
The Alpha 1 Sound Processors offer four program settings for different hearing 
situations. By pressing the small button on the Sound Processor, the programs 
can be activated. For each activated program you will hear a corresponding 
signal tone for recognition. 
 

• Program 1: Instrument beeps once 
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• Program 2: Instrument beeps twice 
• Program 3: Instrument beeps three times 
• Program 4: Instrument beeps four times 

 
Your hearing healthcare provider will inform you when each of the programs 
should be used 

Removing the Sound Processor  
To remove the Alpha 1 Sound Processor, pull ONLY on the steel disk.  See 
Figure 5.  Alpha 1 Sound Processor w/ Metal Disc for Magnetic Attachment 
 

Metal 
Disc
Metal 
Disc

 
Figure 5.  Alpha 1 Sound Processor w/ Metal Disc for Magnetic Attachment 

 

 

Note 
 If you remove the Sound Processor without switching it off, it 

generates a vibrating tone which leads to high battery 
consumption. Therefore, always properly switch off the 
Sound Processor when you are not wearing it. 

 

 

Caution 
 When removing the Sound Processor do not pull on the 

processor itself, this could result in damage to the device. 
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If Your Sound Processor Does Not Function  
Check the following if the Sound Processor is not functioning properly: 
 

• The device is properly switched on and the battery compartment is fully 
closed 

• The battery is not dead  
• The battery surface is clean. 

 
If the device still is not functioning properly, see your hearing healthcare 
provider. 
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4 Product Maintenance 
Cleaning and Care 
Sound Processor 

• Have your Sound Processor checked at regular intervals as specified by 
your hearing professional. 

• To clean your Sound Processor, wipe it with a soft cloth or a Clorox® 
type disinfecting wipe 

• The battery compartment may be cleaned by wiping it out with a DRY 
cotton swab or a cotton swab that has been moistened by a Clorox® type 
disinfecting wipe. 

 

 

Note 
 Remove the Sound Processor, Softband, and Headband 

during the application of hairspray or styling gels.  If 
hairspray or gel comes in contact with the Sound Processor it 
may become sticky and difficult to clean 

 

• If the Sound Processor becomes soaked with water: 
o Immediately open the battery door and remove the battery 
o Put the Sound Processor in a container with drying capsules such as 

Dri-aid kit or similar overnight.  Drying kits are available from most 
hearing care professionals.   

 

 

Caution 
 The Sound Processor is not water proof and should not be 

worn in heavy rain, in the bath or shower, or in other 
environments when exposure to heavy moisture is likely.  
Exposure to moisture may cause damage to the device.  

 To avoid damage to the case or the Sound Processor, do 
not use household soaps or rinse / submerge the case under 
water and do not wash the case in the dishwasher.  Should 
the case become wet for any reason, allow the case to air 
dry completely before storing the Alpha 1 Processor in the 
case  

 

• The Sound Processor is provided in a plastic case which may be used to 
store the processor. This case may be cleaned with a Clorox® type 
disinfecting wipe.  Make sure the case is completely dry before storing 
the Sound Processor in it. 
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Caution 
 The Sound Processor is designed to operate within the 

temperature ranges of 41oF (+5oC) to 104oF (+40oC).  The 
processor should not be subject to temperatures below -4oF 
(-20oC) or above 122oF (+50oC) at any time.   

 Protect your Sound Processor from impact and shock.  
Avoid dropping your Sound Processor 

 Do not expose the Sound Processor to strong sunlight 
 Always switch your device off when you remove it.  If you do 

not use your Sound Processor for a long time, remove the 
battery and store the Sound Processor in its case 

 
Softband and Headband 

• The Headband can be cleaned with a Clorox® type disinfecting wipe.   

• The Softband may be submerged and hand washed with a mild clothes 
washing detergent (with or without a small amount of color safe bleach) 
and air dried or may be cleaned with a Clorox® type disinfecting wipe. 

Magnetic Spacer 
• The Magnetic Spacer can be cleaned with a Clorox® type disinfecting 

wipe.   
 

 

Caution 
 Clean the Alpha 1 Processor, Magnetic Spacer, Headband, 

and Softband only as directed.  Other common household 
cleaning chemicals or methods, such as washing machines, 
bleach, ammonia, or spray cleaners may damage the 
device. 

 To avoid damage to the case or the Sound Processor, do 
not use household soaps or rinse / submerge the case 
under water and do not wash the case in the dishwasher.  
Should the case become wet for any reason, allow the case 
to air dry completely before storing the Alpha 1 Processor in 
the case. 
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Damage and Replacement 
The expected live span for the Sound Processor, Magnetic Spacer, Softband, 
and Headband is approximately 4 years depending on use, wear, and tear.  The 
Sound Processor will need to be repaired or replaced when it no longer 
produces adequate vibrations or the sounds become highly distorted.  The 
Softband should be replaced when it becomes damaged or the elastic begins to 
be stretched out and it can no longer be tightened adequately for sound 
transmission.  The Headband should be replaced when it becomes damaged or 
no longer has enough spring force to press the magnetic pad against the head 
for adequate sound transmission. Replacement Headbands and Softbands may 
be purchased through your hearing healthcare provider from Sophono, Inc.  

5 Accessories 
If your Alpha 1 Sound Processor has a jack for an FM boot, you may plug the boot 
of a Phonak MLxi FM receiver into the bottom of the Sound Processor.  
 
If you are concerned about the Alpha 1 Sound Processor falling off your head, a 
clip and tether are available so that the Sound Processor can be tethered to a 
garment you’re wearing. 
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6 Technical Data 
Information about Magnets 
Magnets in the Alpha 1 Headband, Softband, and Magnetic Implant create a 
permanent magnetic field.  A permanent magnetic field is not the same as, and 
should not be compared to, an electromagnetic field such as that of a mobile 
telephone or a high-voltage transmission line.  
 
None of the magnets associated with the Otomag System will affect cardiac 
pacemakers as long as the magnetic parts do not directly contact the 
pacemaker. 
 

 

Caution 
 Keep Otomag System components away from magnetic 

data storage media and electronic devices.  The Alpha 1 
Sound Processor, Magnetic Implant, Headband, and 
Softband all contain magnets that can potentially damage 
magnetic data storage media and electronic devices.   

 To avoid potential of damage to the device, do not store the 
Otomag System near magnets or magnetic devices other 
than the magnetic spacer and implant. 

  

Patient-contacting Materials 
Implant Material: The implant consists of a Samarium Cobalt sealed in a 
Titanium case.   
 
Softband Material: The Softband is constructed of an elastic band and consists 
of approximately 85% nylon/15% Spandex.   
 
Portion of Headband or Softband that presses against the mastoid: 
Fotoplast Lacquer 3 (light-curing one-component lacquer)  
 
NO components or packaging for the Otomag Bone Conduction Hearing 
System contain latex. 

Alpha 1 Sound Processor Technical Characteristics  
• Magnetically coupled bone conduction Sound Processor 
• Fully programmable digital hearing system 
• Programs (programmable by audiologist) 
• 4 channels 
• 16 frequency bands 

                                                
                                       Page 112 of 289

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



 
   

Alpha I (S) & Alpha I (M) Patient User Manual – REV 5 - 18 - 

• Low battery warning 
• Automatic noise reduction 
• Automatic feedback cancellation 
• Volume control 
• Outer material of Alpha 1 (S): plastic with a corrosion resistant steel disk 
• Weight: 10 g (with battery)  

Alpha 1 Sound Processor Performance Data  
(Measured according to DIN IEC 60118-9 Hearing Aids Part 9: Methods of 
measurement of characteristics of hearing aids with bone vibrator output) 
 

 

OFL (Output force level) at 90 dB SPL – Top Line) 
 

OFL (Output force level) at 60 dB SPL – Bottom Line) 

 
(Measured according to DIN IEC 60118-9. Averages include all configurations 
of softband, headband, and magnetic spacers for a given normal force) 
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• Acousto – mechanical gain at 60 dB SPL and 1600 Hz: 29 dB 
• Maximum gain at 60 dB SPL: 38 dB re 1 µN  
• Peak Output at 90 dB SPL: 115 dB re 1 µN 
• Frequency range per ANSI S3.22-2009: 280-5000 Hz 
• Frequency Processing Range: 125-8000 Hz 
• Total Harmonic Distortion per ANSI S3.22-2009: <3% 
• Equivalent input noise:  17 dB SPL 
• Battery current drain: 0.95 mA 
• Processor: 16 band, 4 Channel WDRC 
• Crossover Frequency Options: 0-1.25, 0.25-2.75, 1.75-7.75 kHz 
• Compression Attack Time: 0.25 ms 
• Compression Release Time: 8192 ms 
• Patient Volume Control Wheel: 38 dB range 
• Power Supply: 1.3V, #675 Zinc Air Battery 
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7 Professional Support 
 

For more information or to report concerns contact: 
 

Sophono, Inc. 
903 Brooklawn Dr. 
Boulder, Colorado 80303 
USA 
+1 (303) 564-1663 
postmaster@sophono.com 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Manufactured for: Sophono, Inc. 903 Brooklawn Dr., Boulder, Colorado 80303 USA 
+1 (303) 564-1663 
Printed in U.S.A. 
©Copyright Sophono, Inc. 
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Sophono Inc. - Traditional 510(k) Otomag Bone Conduction Hearing System   
Section 08: Declarations of Conformity with Standards 

Section 08: Declarations of Conformity and Summary Reports 

1. Conformity with Standards 
1.1. The Otomag Bone Conduction Hearing System and its development process conforms 

with all applicable requirements of the following National and International Standards. 

1.1.1. ISO 14971:2007: Medical devices – application of risk management to medical 
devices; 

1.1.2. FDA Memorandum #G95-1: Use of International Standard ISO 10993, Biological 
Evaluation of Medical Devices Part 1: Evaluation and Testing 

1.1.3. ISO 17665-1:2006: Sterilization of Healthcare Products - Moist Heat - Part 1 
Requirements for the Development, Validation, and Routine Control of 
Sterilization Process for Medical Devices 

1.1.4. ISO 17664-1:2004: Sterilization of medical devices - Information to be provided 
by the manufacturer for the processing of resterilizable medical devices 

1.1.5. ISO 15223-1:2007: Medical devices - Symbols to be used with medical device 
labels, labeling and information to be supplied 

1.1.6. AAMI TIR 12:2004 Designing, testing and labeling reusable medical devices for 
reprocessing in health care facilities: A guide for medical device manufacturers 

1.1.7. AAMI/ANSI ST8:2008, Hospital steam sterilizers 

1.1.8. AAMI/ANSI ST67:2003/(R) 2008, Sterilization of health care products – 
Requirements for products labeled “STERILE” 

1.1.9. AAMI / ANSI ST77:2006, Containment devices for reusable medical device 
sterilization 

1.1.10. AAMI/ANSI ST79:2006, A1:2008,A2: 2009 Comprehensive guide to steam 
sterilization and sterility assurance in health care facilities 

1.1.11. AAMI/ANSI ST81:2004, Information to be provided by the manufacturer for the 
processing of resterilizable medical devices 

1.1.12. ASTM F136 – 08e1: Specification for Wrought Titanium-6 Aluminum-4 Vanadium 
ELI (Extra Low Interstitial) Alloy for Surgical Implant Applications 

1.1.13. ASTM F67-06: Standard Specification for Unalloyed Titanium, for Surgical 
Implant Applications 

1.2. FDA Form #3654 has been completed for each of the standards referenced above.  
These forms are included in Appendix A to the overall submission. 

 

Page 08-1 of 1 
                                                
                                       Page 174 of 289

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



_ __ __

Form Approved: OMB No. 0910-0120; Expiration Date: 8/31/10 

Department of Health and Human Services 
Food and Drug Administration 

STANDARDS DATA REPORT FOR 51 O(k)s 
(To be filled in by applicant) 

This report and the Summary Report Table are to be completed by the applicant when submitting a 51 O(k) that refer
ences a national or international standard. A separate report is required for each standard referenced in the 51 O(k). 

TYPE OF 510(K) SUBMISSION 

III Traditional D Special D Abbreviated 

STANDARD TITLE 1 

ASTM F136 - 08el Standard Specification for Wrought Titanium-6 Aluminum-4 Vanadium ELI (Extra Low Interstitial) Alloy f... 

Please answer the following questions Yes No 

Is this standard recognized by FDA 2? .................................................................................................. 0 ~ 

FDA Recognition number 3 .................................................................................................................... # NA 

Was a third party laboratory responsible for testing conformity of the device to this standard identified 
in the 51 O(k)? ........................................................................................................................................ [l] 0 

Is a summary report 4 describing the extent of conformance of the standard used included in the 
51 O(k)? .................................................................................................................................................. 0 [l] 
If no, complete a summary report table. 

Does the test data for this device demonstrate conformity to the requirements of this standard as it 
pertains to this device? ......................................................................................................................... [l] 0 

Does this standard include acceptance criteria? .................................................................................. [£] 0 
If no, include the results of testing in the 510(k). 

Does this standard include more than one option or selection of tests? ............................................... 0 [£] 
If yes, report options selected in the summary report table. 

Were there any deviations or adaptations made in the use of the standard? ........................................ 0 [£] 
If yes, were deviations in accordance with the FDA supplemental information sheet (SIS) 5? .............. 0 0 

Were deviations or adaptations made beyond what is specified in the FDA SIS? ................................. 0 [£] 
If yes, report these deviations or adaptations in the summary report table. 

Were there any exclusions from the standard? ..................................................................................... 0 [£] 
If yes, report these exclusions in the summary report table. 

Is there an FDA guidance6 that is associated with this standard? ......................................................... D ~ 
If yes, was the guidance document followed in preparation of this 51 Ok? ............................................. 0 D 
Title of guidance: .N~_. .._.._._..._..._......•- . .... .._-------_. ._._------_._. ...._._

1 The formalling convention for the IiIle is: [SDO] [numeric identifier] certification body involved in conformance assessment to this 
[title of standard] [date of pUblication] standard. The summary report includes information on ali standards 

2 Authority [21 U.S.C. 360d]. www.fda,gov/cdrh/stdsprog.html utilized during the development of the device. 

3 hllp:/Iwww.accessdata,fda,gov/scripts/cdrh/cfdocs/cfStandardsl 5 The supplemental information sheet (SIS) is additional information 

search,cfm which is necessary before FDA recognizes the standard. Found at 
hllp:/Iwww,accessdata.fda.gov/scripts/cdrh/cfdocs/cfStandardsl 

4 The summary report should include: any adaptations used to adapt 
search.cfmto the device under review (for example. alternative test methods); 

choices made when options or a selection of methods are described; 6 The online search for CDRH Guidance Documents can be found at 

deviations from the standard; requirements not applicable to the www,fda,gov/cdrh/guidance.html 

device; and the name and address of the test laboratory or 
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EXTENT OF STANDARD CONFORMANCE
 
SUMMARY REPORT TABLE
 

STANDARD TITLE 

ASTM F136 - 08eI Standard Specification for Wrought Titanium-6 Aluminum-4 Vanadium ELl (Extra Low Interstitial) Alloy f... 

CONFORMANCE WITH STANDARD SECTIONS· 

SECTION NUMBER SECTION TITLE CONFORMANCE? 

All All III Yes ONe o N/A 

TYPE OF DEVIATION OR OPTION SELECTED + 

NA - No deviations or adaptations were made in the use of the standard 

DESCRIPTION 

JUSTIFICATION 

SECTION NUMBER SECTION TITLE CONFORMANCE? 

DYes ONe o N/A 

TYPE OF DEVIATION OR OPTION SELECTED + 

DESCRIPTION 

JUSTIFICATION 

SECTION NUMBER SECTION TITLE CONFORMANCE? 

QYes bJ Ne ldi N/A 

TYPE OF DEVIATION OR OPTION SELECTED + 

DESCRIPTION 

JUSTIFICATION 

*	 For completeness list all sections of the standard and indicate whether conformance is met. If a section is not applicable (N/A) 
an explanation is needed under "justification." Some standards include options, so similar to deviations, the option chosen needs 
to be described and adequately justified as appropriate for the subject device. Explanation of all deviations or description of 
options selected when following a standard is required under "type of deviation or option selected," "description" and "justifica
tion" on the report. More than one page may be necessary. 

9	 Types of deviations can include an exclusion of a section in the standard, a deviation brought out by the FDA supplemental 
information sheet (SIS), a deviation to adapt the standard to the device, or any adaptation of a section. 

Paperwork Reduction Act Statement 

Public reporting burden for this collection of information is estimated to average I hour per response, including the 
time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and 
completing and reviewing the collection ofinfomlation. Send comments regarding this burden estimate or any other 
aspect of this collection of information, including suggestions for reducing this burden, to: 

Center for Devices and Radiological Health 
1350 Piccard Drive 
Rockville, MD 20850 

An agency may not conduct or sponsor, and a person is not required to re~pond to, a collection olin/ormation 
unless it displays a currently valid OMB control number. 

FORM FDA 3654 (9/07)	 Page 2 
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-----

Form Approved: OMB No. 0910-0120; Expiration Date: 8/31/10 

Department of Health and Human Services
 
Food and Drug Administration
 

STANDARDS DATA REPORT FOR 510(k)s 
(To be filled in by applicant) 

This report and the Summary Report Table are to be completed by the applicant when submitting a 510(k) that refer
ences a national or international standard. A separate report is required for each standard referenced in the 51 O(k). 

TYPE OF 510(K) SUBMISSION 

III Traditional o Special D Abbreviated 

STANDARD TITLE 1 

ASTM F67-06, Standard Specification for Unalloyed Titanium for Surgical Implant Applications (UNS R50250, UNS R50400, ... 

Please answer the following questions Yes No 

Is this standard recognized by FDA 2? .................................................................................................. [2] D
 

FDA Recognition number 3 .................................................................................................................... # 8-129
 

Was a third party laboratory responsible for testing conformity of the device to this standard identified 
in the 51 O(k)? ........................................................................................................................................ Il] D
 

Is a summary report 4 describing the extent of conformance of the standard used included in the
 
51 O(k)? .................................................................................................................................................. D Il]
 
If no, complete a summary report table.
 

Does the test data for this device demonstrate conformity to the requirements of this standard as it 
pertains to this device? ......................................................................................................................... Il] D
 

Does this standard include acceptance criteria? .................................................................................. [2] D
 
If no, include the results of testing in the 51 O(k). 

Does this standard include more than one option or selection of tests? ............................................... D [2]
 
If yes, report options selected in the summary report table. 

Were there any deviations or adaptations made in the use of the standard? ........................................ D [2]
 
If yes, were deviations in accordance with the FDA supplemental information sheet (SIS) 5? .............. D D
 

Were deviations or adaptations made beyond what is specified in the FDA SIS? ................................. D [2] 
If yes, report these deviations or adaptations in the summary report table. 

Were there any exclusions from the standard? ..................................................................................... D [2] 
If yes, report these exclusions in the summary report table. 

Is there an FDA guidance6 that is associated with this standard? ......................................................... D [2J
 
If yes, was the guidance document followed in preparation of this 51 Ok? ............................................. D D
 
Title of guidance: ~A ______~__....._._ .. - ..._...._---- _.._-"--_.._.._.

1 The formatting convention for the title is: [5001 [numeric identifier] certification body involved in conformance assessment to this 
[title of standard] [date of pUblication] standard. The summary report includes information on all standards 

2 Authority [21 U.S.C. 360d]. www.fda.gov/cdrh/stdsprog.html utilized during the development of the device.
 
3 http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfStandardsl
 5 The supplemental information sheet (SIS) is additional information 

search.cfm which is necessary before FDA recognizes the standard. Found at 
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfStandardsl

4 The summary report should include: any adaptations used to adapt 
search.cfmto the device under review (for example. alternative test methods); 

choices made when options or a selection of methods are described; 6 The online search for CDRH Guidance Documents can be found at 
deviations from the standard; requirements not applicable to the www.fda.gov/cdrh/guidance.html
 
device; and the name and address of the test laboratory or
 

FORM FDA 3654 (9/07) Page 1 PSC Graphic~ (301) 44)·1090 EF 

                                                
                                       Page 177 of 289

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



EXTENT OF STANDARD CONFORMANCE
 
SU.MMARYrREPORTTABLE
 

STANDARD TITLE 

ASTM F67-06, Standard Specification for Unalloyed Titanium for Surgical Implant Applications (UNS R50250, UNS R50400, ... 

CONFORMANCE WITH STANDARD SECTIONS* 

SECTION NUMBER SECTION TITLE CONFORMANCE? 

All All III Ves ONo ONIA 

TYPE OF DEVIATION OR OPTION SELECTED • 

NA - No deviations or adaptations were made in the use of the standard 

DESCRIPTION 

JUSTIFICATION 

SECTION NUMBER SECTION TITLE CONFORMANCE? 

Dves o No o NIA 

TVPE OF DEVIATION OR OPTION SELECTED • 

DESCRIPTION 

JUSTIFICATION 

SECTION NUMBER SECTION TITLE CONFORMANCE? 

aVes bl No a NIA 

TVPE OF DEVIATION OR OPTION SELECTED· 

DESCRIPTION 

JUSTIFICATION 

* For completeness list all sections of the standard and indicate whether conformance is met. If a section is not applicable (N/A) 
an explanation is needed under "justification." Some standards include options, so similar to deviations. the option chosen needs 
to be described and adequately justified as appropriate for the subject device. Explanation of all deviations or description of 
options selected when following a standard is required under "type of deviation or option selected," "description" and "justifica
tion" on the report. More than one page may be necessary. 

• Types of deviations can include an exclusion of a section in the standard. a deviation brought out by the FDA supplemental 
information sheet (SIS), a deviation to adapt the standard to the device, or any adaptation of a section. 

Paperwork Reduction Act Statement 

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the 
time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and 
completing and reviewing the collection of information. Send comments regarding this burden estimate or any other 
aspect of this collection of information, including suggestions for reducing this burden, to: 

Center for Devices and Radiological Health 
1350 Piccard Drive 
Rockville, MD 20850 

An agency may not conduct or sponsor, and a person is not required to respond to, a collection ofinformation 
unless it displays a currently valid OMB control number. 

FORM FDA 3654 (9/07) Page 2 

                                                
                                       Page 178 of 289

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Form Approved: OMB No. 0910-0120; Expiration Date: 8/31/10 

Department of Health and Human Services
 
Food and Drug Administration
 

STANDARDS DATA REPORT FOR 510(k)s
 
(To be filled in by applicant)
 

This report and the Summary Report Table are to be completed by the applicant when submitting a 510(k) that refer
ences a national or international standard. A separate report is required for each standard referenced in the 51 O(k). 

TYPE OF 510(K) SUBMISSION 

III Traditional o Special o Abbreviated 

STANDARD TITLE 1 

AAMI/ANSI ST81 :2004,Sterilization of medical devices - Infoonation to be provided by the manufacturer for the processing of ... 

Please answer the following questions Yes No 

Is this standard recognized by FDA 2? .................................................................................................. [ZJ D
 

FDA Recognition number 3 .................................................................................................................... # 14-295
 

Was a third party laboratory responsible for testing conformity of the device to this standard identified 
in the 51 O(k)? ........................................................................................................................................ 0 III 

Is a summary report 4 describing the extent of conformance of the standard used included in the 
51 O(k)? .................................................................................................................................................. 

If no, complete a summary report table. 
0 III 

Does the test data for this device demonstrate conformity to the requirements of this standard as it 
pertains to this device? ......................................................................................................................... 0 [ZJ 

Does this standard include acceptance criteria? .................................................................................. 

If no, include the results of testing in the 51 O(k). 
0 !2l 

Does this standard include more than one option or selection of tests? ............................................... 
If yes, report options selected in the summary report table. 

0 [ZJ 

Were there any deviations or adaptations made in the use of the standard? ........................................ 

If yes, were deviations in accordance with the FDA supplemental information sheet (SIS) 5? .............. 
0 
0 

l2J 
0 

Were deviations or adaptations made beyond what is specified in the FDA SIS? ................................. 
If yes, report these deviations or adaptations in the summary report table. 

0 [ZJ 

Were there any exclusions from the standard? ..................................................................................... 

If yes, report these exclusions in the summary report table. 
0 [ZJ 

Is there an FDA guidance6 that is associated with this standard? ......................................................... 
If yes, was the guidance document followed in preparation of this 510k? ............................................. 

[ZJ 
D 

0 
[ZJ 

Title of guidance: La~~ling reusable medicaldevices for reproce.~~i~g!!:.healthcare f~c~lities: FD~ ~~viewer Guidance<?D 

1 The formatting convention for the title is: [SDO] [numeric identifier] certification body involved in conformance assessment to this 
[title of standard] [date of pUblication] standard. The summary report includes information on all standards 

2 Authority [21 U.S.C. 360d], www.fda.gov/cdrh/stdsprog.html utilized during the development of the device. 
3 http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfStandardsl 5 The supplemental information sheet (SIS) is additional information 

search.cfm which is necessary before FDA recognizes the standard. Found at 
hltp:/Iwww.accessdata.fda.gov/scripts/cdrh/cfdocs/cfStandardsl 

4 The summary report should include: any adaptations used to adapt 
search.cfmto the device under review (for example. alternative test methods); 

choices made when options or a selection of methods are described; 6 The online search for CDRH Guidance Documents can be found at 
deviations from the standard; requirements not applicable to the www.fda.gov/cdrh/guidance.html 
device; and the name and address of the test laboratory or 
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3.10 

EXTENT OF STANDARD CONFORMANCE
 
SUMMARY REPORT TABLE
 

STANDARD TITLE 

AAMI/ANSI ST81 :2004,Sterilization of medical devices - Information to be provided by the manufacturer for the processing of ... 

CONFORMANCE WITH STANDARD SECTIONS· 

FORM FDA 3654 (9/07) Page 2 

CONFORMANCE?SECTION NUMBER SECTiON TITLE 

Sterilization III Yes DNo o N/A 

TYPE OF DEVIATION OR OPTION SELECTED· 

The standard was followed although the device is not intended to be resterilized: it is provided to the end user non-sterile. 

DESCRIPTION 

Instructions and parameters are provided for proper moist heat sterilization of the device prior to use. 

JUSTIFICATION 

Information is appropriate for sterilization of the device prior to use. 

CONFORMANCE?SECTION NUMBER SECTION TITLE 

Remainder Remaining sections of Standard DYes o No III N/A 

TYPE OF DEVIATION OR OPTION SELECTED· 

NA 

DESCRIPTiON 

NA 

JUSTIFICATION 

Remainder of Standard does not apply to Sterilization. Purpose of referencing STP is only to validate sterilization instructions. 

CONFORMANCE?SECTiON NUMBER SECTION TITLE 

QI Yes bi No QI N/A 

TYPE OF DEVIATION OR OPTION SELECTED· 

DESCRIPTiON 

JUSTIFICATION 

• For completeness list all sections of the standard and indicate whether conformance is met. If a section is not applicable (N/A) 
an explanation is needed under "justification." Some standards include options. so similar to deviations. the option chosen needs 
to be described and adequately justified as appropriate for the subject deVice. Explanation of all deviations or description of 
options selected when following a standard is required under "type of deviation or option selected," "description" and "justifica
tion" on the report. More than one page may be necessary. 

• Types of deviations can include an exclusion of a section in the standard, a deviation brought out by the FDA supplemental 
information sheet (SIS), a deviation to adapt the standard to the device, or any adaptation of a section. 

Paperwork Reduction Act Statement 

Public reporting burden for this collection of information is estimated to average I hour per response, including the 
time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and 
completing and reviewing the collection of information. Send comments regarding this burden estimate or any other 
aspect of this collection of information, including suggestions for reducing this burden, to: 

Center for Devices and Radiological Health 
1350 Piccard Drive 
Rockville, MD 20850 

An agency may not conduct or sponsor, and a person is not required to respond to, a collection ofinformation 
unless it displays a currently valid OMS control number. 
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Form Approved: OMB No. 0910-0120; Expiration Date: 8/31/10 

Department of Health and Human Services
 
Food and Drug Administration
 

STANDARDS DATA REPORT FOR 51 O(k)s 
(To be filled in by applicant) 

This report and the Summary Report Table are to be completed by the applicant when submitting a 510(k) that refer
ences a national or international standard. A separate report is required for each standard referenced in the 510(k). 

TYPE OF 510(K) SUBMISSION 

III Traditional o Special o Abbreviated 

STANDARD TITLE 1 

AAMI / ANSI/ISO 17665-1 :2006, Sterilization of health care products -- Moist heat -- Part 1: Requirements for the developme... 

Please answer the following questions Yes No 

Is this standard recognized by FDA 2? .................................................................................................. [ZJ D
 

FDA Recognition number 3 .................................................................................................................... # 14-261
 

Was a third party laboratory responsible for testing conformity of the device to this standard identified 
in the 51 O(k)? ........................................................................................................................................ III D 

Is a summary report 4 describing the extent of conformance of the standard used included in the 
51 O(k)? .................................................................................................................................................. 

If no, complete a summary report table. 

[ZJ D 

Does the test data for this device demonstrate conformity to the requirements of this standard as it 
pertains to this device? ......................................................................................................................... III D 

Does this standard include acceptance criteria? .................................................................................. 
If no, include the results of testing in the 51 O(k). 

[ZJ D 

Does this standard include more than one option or selection of tests? ............................................... 
If yes, report options selected in the summary report table. 

D [ZJ 

Were there any deviations or adaptations made in the use of the standard? ........................................ 

If yes, were deviations in accordance with the FDA supplemental information sheet (SIS) 5? .............. 
D 
D 

[ZJ 
D 

Were deviations or adaptations made beyond what is specified in the FDA SIS? ................................. 

If yes, report these deviations or adaptations in the summary report table. 
D [ZJ 

Were there any exclusions from the standard? ..................................................................................... 
If yes, report these exclusions in the summary report table. 

D [ZJ 

Is there an FDA guidance6 that is associated with this standard? ......................................................... 
If yes, was the guidance document followed in preparation of this 51 Ok? ............................................. 

[ZJ 
D 

D 
[ZJ 

Title of guidance: ~_~~I TIR 1~~1997, ~rin.~~ples ofIndustrial M?~!.!:!~~~~!~!~.~~tion ...__._--~ -

1 The formatting convention for the title is: [SDO] [numeric identifier] certification body involved in conformance assessment to this 
[title of standard] [date of pUblication] standard. The summary report includes information on all standards 

2 Authority [21 U.S.C. 360dj, www.fda.gov/cdrh/stdsprog.html utilized during the development of the device. 
3 http://www.accessdata.fda.gov/scripts/cdrh/cfdocslcfSta ndardsl 5 The supplemental information sheet (SIS) is additional information 

search.cfm which is necessary before FDA recognizes the standard. Found at 
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfStandardsl

4 The summary report should include: any adaptations used to adapt 
search.cfmto the device under review (for example, alternative test methods); 

choices made when options or a selection of methods are described; 6 The online search for CDRH Guidance Documents can be found at 
deviations from the standard; requirements not applicable to the www.fda.gov/cdrh/guidance.html 
device; and the name and address of the test laboratory or 
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EXTENT OF STANDARD C RMANCE 
SUMMARY REPORT E 

STANDARD TITLE 

NA - No deviations or adaptations were made in the use of the standard 

CONFORMANCE WITH STANDARD SECTIONS" 

SECTION NUMBER SECTION TITLE 

DYes 

TYPE OF DEVIATION OR OPTION SELECTED· 

DESCRIPTION 

JUSTIFICATION 

SECTION NUMBER SECTION TITLE 

DYes 

TYPE OF DEVIATION OR OPTION SELECTED· 

DESCRIPTION 

JUSTIFICATION 

SECTION NUMBER SECTION TITLE 

QYes 

TYPE OF DEVIATION OR OPTION SELECTED· 

DESCRIPTION 

JUSTIFICATION 

" For completeness list all sections of the standard and indicate whether conformance is met. If a section is not applicable (N/A) 
an explanation is needed under "justification." Some standards include options, so similar to deviations, the option chosen needs 
to be described and adequately justified as appropriate for the subject device. Explanation of all deviations or description of 
options selected when following a standard is required under "type of deviation or option selected," "description" and "justifica
tion" on the report. More than one page may be necessary. 

• Types of deviations can include an exclusion of a section in the standard, a deviation brought out by the FDA supplemental 
information sheet (SIS), a deviation to adapt the standard to the device, or any adaptation of a section. 

Paperwork Reduction Act Statement 

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the 
time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and 
completing and reviewing the collection of infomlation. Send comments regarding this burden estimate or any other 
aspect of this collection of information, including suggestions for reducing this burden, to: 

Center for Devices and Radiological Health 
1350 Piccard Drive 
Rockville, MD 20850 

An agency may not conduct or sponsor, and a person is not required to respond to, a collection ofinformation 
unless it displays a currently valid OMB control number. 

CONFORMANCE? 

o No D N/A 

CONFORMANCE? 

o No DN/A 

CONFORMANCE? 

DNo Q N/A 
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Form Approved: OMB No. 0910-0120; Expiration Date: 8/31/10 

Department of Health and Human Services
 
Food and Drug Administration
 

STANDARDS DATA REPORT FOR 510(k)s 
(To be filled in by applicant) 

This report and the Summary Report Table are to be completed by the applicant when submitting a 51 O(k) that refer
ences a national or international standard. A separate report is required for each standard referenced in the 51 O(k). 

TYPE OF 510(K) SUBMISSION 

III Traditional D Special D Abbreviated 

STANDARD TITLE 1 

AAMIIANSI ST79:2006,AI:2008,A2:2009 Comprehensive guide to steam sterilization and sterility assurance in health care facilit 

Please answer the fol/owing questions Yes No 

Is this standard recognized by FDA 2? .................................................................................................. [lJ D 

FDA Recognition number 3 .................................................................................................................... # 14-280 

Was a third party laboratory responsible for testing conformity of the device to this standard identified 
in the 51 O(k)? ........................................................................................................................................ [l] D 

Is a summary report 4 describing the extent of conformance of the standard used included in the 
51 O(k)? .................................................................................................................................................. [lJ D 
If no, complete a summary report table. 

Does the test data for this device demonstrate conformity to the requirements of this standard as it 
pertains to this device? ......................................................................................................................... [l] D 

Does this standard include acceptance criteria? .................................................................................. D [2J 
If no, include the results of testing in the 510(k). 

Does this standard include more than one option or selection of tests? ............................................... [l] D 
If yes, report options selected in the summary report table. 

Were there any deviations or adaptations made in the use of the standard? ........................................ D [lJ 
If yes, were deviations in accordance with the FDA supplemental information sheet (SIS) 5? .............. D D 

Were deviations or adaptations made beyond what is specified in the FDA SIS? ................................. D [lJ 
If yes, report these deviations or adaptations in the summary report table. 

Were there any exclusions from the standard? ..................................................................................... D [lJ 
If yes, report these exclusions in the summary report table. 

Is there an FDA guidance6 that is associated with this standard? ......................................................... D [2J 
If yes, was the guidance document followed in preparation of this 51 Ok? ............................................. D [lJ 

Title of guidance: _________ -_......._........_. ........._._....__._-_._._---_._._..._....._...._-----._ --

1 The formatting convention for the title is: [SDO] [numeric identifier] certification body involved in conformance assessment to this 
[title of standard] [date of publication] standard. The summary report includes information on all standards 

2 Authority [21 U.S.C. 360d). www.fda.gov/cdrh/stdsprog.html utilized during the development of the device. 

3 htlp:llwww.accessdata.fda.gov/scripts/cdrh/cfdocs/cfStandardsl 5 The supplemental information sheet (SIS) is additional information 

search.cfm which is necessary before FDA recognizes the standard. Found at 
htlp:llwww.accessdata.fda.gov/scripts/cdrh/cfdocs/cfStandardsl

4 The summary report should include: any adaptations used to adapt 
search.cfmto the device under review (for example. alternative test methods); 

choices made when options or a selection of methods are described; 6 The online search for CDRH Guidance Documents can be found at 

deviations from the standard: requirements not applicable to the www.fda.gov/cdrh/guidance.html 

device; and the name and address of the test laboratory or 
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8 

EXll~~~~a~TAN9ARO CO~FORMANeE 
S ARY REPORT TABLE 

STANDARD TITLE 

AAMI/ANSI ST79:2006,A1:2008,A2:2009 Comprehensive guide to steam sterilization and sterility assurance in health care facilit 

CONFORMANCE WITH STANDARD SECTIONS· 

SECTION NUMBER SECTION TITLE CONFORMANCE? 

Packaging, preparation, and sterilization I;ll Yes D No o N/A 

TYPE OF DEVIATION OR OPTION SELECTED· 

Utilized 8.1,8.2,8.3.1,8.3.3,8.3.4,8.4.4, and 8.6.1 

DESCRIPTION 

Options selected were applicable for the targeted testing on the device. Options outline desired packaging and sterilization method 

JUSTIFICATION 

See above 

SECTION NUMBER 

9 

TYPE OF DEVIATION 

NA 

SECTION TITLE 

Installation, care, and maintenance of sterilizers 

OR OPTION SELECTED· 

CONFORM

!!ll Yes 

ANCE? 

ONo o N/A 

DESCRIPTION 

Utilized all of section 9 as pertains to steam sterilizers 

JUSTIFICATION 

NA 

SECTION NUMBER SECTION TITLE 

Remainder Remaining sections of Standard 

TYPE OF DEVIATION OR OPTION SELECTED· 

NA 

CONFORM

gYes 

ANCE? 

UNo ~ N/A 

DESCRIPTION 

NA 

JUSTIFICATION 

Standard is intended to be used by healthcare facilities. Only sections applicable to lab sterilizer validation were used. 

• For completeness list all sections of the standard and indicate whether conformance is met. If a section is not applicable (N/A) 
an explanation is needed under "justification." Some standards include options, so similar to deviations, the option chosen needs 
to be described and adequately justified as appropriate for the subject device. Explanation of all deviations or description of 
options selected when following a standard is required under "type of deviation or option selected," "description" and "justifica
tion" on the report. More than one page may be necessary. 

.. Types of deviations can include an exclusion of a section in the standard. a deviation brought out by the FDA supplemental 
information sheet (SIS), a deviation to adapt the standard to the device, or any adaptation of a section. 

Paperwork Reduction Act Statement 

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the 
time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and 
completing and reviewing the collection of information. Send comments regarding this burden estimate or any other 
aspect of this collection of information, including suggestions for reducing this burden, to: 

Center for Devices and Radiological Health 
1350 Piccard Drive 
RockviJJe, MD 20850 

An agency may not conduct or sponsor, and a person is not required to respond to, a collection of information 
unless it displays a currently valid OMS control number. 
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Form Approved: OMB No. 0910-0120; Expiration Date: 8/31/10 

Department of Health and Human Services
 
Food and Drug Administration
 

STANDARDS DATA REPORT FOR 510(k)s 
(To be filled in by applicant) 

This report and the Summary Report Table are to be completed by the applicant when submitting a 51 O(k) that refer
ences a national or international standard. A separate report is required for each standard referenced in the 51 O(k). 

TYPE OF 510(K) SUBMISSION 

fl] Traditional o Special o Abbreviated 

STANDARD TITLE 1 

AAMI / ANSI ST77:2006, Containment devices for reusable medical device sterilization. (Sterility) 

Please answer the following questions Yes No 

Is this standard recognized by FDA 2? .................................................................................................. IZl D
 

FDA Recognition number 3 .................................................................................................................... # 14-201
 

Was a third party laboratory responsible for testing conformity of the device to this standard identified 
in the 51 O(k)? ........................................................................................................................................ III D 

Is a summary report 4 describing the extent of conformance of the standard used included in the 
51 O(k)? .................................................................................................................................................. 

If no, complete a summary report table. 
D III 

Does the test data for this device demonstrate conformity to the requirements of this standard as it 
pertains to this device? ......................................................................................................................... III D 

Does this standard include acceptance criteria? .................................................................................. 

If no, include the results of testing in the 51 O(k). 
IZl D 

Does this standard include more than one option or selection of tests? ............................................... 

If yes, report options selected in the summary report table. 
III D 

Were there any deviations or adaptations made in the use of the standard? ........................................ 

If yes, were deviations in accordance with the FDA supplemental information sheet (SIS) 5? .............. 
D 
D 

IZl 
D 

Were deviations or adaptations made beyond what is specified in the FDA SIS? ................................. 

If yes, report these deviations or adaptations in the summary report table. 
D IZl 

Were there any exclusions from the standard? ..................................................................................... 
If yes, report these exclusions in the summary report table. 

D IZl 

Is there an FDA gUidance6 that is associated with this standard? ......................................................... 

If yes, was the guidance document followed in preparation of this 51 Ok? ............................................. 
D 
D 

~ 
IZl 

Title of guidance:. ___....._..._. ___.......__________..__. ..._......._._-----------_._....._..._-_._._-

1 The formatting convention for the title is: [SDOI [numeric identifier] certification body involved in conformance assessment to this 
[title of standard] [date of publication] standard. The summary report includes information on all standards 

2 Authority [21 U.S.C. 360d]. www.fda.gov/cdrh/stdsprog.html utilized during the development of the device. 
3 http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfStandardsl 5 The supplemental information sheet (SIS) is additional information 

search.cfm which is necessary before FDA recognizes the standard. Found at 
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfStandardsl• The summary report should include: any adaptations used to adapt 
search.cfmto the device under review (for example, alternative test methods); 

choices made when options or a selection of methods are described; 6 The online search for CDRH Guidance Documents can be found at 
deviations from the standard; requirements not applicable to the www.fda.gov/cdrh/guidance.html 
device; and the name and address of the test laboratory or 
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EXTEI\I!l'iOF StANDARD CONF.ORMAI\ICE 
SUMMAR¥ REPC:>RT TABLE 

STANDARD TITLE 

AAMI / ANSI ST77:2006, Containment devices for reusable medical device sterilization. (Sterility) 

CONFORMANCE WITH STANDARD SECTIONS· 

SECTION NUMBER SECTION TITLE 

4.4 Performance 

TYPE OF DEVIATION OR OPTION SELECTED· 

CONFORMANCE? 

Ilj Yes DNo o N/A 

4.4.1 

DESCRIPTION 

Section defines performance requirements and documents needed for sterilization. 

JUSTIFICATION 

NA 

SECTION NUMBER SECTION TITLE 

5 Tests 

TYPE OF DEVIATION OR OPTION SELECTED· 

CONFORMANCE? 

III Yes o No o N/A 

5.6 Sterilization 

DESCRIPTION 

Section outlines requirements for sterilization test 

JUSTIFICATION 

NA 

SECTION NUMBER SECTION TITLE 

Remainder Remaining sections of Standard 

TYPE OF DEVIATION OR OPTION SELECTED· 

NA 

CONFORMANCE? 

DYes oNo ~ N/A 

DESCRIPTION 

NA 

JUSTIFICATION 

Remainder of Standard is N/A to Sterilization. Purpose of STP that references standard is only to validate sterilization instructions. 

• For completeness list all sections of the standard and indicate whether conformance is met. If a section is not applicable (N/A) 
an explanation is needed under "justification." Some standards include options, so similar to deviations, the option chosen needs 
to be described and adequately justified as appropriate for the subject device. Explanation of all deviations or description of 
options selected when following a standard is required under "type of deviation or option selected," "description" and "justifica
tion" on the report. More than one page may be necessary. 

+ Types of deviations can include an exclusion of a section in the standard, a deviation brought out by the FDA supplemental 
information sheet (SIS), a deviation to adapt the standard to the device, or any adaptation of a section. 

Paperwork Reduction Act Statement 

Public reporting burden for this col1ection of information is estimated to average 1 hour per response, including the 
time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and 
completing and reviewing the col1ection of information. Send comments regarding this burden estimate or any other 
aspect of this col1ection of information, including suggestions for reducing this burden, to: 

Center for Devices and Radiological Health 
1350 Piccard Drive 
Rockville, MD 20850 

An agency may not conduct or sponsor, and a person is not required to respond to, a collection of information 
unless it displays a currently valid OMS control numbel: 
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Form Approved: OMB No 0910-0120; Expiration Date: 8/31/10 

Department of Health and Human Services
 
Food and Drug Administration
 

STANDARDS DATA REPORT FOR 510(k)s 
(To be filled in by applicant) 

This report and the Summary Report Table are to be completed by the applicant when submitting a 51 O(k) that refer
ences a national or international standard. A separate report is required for each standard referenced in the 51 O(k). 

TYPE OF 510(K) SUBMISSION 

III Traditional D Special D Abbreviated 

STANDARD TITLE 1 

AAMI/ANSI ST67:2003/(R) 2008,Sterilization of health care products - Requirements for products labeled "STERILE" 1st editi ... 

Please answer the following questions Yes No 

Is this standard recognized by FDA 2? .................................................................................................. [2] D
 

FDA Recognition number 3 .................................................................................................................... # 14-27_6:____
 

Was a third party laboratory responsible for testing conformity of the device to this standard identified 
in the 51 O(k)? ........................................................................................................................................ III D 

Is a summary report 4 describing the extent of conformance of the standard used included in the 
510(k)? ................................................................................................................................................. 

If no, complete a summary report table. 
D III 

Does the test data for this device demonstrate conformity to the requirements of this standard as it 
pertains to this device? ......................................................................................................................... III D 

Does this standard include acceptance criteria? .................................................................................. 

If no, include the results of testing in the 51 O(k). 

[2] D 

Does this standard include more than one option or selection of tests? ............................................... 
If yes, report options selected in the summary report table. 

D [2] 

Were there any deviations or adaptations made in the use of the standard? ........................................ 

If yes, were deviations in accordance with the FDA supplemental information sheet (SIS) 5? .............. 
D 
D 

[2] 
D 

Were deviations or adaptations made beyond what is specified in the FDA SIS? ................................. 

If yes, report these deviations or adaptations in the summary report table. 
D [2] 

Were there any exclusions from the standard? ..................................................................................... 

If yes, report these exclusions in the summary report table. 
D [2] 

Is there an FDA guidance6 that is associated with this standard? ......................................................... 
If yes, was the guidance document followed in preparation of this 51 Ok? ............................................. 

D 
D 

[2J 
[2] 

Title of guidance: _____.......__._._...._...._._.__.___................................ _._.._.._----_._......_. -_."--

, The formatting convention for the title is: [SDOI [numeric identifier] certification body involved in conformance assessment to this 
[title of standard] [date of publication] standard. The summary report includes information on all standards 

2 Authority [21 U.S.C. 360dj. www.fda.gov/cdrh/stdsprog.html utilized during the development of the device. 
3 http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfStandardsl 5 The supplemental information sheet (SIS) is additional information 

search.cfm which is necessary before FDA recognizes the standard. Found at 
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfStandardsl

4 The summary report should include: any adaptations used to adapt 
search.cfmto the device under review (for example, alternative test methods); 

choices made when options or a selection of methods are described; 6 The online search for CDRH Guidance Documents can be found at 
deviations from the standard; requirements not applicable to the www.fda.gov/cdrh/guidance.html 
device; and the name and address of the test laboratory or 

FORM FDA 3654 (9/07) Page 1 PSC Graphics (JOL) 443-1090 EF 

                                                
                                       Page 187 of 289

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



OF St"NOARD CONFORMANCE 
... / 

SUMMARY REPORT TABLE 
STANDARD TITLE 

AAMIIANSI ST67:2003/(R) 2008,Sterilization of health care products - Requirements for products labeled "STERILE" 1st editi. .. 

CONFORMANCE WITH STANDARD SECTIONS· 

SECTION NUMBER 

All 

TYPE OF DEVIATION 

SECTION TITLE 

All 

OR OPTION SELECTED + 

CONFORM

III Yes 

ANCE? 

DNo o N/A 

NA 

DESCRIPTION 

NA 

JUSTIFICATION 

NA 

SECTION NUMBER SECTION TITLE 

TYPE OF DEVIATION OR OPTION SELECTED + 

CONFORM

DYes 

ANCE? 

ONo o N/A 

DESCRIPTION 

JUSTIFICATION 

CONFORMANCE?SECTION NUMBER SECTION TITLE 

CJ Yes oNo CJ N/A 

TYPE OF DEVIATION OR OPTION SELECTED + 

DESCRIPTION 

JUSTIFICATION 

• For completeness list all sections of the standard and indicate whether conformance is met. If a section is not applicable (N/A) 
an explanation is needed under "justification." Some standards include options, so similar to deviations, the option chosen needs 
to be described and adequately justified as appropriate for the subject device. Explanation of all deviations or description of 
options selected when following a standard is required under "type of deviation or option selected," "description" and "justifica
tion" on the report. More than one page may be necessary. 

+ Types of deviations can include an exclusion of a section in the standard, a deviation brought out by the FDA supplemental 
information sheet (SIS), a deviation to adapt the standard to the device, or any adaptation of a section. 

Paperwork Reduction Act Statement 

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the 
time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and 
completing and reviewing the collection of information. Send comments regarding this burden estimate or any other 
aspect of this collection of information, including suggestions for reducing this burden, to: 

Center for Devices and Radiological Health 
1350 Piccard Drive 
Rockville, MD 20850 

An agency may not conduct or sponsor, and a person is not required to respond to, a collection olinjormation 
unless it displays a currently valid OMS control number. 
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Form Approved: OMB No. 0910-0120; Expiration Date: 8/31/10 

Department of Health and Human Services
 
Food and Drug Administration
 

STANDARDS DATA REPORT FOR 51 O(k)s 
(To be filled in by applicant) 

This report and the Summary Report Table are to be completed by the applicant when submitting a 510(k) that refer
ences a national or international standard. A separate report is required for each standard referenced in the 510(k). 

TYPE OF 510(K) SUBMISSION 

fll Traditional D Special D Abbreviated 

STANDARD TITLE 1 

AAMI/ANSI ST8:2008, Hospital steam sterilizers. (Sterility) 

Please answer the following questions Yes No 

Is this standard recognized by FDA 2? .................................................................................................. [l] D
 

FDA Recognition number 3 .................................................................................................................... # 14-264
 

Was a third party laboratory responsible for testing conformity of the device to this standard identified 
in the 51 O(k)? ........................................................................................................................................ D III 

Is a summary report 4 describing the extent of conformance of the standard used included in the 
51 O(k)? .................................................................................................................................................. 

If no, complete a summary report table. 
D III 

Does the test data for this device demonstrate conformity to the requirements of this standard as it 
pertains to this device? ......................................................................................................................... D [l] 

Does this standard include acceptance criteria? .................................................................................. 

If no, include the results of testing in the 51 O(k). 

[l] D 

Does this standard include more than one option or selection of tests? ............................................... 

If yes, report options selected in the summary report table. 
III D 

Were there any deviations or adaptations made in the use of the standard? ........................................ 

If yes, were deviations in accordance with the FDA supplemental information sheet (SIS) 5? .............. 
D 
D 

[l] 

D 

Were deviations or adaptations made beyond what is specified in the FDA SIS? ................................. 

If yes, report these deviations or adaptations in the summary report table. 
D [l] 

Were there any exclusions from the standard? ..................................................................................... 

If yes, report these exclusions in the summary report table. 
D [l] 

Is there an FDA gUidance6 that is associated with this standard? ......................................................... 

If yes, was the guidance document followed in preparation of this 51 Ok? ............................................. 

[l] 

D 
D 
[l] 

Title of guidance: (!)Guid~ce on P~~market Notification[5!?~k)JSubmissions tor S~e~ili~~rs.. ~\~)_AddenduIl1 __toS~er.il~zer. ... 

1 The formatting convention for the title is: [SDOl [numeric identifier] certification body involved in conformance assessment to this 
[title of standardl [date of pUblication] standard. The summary report includes information on all standards 

2 Authority [21 U.S.C. 360dl, www.fda.gov/cdrh/stdsprog.html utilized during the development of the device. 
3 http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfStandardsl 5 The supplemental information sheet (SIS) is additional information 

search.cfm which is necessary before FDA recognizes the standard. Found at 
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfStandardsl

4 The summary report should include: any adaptations used to adapt 
search.cfmto the device under review (for example, alternative test methods); 

choices made when options or a selection of methods are described; 6 The online search for CDRH Guidance Documents can be found at 
deviations from the standard; requirements not appiicable to the www.fda.gov/cdrh/guidance.html 
device; and the name and address of the test laboratory or 
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EX,iENX OF SiANDARD CONFORMANCE
 
SUMMARY REPORiiABLE
 

STANDARD TITLE 

AAMIIANSI ST8:2008, Hospital steam sterilizers. (Sterility) 

CONFORMANCE WITH STANDARD SECTIONS· 

SECTION NUMBER SECTION TITLE CONFORMANCE? 

All All liZ] Ves DNo o N/A 

TVPE OF DEVIATION OR OPTION SELECTED· 

NA 

DESCRIPTION 

The sterilizer used to conduct testing on the device conforms to this standard 

JUSTIFICATION 

Sterilizer is used in testing device. Use of this standard is not intended to test device's conformity to standard. 

SECTION NUMBER SECTION TITLE CONFORMANCE? 

Dves DNo DN/A 

TVPE OF DEVIATION OR OPTION SELECTED· 

DESCRIPTION 

JUSTIFICATION 

SECTION NUMBER SECTION TITLE CONFORMANCE? 

Dves LJ No D N/A 

TVPE OF DEVIATION OR OPTION SELECTED • 

DESCRIPTION 

JUSTIFICATION 

• For completeness list all sections of the standard and indicate whether conformance is met. If a section is not applicable (N/A) 
an explanation is needed under "justification." Some standards include options, so similar to deviations, the option chosen needs 
to be described and adequately justified as appropriate for the subject device. Explanation of all deviations or description of 
options selected when following a standard is required under "type of deviation or option selected," "description" and "justifica
tion" on the report. More than one page may be necessary. 

• Types of deviations can include an exclusion of a section in the standard, a deviation brought out by the FDA supplemental 
information sheet (SIS), a deviation to adapt the standard to the device, or any adaptation of a section. 

Paperwork Reduction Act Statement 

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the 
time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and 
completing and reviewing the collection of information. Send comments regarding this burden estimate or any other 
aspect of this collection of information, including suggestions for reducing this burden, to: 

Center for Devices and Radiological Health 
1350 Piccard Drive 
Rockville, MD 20850 

An agency may not conduct or sponsor, and a person is not required to respond to, a collection ofinformation 
unless it displays a currently valid OMB control numbel: 
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Form Approved: OMB No. 0910-0120; Expiration Date: 8/31/10 

Department of Health and Human Services
 
Food and Drug Administration
 

STANDARDS DATA REPORT FOR 51 O(k)s 
(To be filled in by applicant) 

This report and the Summary Report Table are to be completed by the applicant when submitting a 51 O(k) that refer
ences a national or international standard. A separate report is required for each standard referenced in the 51 O(k). 

TYPE OF 510(K) SUBMISSION 

IZI Traditional o Special o Abbreviated 

STANDARD TITLE 1 

AAMI TIR 12:2004, Designing, Testing, and Labeling Reusable Medical Devices for Reprocessing in Health Care Faciliites 

Please answer the following questions Yes No 

Is this standard recognized by FDA 2? .................................................................................................. D ~ 

FDA Recognition number 3 .................................................................................................................... #NA 
.. 

Was a third party laboratory responsible for testing conformity of the device to this standard identified 
in the 510(k)? ........................................................................................................................................ [lJ D 

Is a summary report 4 describing the extent of conformance of the standard used included in the 
510(k)? ................................................................................................................................................. D [lJ 

If no, complete a summary report table. 

Does the test data for this device demonstrate conformity to the requirements of this standard as it 
pertains to this device? ......................................................................................................................... [lJ D 

Does this standard include acceptance criteria? .................................................................................. D ~ 
If no, include the results of testing in the 51 O(k). 

Does this standard include more than one option or selection of tests? ............................................... [lJ D 
If yes, report options selected in the summary report table. 

Were there any deviations or adaptations made in the use of the standard? ........................................ D [ZJ
 
If yes, were deviations in accordance with the FDA supplemental information sheet (SIS) 5? .............. D D
 

Were deviations or adaptations made beyond what is specified in the FDA SIS? ................................. D [ZJ 
If yes, report these deviations or adaptations in the summary report table. 

Were there any exclusions from the standard? ..................................................................................... D [ZJ 
If yes, report these exclusions in the summary report table. 

Is there an FDA guidance6 that is associated with this standard? ......................................................... [ZJ D
 
If yes, was the guidance document followed in preparation of this 51 Ok? ............................................. [lJ D
 
Title of guidance :~~.1:'~~~.~.:eus~~J.~.~edical devices fo~r~p..:?~~.s~i~~i~~~~!!~~~E~~~~i!!!!es: ~l?~~:~.!~~~:.~~i<:!~~ceg D. 

1 The formatting convention for the title is: [SDO] [numeric identifier] certification body involved in conformance assessment to this 
[title of standard] [date of publication] standard. The summary report includes information on all standards 

2 Authority [21 U.S.C. 360d], www.fda.gov/cdrh/stdsprog.html utilized during the development of the device. 

" http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfStandardsl 5 The supplementai information sheet (SIS) is additional information 

search.cfm which is necessary before FDA recognizes the standard. Found at 
http://www.accessdata. fda.govIscriptslcdrh/cfdocslcfStandard sl 

4 The summary report should include: any adaptations used to adapt 
search.cfmto the device under review (for example, alternative test methods); 

choices made when options or a selection of methods are described; 6 The online search for CDRH Guidance Documents can be found at 

deviations from the standard: requirements not applicable to the www.fda.gov/cdrh/guidance.html 

device; and the name and address of the test laboratory or 
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EXTENT OF STANDARD CONFORMANCE
 
SUMMARY REPORT TABLE
 

STANDARD TITLE 

AAMI TIR 12:2004, Designing, Testing, and Labeling Reusable Medical Devices for Reprocessing in Health Care Faciliites 

CONFORMANCE WITH STANDARD SECTIONS* 

CONFORMANCE?SECTION NUMBER SECTION TITLE 

6 Sterilization IlJ Yes o No DN/A 

TYPE OF DEVIATION OR OPTION SELECTED· 

6.1-6.5 

DESCRIPTION 

Standard sections are used to validate sterilization procedures for recommendation to healthcare facilities 

JUSTIFICATION 

Device will be provided Non-sterile to end user, but information is appropriate for sterilization of device prior to use 

CONFORMANCE?SECTION NUMBER SECTION TITLE 

Remainder Remaining sections of Standard DYes o No III N/A 

TYPE OF DEVIATION OR OPTION SELECTED· 

NA 

DESCRIPTION 

NA 

JUSTIFICATION 

Remainder of Standard is NIA to Sterilization. Purpose of STP that references standard is only to validate sterilization instructions. 

CONFORMANCE?SECTION NUMBER SECTION TITLE 

DYes o No ON/A 

TYPE OF DEVIATION OR OPTION SELECTED· 

DESCRIPTION 

JUSTIFICATION 

*	 For completeness list all sections of the standard and indicate whether conformance is met. If a section is not applicable (N/A) 
an explanation is needed under "justification." Some standards include options, so similar to deviations, the option chosen needs 
to be described and adequately justified as appropriate for the subject device. Explanation of all deviations or description of 
options selected when following a standard is required under "type of deviation or option selected," "description" and "justifica
tion" on the report. More than one page may be necessary. 

+ Types of deviations can include an exclusion of a section in the standard, a deviation brought out by the FDA supplemental 
information sheet (SIS), a deviation to adapt the standard to the device, or any adaptation of a section. 

Paperwork Reduction Act Statement 

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the 
time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and 
completing and reviewing the collection of infOimation. Send comments regarding this burden estimate or any other 
aspect of this collection of information, including suggestions for reducing this burden, to: 

Center for Devices and Radiological Health 
1350 Piccard Drive 
Rockville, MD 20850 

An agency may not conduct or sponsor, and a person is not required to respond to, a collection of information 
unless it displays a currently valid OMB control numba 
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Form Approved: OMB No. 0910-0120; Expiration Date: 8/31/10 

Department of Health and Human Services
 
Food and Drug Administration
 

STANDARDS DATA REPORT FOR 51 O(k)s 
(To be filled in by applicant) 

This report and the Summary Report Table are to be completed by the applicant when submitting a 510(k) that refer
ences a national or international standard. A separate report is required for each standard referenced in the 51 O(k). 

TYPE OF 510(K) SUBMISSION 

III Traditional o Special o Abbreviated 

STANDARD TITLE 1 

ISO 17664:2004. Sterilization ofMedical Devices - Information to be provided by the manufacturer for the processing of rester. .. 

Please answer the following questions Yes No 

Is this standard recognized by FDA 2? .................................................................................................. D Q]
 

FDA Recognition number 3 .................................................................................................................... # NA
 

Was a third party laboratory responsible for testing conformity of the device to this standard identified 
in the 51 O(k)? ........................................................................................................................................ llJ D 

Is a summary report 4 describing the extent of conformance of the standard used included in the 
510(k)? ................................................................................................................................................. D llJ 
If no, complete a summary report table. 

Does the test data for this device demonstrate conformity to the requirements of this standard as it 
pertains to this device? ......................................................................................................................... llJ D 

Does this standard include acceptance criteria? .................................................................................. [lJ D 
If no, include the results of testing in the 51 O(k). 

Does this standard include more than one option or selection of tests? ............................................... llJ D 
If yes, report options selected in the summary report table. 

Were there any deviations or adaptations made in the use of the standard? ........................................ D [lJ
 
If yes, were deviations in accordance with the FDA supplemental information sheet (SIS) 5? .............. D D
 

Were deviations or adaptations made beyond what is specified in the FDA SIS? ................................. D [lJ 
If yes, report these deviations or adaptations in the summary report table. 

Were there any exclusions from the standard? ..................................................................................... D [lJ 
If yes, report these exclusions in the summary report table. 

Is there an FDA guidance6 that is associated with this standard? ......................................................... D Q]
 
If yes, was the guidance document followed in preparation of this 51 Ok? ............................................. D [lJ
 

Title of guidance:._. . _..._..__.....- ... .. . ... ... ..__..._. .__...... _.._. ...._..._._... 

, The formatting convention for the title is: [SDO] [numeric identifier] certification body involved in conformance assessment to this 
[title of standardl [date of publication] standard. The summary report includes information on all standards 

2 Authority [21 U.S.C. 360'1]. www.fda.gov/cdrh/stdsprog.html utilized during the development of the device.
 
3 http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfStandardsl
 5 The supplemental information sheet (SIS) is additional information 

search.cfm which is necessary before FDA recognizes the standard. Found at 
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfStandardsl• The summary report should include: any adaptations used to adapt 
search.cfmto the device under review (for example, alternative test methods);
 

choices made when options or a selection of methods are described;
 6 The online search for CDRH Guidance Documents can be found at 
deviations from the standard; requirements not applicable to the www.fda.gov/cdrh/guidance.html
 
device; and the name and address of the test laboratory or
 

FORM FDA 3654 (9/07) Page 1 PSC Gnph.ic! (30t) 44)·1090 EF 

                                                
                                       Page 193 of 289

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



EXTENT OF STANDARD CONFORMANCE
 
SUMMARY REPORT TABLE
 

STANDARD TITLE
 

ISO 17664:2004. Sterilization ofMedical Devices - Information to be provided by the manufacturer for the processing of rester...
 

CONFORMANCE WITH STANDARD SECTIONS·
 

SECTION NUMBER
 CONFORMANCE?
 

3.IO
 

SECTION TITLE 

Sterilization IlJ Yes o No o N/A 

TYPE OF DEVIATION OR OPTION SELECTED • 

NA 

DESCRIPTION
 

Section 3.IO outlines information regarding sterilization to be provided by medical devices manufacturer
 

JUSTIFICATION 

NA 

CONFORMANCE?
 

Remainder
 

SECTION NUMBER SECTION TITLE 

Remaining sections of Standard DYes DNo rll N/A 

TYPE OF DEVIATION OR OPTION SELECTED • 

NA 

DESCRIPTION 

NA 

JUSTIFICATION
 

Remainder of Standard does not apply to Sterilization. Purpose of referencing STP is only to validate sterilization instructions.
 

SECTION NUMBER CONFORMANCE? 

LJ Yes bI No LJ N/A 

TYPE OF DEVIATION OR OPTION SELECTED • 

SECTION TITLE 

DESCRIPTION 

JUSTIFICATION 

• For completeness list all sections of the standard and indicate whether conformance is met. If a section is not applicable (N/A) 
an explanation is needed under "justification." Some standards include options, so similar to deviations, the option chosen needs 
to be described and adequately justified as appropriate for the subject device. Explanation of all deviations or description of 
options selected when following a standard is required under "type of deviation or option selected," "description" and "justifica
tion" on the report. More than one page may be necessary_ 

~	 Types of deviations can include an exclusion of a section in the standard, a deviation brought out by the FDA supplemental
 
information sheet (SIS), a deviation to adapt the standard to the device, or any adaptation of a section.
 

Paperwork Reduction Act Statement 

Public reporting burden for this collection of information is estimated to average I hour per response, including the 
time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and 
completing and reviewing the collection of information. Send comments regarding this burden estimate or any other 
aspect of this collection of information, including suggestions for reducing this burden, to: 

Center for Devices and Radiological Health 
1350 Piccard Drive 
Rockville, MD 20850 

An agency may not conduct or sponsor, and a person is not required to respond to, a collection olin/ormation 
unless it displays a currently valid OMS control number. 
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SECTION I UTILIZATION OF STANDARDS 

Note: Complete this section if your application or submission cites standards or includes a "Declaration of Conformity to a Recognized 
Standard" statement. 

Standards No. Version DateStandards Standards Title 
Organization 

1 

2 

3 

4 

5 

6 

7 

14971 

Standards No. 

#G95-1 

Standards No. 

17665-1 

Standards No. 

17664-1 

Standards No. 

15223-1 

Standards No. 

TIR 12:2004 

Standards No. 

STS:2008 

ISO 

Standards 
Organization 

FDA 

Standards 
Organization 

ISO 

Standards 
Organization 

ISO 

Standards 
Organization 

ISO 

Standards 
Organization 

AAMI 

Standards 
Organization 

AAMII ANSI 

Medical Devices: Application of risk management to medical devices 

Standards Title 

Use ofintemational Standard ISO 10993, Biological Evaluation of 
Medical Devices Part I: Evaluation and Testing 

Standards Title 

Sterilization of Healthcare Products - Moist Heat - Part I 
Requirements for the Development, Validation, and Routine Control 
of Sterilization Process for Medical Devices 

Standards Title 

Sterilization of medical devices - Information to be provided by the 
manufacturer for the processing of resterilizable medical devices 

Standards Title 

Medical Devices: Symbols to be used with medical device labels,
 
labelling and information to be supplied
 

Standards Title 

Designing, Testing, and labeling reusable medical devices for 
reprocessing in health care facilities: A guide for medical device 
manufacturers 

Standards Title 

Hospital Steam Sterilizers 

Second Edition 

Version 

N/A 

Version 

First Edition 

Version 

First Ed ition 

Version 

First Edition 

Version 

2004 

Version 

2008 

03/0112007 

Date 

05101/1995 

Date 

08/1512006 

Date 

03/0112004 

Date 

04/1512007 

Date 

0312812005 

Date 

312412009 

Please Include any additional standards to be cited on a separate page. 

Public reporting burden for this colledion of information is estimated to average 0.5 hour per response, including the time for reviewing instructions, searching 
existing data sources, gathering and maintaining the data needed, and completing reviewing the collection of information. Send comments regarding this burden 
estimate or any other aspect of this collection of information, including suggestions for reducing this burden to: 

Department of Health and Human Services 
Food and Drug Administration 
Office of the Chief Information Officer (HFA-710) 
5600 Fishers Lane 
Rockville, Maryland 20857 

An agency may not conduct or sponsor, and a person is not required to respond to, a collection o/information unless it displays a currently valid OMB control number. 
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SECTION I UTILIZATlON OF STANDARDS 

Note: Complete this section if your application or submission cites standards or includes a "Declaration of Confonnity to a Recognized 
Standard" statement. 

Standards No. Standards Standards Title Version Date 
Organization 

1 ST67:2003 1(R) 
2008 AAMIIANSI 

2 

Standards No. 

STI7:2006 

Standards 
Organization 

AAMI/ANSI 

3 

Standards No. 

ST79:2006 
A 1:2008, A2:2009 

Standards 
Organization 

AAMIIANSI 

4 

Standards No. 

ST81:2004 

Standards 
Organization 

AAMIIANSI 

5 

Standards No. 

FI36-08el 

Standards 
Organization 

ASTM 

6 

Standards No. 

F67-06 

Standards 
Organization 

ASTM 

7 

Standards No. Standards 
Organization 

Sterilization of health care products - Requirements for products 
labeled "STERILE" 

Standards Title 

Containment devices for reusable medical device sterilization 

Standards Title 

Comprehensive guide to steam sterilization and sterility assurance in 
health care facilities 

Standards Title 

Information to be provided by the manufacturer for the processing of 
resterilizable medical devices 

Standards Title 

Specification for Wrought Titanium-6 Aluminum-4 Vanadium ELI 
Alloy for Surgical Implant Applications 

Standards Title 

Standard Specification for Unalloyed Titanium for Surgical Implant 
Applications 

Standards Title 

12/412008
2008 

Version Date 

1/1612007
2006 

Version Date 

7124120062006 

Version Date 

12/13/2004
2004 

Version Date 

12/2008
2008 

Version Date 

06/01120062006 

Version Date 

Please Include any additional standards to be cited on a separate page. 

Public reporting burden for tbis collection of information is estimated to average 0.5 hour per response, including the time for revIewing instructions, searching 
existing data sources, gathering and maintaining the data needed, and completing reviewing the collection of information. Send comments regarding this burden 
estimate or any other aspect of this collection of information, including suggestions for reducing this burden to: 

Department of Health and Human Services 
Food and Drug Administration 
Office of the Chief Information Officer (HFA-710) 
5600 Fishers Lane 
Rockville, Maryland 20857 

An agency may not conduct or sponsor, and a person ;s not required to respond to, a collection ofinformation unless it displays a currently valid OMB control number. 
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Indications for Use 
 

510(k) Number: K102199 

Device Name:  Otomag Bone Conduction Hearing System 

Indications for Use: 

The Otomag Alpha 1 Sound Processor is intended for use with the Otomag Headband or Otomag 
Softband (no age limitations), or with the Otomag Magnetic Implant (patients 5 years of age and up) for 
the following patients and indications: 

• Patients with conductive or mixed hearing losses, who can still benefit from amplification of sound.  
The pure tone average (PTA) bone conduction (BC) threshold for the indicated ear should be better 
than 45 dB HL (measured at 0.5, 1, 2, and 3 kHz).  

• Bilateral fitting is applicable for most patients having a symmetrically conductive or mixed hearing 
loss.  The difference between the left and right sides’ BC thresholds should be less than 10dB on 
average measured at 0.5, 1, 2, and 4 kHz, or less than 15 dB at individual frequencies.  

• Patients who have a profound sensorineural hearing loss in one ear and normal hearing in the opposite 
ear, who for some reason will not or cannot use an AC CROS.  The pure tone average (PTA) air 
conduction (AC) threshold of the hearing ear should be better than 20 dB HL (measured at 0.5, 1, 2 
and 3 kHz). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Prescription Use ___X___  AND/OR  Over-The-Counter Use _______ 
(Part 21 CFR 801 Subpart D)  (21 CFR 801 Subpart C) 
 
(PLEASE DO NOT WRITE BELOW THIS LINE-CONTINUE ON ANOTHER PAGE IF 
NEEDED) 
____________________________________________________________________________ 

Concurrence of CDRH, Office of Device Evaluation (ODE) 
 
 

Page 1 of _1_ 
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Sophono Inc. - Traditional 510(k) Otomag Bone Conduction Hearing System   
Section 07: 510(k) Summary 

Section 07: 510(k) Summary 
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Sophono Inc. - Traditional 510(k) Otomag Bone Conduction Hearing System   
Section 07: 510(k) Summary 

510(k) Summary: Otomag Bone Conduction Hearing System 
This summary of substantial equivalence information is being submitted in accordance with the 
requirements set forth in 21 CFR 807.92. 

Submitter:  Sophono, Inc. 

Establishment Registration Number:  Not Yet Assigned 

Contact Information: 
Sophono, Inc. 
903 Brooklawn Dr.  
Boulder, Colorado  80303 
Ph: 303-546-1663 
Fax: 720-222-2432 
Contact: Jim Kasic 
Email: jkasic@comcast.net 

Date Prepared: July 27, 2010 

Name of Device: Otomag Bone Conduction Hearing System  

Common Name: Bone Conduction Hearing System    

Classification Name:  Hearing Aid 

Device Classification:   

• Classification: II 

• Classification Panel: Ear, Nose and Throat  

• Regulation Number: 874.3300 

• Product Code: LXB 

Predicate Device:  
Otomag Bone Conduction Hearing System, Unmodified Version – K100193 

Xomed Audiant Bone Conductor - K855059 / K861971 

Device Description:  
The Otomag Bone Conduction Hearing System is a family of sound processors and accessories 
that operate on the principle of bone conduction of sound vibrations.  The Otomag System consists 
of two distinct configurations; Alpha 1 (S) and Alpha 1 (M).  This 510(k) is being submitted to add 
the Alpha 1 (M) configuration to the existing product family. 

In the Otomag Alpha 1 (S), the Otomag Sound Processor is attached magnetically to a headband or 
softband.  The headband or softband holds the sound processor against the head and vibration is 
transduced through direct contact with the patient’s skin and the bone below.   

In the Otomag Alpha 1 (M), the Otomag Sound Processor is attached magnetically to an implanted 
magnet assembly. The magnetic field holds the sound processor against the head and vibration is 
transduced through direct contact with the patient’s skin and the bone below. 
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Sophono Inc. - Traditional 510(k) Otomag Bone Conduction Hearing System   
Section 07: 510(k) Summary 
The Otomag System is designed for use for those patients with conductive hearing loss, those 
patients who have sensorineural hearing loss up to 45 dB in combination with their conductive loss, 
and single sided deafness as defined in the indications for use.  The prescriptive formula and 
adjustments available to the audiologist in the software allow for programming the Otomag System 
for individual patient hearing loss. 

Technological Characteristics: 
The technological characteristics of the version of the Otomag Bone Conduction Hearing System 
are equivalent to those of the predicate device.  Items that are identical between the modified 
version and the predicate are: 

• Overall Device Performance 

• Fundamental Technology (bone conduction) 

• Software 

Technological characteristics that are different between the modified device and the predicate are 
as follows: 

• Patient contact materials:  Addition of a titanium cased magnetic implant for attachment. 

• Method of Sound Processor Attachment: Addition of a titanium cased magnetic implant for 
attachment. 

Through non-clinical performance testing and evaluation, the identified technological differences do 
not raise new questions of safety and effectiveness. 

Device Indications For Use: 
The Otomag Alpha 1 Sound Processor is intended for use with the Otomag Headband or Otomag 
Softband (no age limitations), or with the Otomag Magnetic Implant (patients 5 years of age and up) 
for the following patients and indications: 

• Patients with conductive or mixed hearing losses, who can still benefit from amplification of 
sound.  The pure tone average (PTA) bone conduction (BC) threshold for the indicated ear 
should be better than 45 dB HL (measured at 0.5, 1, 2, and 3 kHz).  

• Bilateral fitting is applicable for most patients having a symmetrically conductive or mixed 
hearing loss.  The difference between the left and right sides’ BC thresholds should be 
less than 10dB on average measured at 0.5, 1, 2, and 4 kHz, or less than 15 dB at 
individual frequencies.  

• Patients who have a profound sensorineural hearing loss in one ear and normal hearing in 
the opposite ear, who for some reason will not or cannot use an AC CROS.  The pure tone 
average (PTA) air conduction (AC) threshold of the hearing ear should be better than 20 
dB HL (measured at 0.5, 1, 2 and 3 kHz).  

Contraindications 

Any factor that would cause a clinician to refer the patient for medical assessment will temporarily, 
or in some cases permanently, halt the process of hearing aid fitting. These factors include:  

• A hearing loss of sudden onset;  

• A rapidly progressing hearing loss;  

• Pain in either ear;  

• Tinnitus of sudden recent onset, or unilateral tinnitus;  
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Sophono Inc. - Traditional 510(k) Otomag Bone Conduction Hearing System   
Section 07: 510(k) Summary 

• Unilateral or markedly asymmetrical hearing loss of unknown origin;  

• Vertigo (e.g. dizziness) 

Performance Standards: 
The design of the Otomag Bone Conduction Hearing System conforms to the following voluntary 
standards: 

• ISO 14971:2007: Medical devices – application of risk management to medical devices; 

• FDA Memorandum #G95-1: Use of International Standard ISO 10993, Biological 
Evaluation of Medical Devices Part 1: Evaluation and Testing 

• ISO 17665-1:2006: Sterilization of Healthcare Products - Moist Heat - Part 1 Requirements 
for the Development, Validation, and Routine Control of Sterilization Process for Medical 
Devices 

• ISO 17664-1:2004: Sterilization of medical devices - Information to be provided by the 
manufacturer for the processing of resterilizable medical devices 

• ISO 15223-1:2007: Medical devices - Symbols to be used with medical device labels, 
labeling and information to be supplied 

• AAMI TIR 12:2004 Designing, testing and labeling reusable medical devices for 
reprocessing in health care facilities: A guide for medical device manufacturers 

• AAMI/ANSI ST8:2008, Hospital steam sterilizers 

• AAMI/ANSI ST67:2003/(R) 2008,Sterilization of health care products – Requirements for 
products labeled “STERILE” 

• AAMI / ANSI ST77:2006, Containment devices for reusable medical device sterilization 

• AAMI/ANSI ST79:2006,A1:2008,A2:2009 Comprehensive guide to steam sterilization and 
sterility assurance in health care facilities 

• AAMI/ANSI ST81:2004, Information to be provided by the manufacturer for the processing 
of resterilizable medical devices 

• ASTM F136 – 08e1: Specification for Wrought Titanium-6 Aluminum-4 Vanadium ELI 
(Extra Low Interstitial) Alloy for Surgical Implant Applications 

• ASTM F67-06: Standard Specification for Unalloyed Titanium, for Surgical Implant 
Applications 

Non-Clinical Performance Testing:  
The Otomag Bone Conduction Hearing System has been subjected to extensive safety, 
performance testing, and verification / validation. Testing of the Otomag Bone Conduction Hearing 
System included various device performance tests and software validation tests designed to ensure 
that the device meet all of its functional specifications and is fit for its intended use. Tests have also 
been performed to ensure the device complies with industry and safety standards.  The testing 
information presented in this submission demonstrates the device’s performance is substantially 
equivalent to the predicate devices. 
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Sophono Inc. - Traditional 510(k) Otomag Bone Conduction Hearing System   
Section 07: 510(k) Summary 

Page 07-5 of 5 

Conclusion: 
Based on the non-clinical performance testing, the modified version of the Otomag Bone 
Conduction Hearing System is as safe and effective and considered to be substantially equivalent 
to the predicate Otomag device cleared in K100193 and the Audiant cleared K855059 and K861971 
and that the differences between the three devices: 

• Do not raise any new issues of safety and effectiveness  

• Do not amount to a change in the “fundamental scientific technology” of the device with 
regard to the Otomag predicate K100193 

• Do not present any adverse health effect or safety risks to patients when used as 
intended. 
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(b)(4) Testing
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Section 07: 510(k) Summary 

510(k) Summary: Otomag Bone Conduction Hearing System 
This summary of substantial equivalence information is being submitted in accordance with the 
requirements set forth in 21 CFR 807.92. 

Submitter:  Sophono, Inc. 

Establishment Registration Number:  Not Yet Assigned 

Contact Information: 
Sophono, Inc. 
903 Brooklawn Dr.  
Boulder, Colorado  80303 
Ph: 303-546-1663 
Fax: 720-222-2432 
Contact: Jim Kasic 
Email: jkasic@comcast.net 

Date Prepared: July 27, 2010 

Name of Device: Otomag Bone Conduction Hearing System  

Common Name: Bone Conduction Hearing System    

Classification Name:  Hearing Aid 

Device Classification:   

• Classification: II 

• Classification Panel: Ear, Nose and Throat  

• Regulation Number: 874.3300 

• Product Code: LXB 

Predicate Device:  
Otomag Bone Conduction Hearing System, Unmodified Version – K100193 

Xomed Audiant Bone Conductor - K855059 / K861971 

Device Description:  
The Otomag Bone Conduction Hearing System is a family of sound processors and accessories 
that operate on the principle of bone conduction of sound vibrations.  The Otomag System consists 
of two distinct configurations; Alpha 1 (S) and Alpha 1 (M).  This 510(k) is being submitted to add 
the Alpha 1 (M) configuration to the existing product family. 

In the Otomag Alpha 1 (S), the Otomag Sound Processor is attached magnetically to a headband or 
softband.  The headband or softband holds the sound processor against the head and vibration is 
transduced through direct contact with the patient’s skin and the bone below.   

In the Otomag Alpha 1 (M), the Otomag Sound Processor is attached magnetically to an implanted 
magnet assembly. The magnetic field holds the sound processor against the head and vibration is 
transduced through direct contact with the patient’s skin and the bone below. 
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Sophono Inc. - Traditional 510(k) Otomag Bone Conduction Hearing System   
Section 07: 510(k) Summary 
The Otomag System is designed for use for those patients with conductive hearing loss, those 
patients who have sensorineural hearing loss up to 45 dB in combination with their conductive loss, 
and single sided deafness as defined in the indications for use.  The prescriptive formula and 
adjustments available to the audiologist in the software allow for programming the Otomag System 
for individual patient hearing loss. 

Technological Characteristics: 
The technological characteristics of the version of the Otomag Bone Conduction Hearing System 
are equivalent to those of the predicate device.  Items that are identical between the modified 
version and the predicate are: 

• Overall Device Performance 

• Fundamental Technology (bone conduction) 

• Software 

Technological characteristics that are different between the modified device and the predicate are 
as follows: 

• Patient contact materials:  Addition of a titanium cased magnetic implant for attachment. 

• Method of Sound Processor Attachment: Addition of a titanium cased magnetic implant for 
attachment. 

Through non-clinical performance testing and evaluation, the identified technological differences do 
not raise new questions of safety and effectiveness. 

Device Indications For Use: 
The Otomag Alpha 1 Sound Processor is intended for use with the Otomag Headband or Otomag 
Softband (no age limitations), or with the Otomag Magnetic Implant (patients 5 years of age and up) 
for the following patients and indications: 

• Patients with conductive or mixed hearing losses, who can still benefit from amplification of 
sound.  The pure tone average (PTA) bone conduction (BC) threshold for the indicated ear 
should be better than 45 dB HL (measured at 0.5, 1, 2, and 3 kHz).  

• Bilateral fitting is applicable for most patients having a symmetrically conductive or mixed 
hearing loss.  The difference between the left and right sides’ BC thresholds should be 
less than 10dB on average measured at 0.5, 1, 2, and 4 kHz, or less than 15 dB at 
individual frequencies.  

• Patients who have a profound sensorineural hearing loss in one ear and normal hearing in 
the opposite ear, who for some reason will not or cannot use an AC CROS.  The pure tone 
average (PTA) air conduction (AC) threshold of the hearing ear should be better than 20 
dB HL (measured at 0.5, 1, 2 and 3 kHz).  

Contraindications 

Any factor that would cause a clinician to refer the patient for medical assessment will temporarily, 
or in some cases permanently, halt the process of hearing aid fitting. These factors include:  

• A hearing loss of sudden onset;  

• A rapidly progressing hearing loss;  

• Pain in either ear;  

• Tinnitus of sudden recent onset, or unilateral tinnitus;  
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Sophono Inc. - Traditional 510(k) Otomag Bone Conduction Hearing System   
Section 07: 510(k) Summary 

• Unilateral or markedly asymmetrical hearing loss of unknown origin;  

• Vertigo (e.g. dizziness) 

Performance Standards: 
The design of the Otomag Bone Conduction Hearing System conforms to the following voluntary 
standards: 

• ISO 14971:2007: Medical devices – application of risk management to medical devices; 

• FDA Memorandum #G95-1: Use of International Standard ISO 10993, Biological 
Evaluation of Medical Devices Part 1: Evaluation and Testing 

• ISO 17665-1:2006: Sterilization of Healthcare Products - Moist Heat - Part 1 Requirements 
for the Development, Validation, and Routine Control of Sterilization Process for Medical 
Devices 

• ISO 17664-1:2004: Sterilization of medical devices - Information to be provided by the 
manufacturer for the processing of resterilizable medical devices 

• ISO 15223-1:2007: Medical devices - Symbols to be used with medical device labels, 
labeling and information to be supplied 

• AAMI TIR 12:2004 Designing, testing and labeling reusable medical devices for 
reprocessing in health care facilities: A guide for medical device manufacturers 

• AAMI/ANSI ST8:2008, Hospital steam sterilizers 

• AAMI/ANSI ST67:2003/(R) 2008,Sterilization of health care products – Requirements for 
products labeled “STERILE” 

• AAMI / ANSI ST77:2006, Containment devices for reusable medical device sterilization 

• AAMI/ANSI ST79:2006,A1:2008,A2:2009 Comprehensive guide to steam sterilization and 
sterility assurance in health care facilities 

• AAMI/ANSI ST81:2004, Information to be provided by the manufacturer for the processing 
of resterilizable medical devices 

• ASTM F136 – 08e1: Specification for Wrought Titanium-6 Aluminum-4 Vanadium ELI 
(Extra Low Interstitial) Alloy for Surgical Implant Applications 

• ASTM F67-06: Standard Specification for Unalloyed Titanium, for Surgical Implant 
Applications 

Non-Clinical Performance Testing:  
The Otomag Bone Conduction Hearing System has been subjected to extensive safety, 
performance testing, and verification / validation. Testing of the Otomag Bone Conduction Hearing 
System included various device performance tests and software validation tests designed to ensure 
that the device meet all of its functional specifications and is fit for its intended use. Tests have also 
been performed to ensure the device complies with industry and safety standards.  The testing 
information presented in this submission demonstrates the device’s performance is substantially 
equivalent to the predicate devices. 
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Sophono Inc. - Traditional 510(k) Otomag Bone Conduction Hearing System   
Section 07: 510(k) Summary 

Page 07-5 of 5 

Conclusion: 
Based on the non-clinical performance testing, the modified version of the Otomag Bone 
Conduction Hearing System is as safe and effective and considered to be substantially equivalent 
to the predicate Otomag device cleared in K100193 and the Audiant cleared K855059 and K861971 
and that the differences between the three devices: 

• Do not raise any new issues of safety and effectiveness  

• Do not amount to a change in the “fundamental scientific technology” of the device with 
regard to the Otomag predicate K100193 

• Do not present any adverse health effect or safety risks to patients when used as 
intended. 

 

 

                                                
                                       Page 209 of 289

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



(b)(4) Testing

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

U.S. Food and Dmug Administration
Center for Devices and Radiological Health
Document Control Center W066-6609
10903 New Hampshire Avenue
Silver Spring, MD 20993-0002

May 13, 2011

SOPHONO, INC 510k Number: K102199
C/O REGLERA, LLC
555 ZANG STREET Product: OTOMAG BONE CONDUCTION
SUITE 100
LAKEWOOD, COLORADO 80228*
ATTN: CLAY ANSELMO

The additional information you have submitted has been received.

We will notify you when the processing of this submission has been completed or if any additional information is
required. Please remember that all correspondence concerning your submission MUST be sent to the Document
Mail Center at the above letterhead address. Correspondence sent to any address other than the one above will not
be considered as part of your official premarket notification submission. Also, please note the new Blue Book
Memorandum regarding Fax and E-mail Policy entitled, "Fax and E-Mail Communication with Industry about
Premarket Files Under Review. Please refer to this guidance for information on current fax and e-mail practices at
http://www.fda.gov/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/ucm089402.htm. On
August 12, 2005 CDRH issued the Guidance for Industry and FDA Staff: Format for Traditional and Abbreviated
51 0(k)s. This guidance can be found at
http://www.fda.gov/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/ucm084365.htm. Please
refer to this guidance for assistance on how to format an original submission for a Traditional or Abbreviated
510(k).

The Safe Medical Devices Act of 1990, signed on November 28, states that you may not place this device into
commercial distribution until you receive a letter from FDA allowing you to do so. As in the past, we intend to
complete our review as quickly as possible. Generally we do so in 90 days. However, the complexity of a
submission or a requirement for additional information may occasionally cause the review to extend beyond 90
days. Thus, if you have not received a written decision or been contacted within 90 days of our receipt date you
may want to check with FDA to determine the status of your submission.

Please ensure that whether you submit a 510(k) Summary as per 21 CFR 807.92, or a 510(k) Statement as
per 21 CFR 807.93, it meets the content and format regulatory requirements.

If you have procedural questions, please contact the Division of Small Manufacturers International and Consumer
Assistance (DSMICA) at (301)796-7100 or at their toll-free number (800)638-2041, or contact the 510k staff at
(301)796-5640.

Sincerely,

510(k) Staff
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May 10, 2011

Food and Drug Administration
Center for Devices and Radiological Health
Document Mail Center - WO66-G609 FDA CDRH DMC10903 New Hampshire Avenue
Silver Spring, MD 20993-0002
Room 2443 MAY 1 3 2011

Received

Attn: Vasant K. Dasika, PhD
Email: Vasant.DasikardWfda.hhs.pov

Biomedical Engineering Scientific Reviewer
Ear, Nose, and Throat Devices Branch
DONEDIODE/CDRH
US FDA

RE: K102199 - Sophono Otomag Bone Conduction Hearing System
Request for Additional Information dated January 20, 2011

510(k) Applicant I Manufactured by: 510(k) Contact / Submission Correspondent:
Jim Kasic Clay Anselmo
President and CEO Reglera LLC
Sophono Inc. 555 Zang Street
3022 Sterling Cr, Lakewood, CO 80228 USA
Boulder, CO 80301 Phone (Mobile): 303-907-2955

Fax: 303-832-6700
Email: anselmoc@reglera.com

Dear Dr. Dasika,

We received FDA's request for additional information dated January 20, 2011 in response to our 510(k)
application, K102199, for the Sophono Otomag Bone Conduction Hearing System. To address the issues
raised in this request for additional information, we are providing the following information in response for your
review.

The attached document reflects our response to the thirteen (13) deficiencies listed in the January 20, 2011
Additional Information request and the additional request regarding electromagnetic immunity sent to
Sophono via emailon February 22, 2011. In several cases, the responses below refer to information
submitted to FDA as a part of interactive review. Wherever this is the case, we have made reference to the
date and method used to submit the information.

If you have any questions or if further information is needed, please feel free to contact me at any time using the
contact information contained above. We greatly appreciate your time and attention to this matter:

Sincerely,

Clay Anwe o,
Submission Correspondent
Reglera LLC.

cc: Jim Kasic., Sophono Inc.
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Physician Manual

Alpha I (S) & Alpha I (M)
Bone Conduction Hearing Systems
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Company Information
Contact information:

Sophono, Inc.
903 Brooklawn Dr.
Boulder, Colorado 80303
USA
+1 (303) 564-1663

. Federal Law (USA) restricts this device to sale by or on the order of
Only a practitioner licensed by the law of the State in which he/she

practices to use or order the use of the device.

Alpha I (S) & Alpha I (M) Physician Manual - REV 7 ' -2-
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1 About this Manual
This Physician Manual provides a description of the Alpha I (S) & Alpha I (M) Bone
Conduction Hearing Systems. This manual includes a description of the system's
features, performance, intended use, and important safety information. This manual
provides the information necessary for the physician to prescribe the Alpha I (S) &
Alpha I (M) Bone Conduction Hearing Systems to the appropriate patient population.
Please read this manual thoroughly before prescribing the system.
A Patient Instruction Manual is included with each Alpha I (S) & Alpha I (M) Bone
Conduction Hearing System and should be referred to for information regarding:

* Kit Contents
* Instructions for Use
" Patient Warnings and Precautions
* Important Things to Remember
" Maintenance
* Customer Support

Important Symbols
A number of symbols are used throughout this manual in order to draw attention to
safety items and other important information.

The following symbols are used:

Warning
* Symbol indicates a potentially hazardous situation, which if

not avoided could result in death or serious injury to the user.

Caution
Symbol indicates a situation that the user must take intoA! consideration to ensure the safe and effective operation of the
equipment and associated accessories.

Notes
*ISymbol indicates important general information for using the

system successfully.

Alpha I (S) & Alpha I (M) Physician Manual - REV 7 -1-
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2 Introduction
Indications for Use
The Otomag Alpha 1 Sound Processor is intended for use with the Otomag
Headband or Otomag Softband (no age limitations), or with the Otomag Magnetic
Implant (patients 5 years of age and up) for the following patients and indications:

* Patients with conductive or mixed hearing losses, who can still benefit from
amplification of sound. The pure tone average (PTA) bone conduction (BC)
threshold for the indicated ear should be better than 45 dB HL (measured at
0.5, 1, 2, and 3 kHz).

* Bilateral fitting is applicable for most patients having a symmetrically
conductive or mixed hearing loss. The difference between the left and right
sides' BC thresholds should be less than 10dB on average measured at 0.5, 1,
2, and 4 kHz, or less than 15 dB at individual frequencies.

* Patients who have a profound sensorineural hearing loss in one ear and
normal hearing in the opposite ear, who for some reason will not or cannot use
an AC CROS. The pure tone average (PTA) air conduction (AC) threshold of
the hearing ear should be better than 20 dB HL (measured at 0.5, 1, 2 and 3
kHz).

Contraindications
Contraindications for the Otomag Alpha 1 Sound Processor connected to the
Otomag Headband, Softband, or Magnetic Implant are as follows:

Any factor that would cause a clinician to refer the patient for medical assessment
will temporarily, or in some cases permanently, halt the process of hearing aid
fitting. These factors include:

* A hearing loss of sudden onset;
* A rapidly progressing hearing loss;
* Pain in either ear;
* Tinnitus of sudden recent onset, or unilateral tinnitus;
* Unilateral or markedly asymmetrical hearing loss of unknown origin;
* Vertigo (e.g. dizziness)

Patients using the Alpha 1(M) configuration of the device, which utilizes a magnetic
implant, should not undergo magnetic resonance imaging (MRI) without having the
implant removed prior to scanning.

Alpha I (S) & Alpha I (M) Physician Manual - REV 7 -2 -
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Patient Selection Criteria
* Patients to be fitted with the Otomag Alpha 1 (S) Sound Processor and its

Headband or Softband may be any age.
* Patients to be fitted with the Otomag Alpha 1 (M) Sound Processor and its

Magnetic Implant should be 5 years old or older.
* Patients and/or patient guardians must be able to understand that the Otomag

System will not restore hearing to normal and will not prevent additional
hearing impairment resulting from conditions such as disease, old age hearing
loss, genetic hearing loss, ototoxic drugs or noise induced hearing loss.

Alpha I (S) & Alpha I (M) Physician Manual - REV 7 -3- -
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Warnings and Cautions Overview
The following section contains a description of all physician related Warnings and
Cautions associated with the Otomag Bone Conduction Hearing Systems.
Additional patient and use related Warnings and Cautions can be found in the
Patient User Manual. Knowledge of the following information is essential for safe
operation of the device. Specific Warnings and Cautions pertaining to physician
instructions are included in the body of the manual and are indicated by the
appropriate symbol.

Warnings
* Thoroughly read the Physician Manual and the Patient Manual before

prescribing the Otomag System.
* To avoid potential performance and I or safety issues, adhere

carefully to patient selection criteria
* A blow to the head in the area of the Otomag Alpha 1 Sound

Processor may result in damage to the device or device failure.
* When using the Otomag Alpha 1 (S) Softband, make sure that a

finger can be placed between the skull and Softband to ensure that
the Softband is not too tight.

* Do not perform scanning with Magnetic Resonance Imaging (MRI) on
an patient using an Otomag Alpha 1 Sound Processor, Magnetic
Implant, Headband, or Softband.

* Carefully consider the potential patient's medical history to rule out
Warning allergies and other reactions to device materials prior to prescribing

the Otomag System.
* The Alpha 1 (M) Magnetic Implant is provide non-sterile and must be

sterlized prior to implantation according to the provided instructions.
Failure to sterilize appropriately can result in serious infection.

* The Alpha 1 (M) Magnetic Implant is not intended to be flash steam
sterilized. Flash steam sterilization has not been validated to
effectively sterilize the device.

* Purchased screws may be provided non-sterile and if so must be
sterlized prior to implantation according to the manufacturers
instructions. Failure to sterilize appropriate can result in serious
infection.

* Excessive, long term use of magentic spacers that are too strong may
lead to pain and or pressure necrosis for the patient. Always
recommend to the patient the lowest magnetic strength spacer that
passes the "Go" test.

* Do not use of the Alpha 1(M) configuration of the device if the skin
contact area of the sound processor is compromised in any way (i.e.
- unhealed incision, psoriasis, or eczema). Failure to follow this

Alpha I (S) & Alpha I (M) Physician Manual - REV 7 - 17
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warning may result in prolonged healing, further irritation or infection

Precautions
" The Alpha 1 Sound Processor, Magnetic Implant, Headband, and

Softband are intended for single-patient use only. Do not use any of
these products if they have previously been placed in or with another
patient.

* Keep Otomag System components away from magnetic data storage
media and electronic devices. The Alpha 1 Sound Processor,
Magnetic Implant, Headband, and Softband all contain magnets that
can potentially damage magnetic data storage media and electronic
devices.

* To avoid damage to the device, do not subject the Alpha 1 Sound
Processor to temperatures below -40F (-200C) or above 1220F (+50 0C)

Caution at any time.
* To avoid potential of damage to the device, do not store the Otomag

System near magnets or magnetic devices other than the magnetic
spacer and implant.

* Prior to use, inspect packaging to verify that it is intact and has not
been damaged. If the packaging is damaged, do not use the device
and return it to Sophono, Inc. Please see the address and phone
number for Sophono, Inc. at the end of this Physician Manual.

* Refer to the screw's original manufacturer's instructions for use for
specific directions on how to use the screws.

* Refer to the original manufacturers instructions for use for specific
directions on how to appropriately use these sterilization pouches.

* The patient should be instructed to select a lower strength spacer if
the pressure on the skin is uncomfortable or pain, numbness, or
tingling occurs.

Alpha I (S) & Alpha I (M) Physician Manual - REV 7 -5-
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Product Description
The Otomag Bone Conduction Hearing System is a family of sound processors and
accessories that operate on the principle of bone conduction of sound vibrations.

The Otomag System is configured in either of two configurations. The first
configuration is the Alpha 1 (S), where the Otomag Sound Processor is attached
magnetically to a Headband or Softband. The second configuration is Alpha 1 (M),
where the Otomag Sound Processor is attached magnetically to an implanted
magnet. The Headband, Softband, or Magnetic Implant holds the sound processor
against the head, and vibration is transduced through direct contact with the
patient's skin and the bone below.

The Otomag System is designed for use for those patients with conductive hearing
loss, those patients who have sensorineural hearing loss up to 45 dB in
combination with their conductive loss, and single sided deafness as defined in the
indications for use. The prescriptive formula and adjustments available to the
audiologist in the software allow for programming the Otomag System for individual
patient hearing loss.

Possible Adverse Effects
General

It is possible that a reaction to the materials of the Headband, Softband, or
Magnetic Implant could occur. Such a circumstance may necessitate that use of
the device be discontinued. Please report any adverse effects to Sophono, Inc.
The address and phone number for Sophono, Inc. are listed at beginning and end
of this Physician Manual. If a reaction to the Headband or Softband occurs,
Sophono will supply appropriate instructions so that the device can be sent to the
laboratory for analysis.

Risks that may occur during surgery:

The risks involved in surgery and complications related to surgery include the
normal risks of the operative procedure and general anesthesia. These include
pain, blood clots, and/or circulatory problems, infection, cardiac arrest, and even
death. Specific risks related to operating on the mastoid include infection,
inflammation, numbness or stiffness about the ear, dural exposure, CSF leak,
perforation of sigmoid sinus, subdural hematoma and noticeable changes in head
noise.
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Warning

0 To avoid potential performance and / or safety issues, adhere
carefully to patient selection criteria.

A , * Carefully consider the potential patient's medical history to
rule out allergies and other reactions to device materials prior
to prescribing the Otomag System.

Risks that may occur after surgery:

Potential risks after surgery include inflammation and complications associated with
general anesthesia. Potential risks related to the implant following surgery include
infection, reparative granuloma, inflammatory reaction, skin breakdown or skin
necrosis.

It is possible that a reaction to the implant materials and or failure of the implanted
device can occur and may necessitate an operation to remove and/or replace the
implant.

The magnetic implant associated with the Alpha 1(M) configuration of the device is
not compatible with Magnetic Resonance Imaging (MRI). If MRI is required, the
implant must be removed prior to scanning.

Warning
" A blow to the head in the area of the Otomag Alpha 1 Sound

Processor may result in damage to the device or device
failure.

* When using the Otomag Alpha 1 (S) Softband, make sure that
a finger can be placed between the skull and Softband to
ensure that the Softband is not too tight.

Do not perform scanning with Magnetic Resonance Imaging
(MRI) on an patient using an Otomag Alpha I Sound
Processor, Magnetic Implant, Headband, or Softband.
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Other Symbols on Equipment and Labeling
ymbol Description

Consult Physician Manual

LO T Batch Code or Lot Number

SN Serial Number

Keep Away From Rain / Keep Dry

Manufacturer
MR Unsafe: Device should not be worn when patient is
undergoing an MRI

Product contains no natural rubber latex

Interference may occur in the area of equipment which is
labeled with the following symbol.

20F Temperature Limitation: The sound processor is
designed to operate within the temperature ranges of
41oF (+5oC) to 104oF (+40oC). The processor should
not be subject to temperatures below -4oF (-20oC) or

-4-F above 122oF (+50oC) at any time.
Device provided Non-Sterile

NON
STERILE
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3 Patient Fitting Procedures
Alpha 1 (S) System: Instructions for Placement of the
Softband or Headband and Alpha 1 Sound Processor

Notes
Record the product and lot or serial numbers for the Alpha 1
Sound Processor in the patient file and send the patient to a
qualified audiologist for proper programming of the Alpha 1
Sound Processor.

The Otomag Softband is an elastic Softband similar to a sweat band used in sports.
The Alpha 1 (S) Sound Processor magnetically adheres to the Softband via a
magnetic pad sewn into the band. No surgery is required and the Alpha 1 (S) can
be used immediately after being programmed by an audiologist.

* To use the Otomag Softband, attach the Alpha 1 (S) Sound Processor to the
magnetic pad on the Softband.

* Test that the Alpha I works by puffing it on yourself, plugging your ears, and
introducing sound.

* Put the Softband around the patient's head, quite loosely at first by slipping the
end of the band through the slot next to the magnetic pad and attaching the
mating Velcro @ loops and hooks to each other.

* Place the magnetic pad against the mastoid or other boney location.
* Tighten the Softband by adjusting the Velcro@ strap until it is close-fitting

enough to ensure effective sound transmission, but not tight enough to cause
discomfort. The Softband is too loose if it slips off of the head, can be rotated
easily around the head or no sound transmission can be heard. The Softband
is too tight if the patient complains of pain or discomfort while wearing the
Softband. Make sure that a finger can be placed between the skull and
Softband to ensure that the Softband is not too tight.

Warning
* When using the Otomag Alpha 1 (S) Softband, make sure that

a finger can be placed between the skull and Softband to
ensure that the Softband is not too tight.

The Otomag Headband is a springy Headband, similar to that used for earphone
devices. It comes in one size and is not adjustable. The Alpha 1 (S) Sounds
Processor magnetically adheres to the Headband via a magnetic pad fitted to the
Headband. No surgery is required and the Alpha 1 (S) can be used immediately
after being programmed by the audiologist.
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* To use the Otomag Headband, attach the Alpha 1 (S) Sound Processor to the
magnetic pad on the Headband.

* Test that the Alpha 1 works by putting it on yourself, plugging your ears, and
introducing sound.

* Put the Headband on the patient's head and place the magnetic pad against
the mastoid or other boney location.

The choice of a Headband or Softband is a matter of patient preference.

Alpha 1 (M) System: Compatible Screws

Notes
The Alpha 1 (M) implant requires 5 screws for implantation that
are NOT included with the implant.

Screws
The Alpha 1 (M) implant requires 5 screws to be used to affix the implant to the
skull. These screws are NOT included as part of the Alpha 1 (M) implant system
and must be obtained separately.

The implant bracket holes are sized to accept Stryker/Leibinger 1.7 mm diameter
Craniomaxillofacial titanium Self Tapping Screws, (Gold) and 1.7 mm diameter Self
Drilling Screws (Silver) in 4 mm lengths and 1.9 mm Emergency Screws (Purple) in
3 mm lengths.

1.7mm dia. x 1.7 mm dia. x 1.9 mm dia. x
40mm 4.0 mm 3.0 mmTitanium Screws Sef Tapping SeffDrflling Emergency

StrykerlLeibinger
Part Numbers / 50-17004/ 50-17904/ 50-19004/

510(k) Clearance K970912 K970912 K963739
Numbers

While all screw sizes / types specified above have been validated for this
application, the Stryker/Leibinger 1.7mm x 4 mm self drilling screws, part number
50-17904 is considered optimal.

Other commercially available craniomaxillofacial titanium screws may be used as
long as the screw shaft diameter is less than 2.0 mm and the screw head size is
greater than 2.45 mm. Screw must be 4 mm in length (3mm for emergency
screws).
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The screws must be sterile prior to implantation. If the screws are not purchased
sterile, refer to the screw manufacturer's instructions for sterilization.

Warning
* Purchased screws may be provided non-sterile and if so must be

sterlized prior to implantation according to the manufacturers
instructions. Failure to sterilize appropriate can result in serious
infection.

Caution
* Refer to the screw's original manufacturers instructions for use

*! for specific directions on how to use the screws.

If the initial attempt to place a screw does not work and the screw hole becomes
"stripped" emergency "rescue" screws can be threaded into the stripped hole. The
largest size screw that can be used is 1.9 mm in diameter.

Alpha I (S) & Alpha I (M) Physician Manual - REV 7 - 11

Page 52 of 318

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Sophono

Alpha 1 (M) System: Instructions for Sterilization and
Placement of the Magnetic Implant and Alpha 1
Sound Processor
Point of Use Sterilization Instructions:

Warning
The Alpha I (M) Magnetic Implant is provide non-sterile and
must be sterlized prior to implantation according to the
provided instructions. Failure to sterilize a device
appropriately can result in serious infection.

The Alpha 1 (M) magnetic implant is provided clean but NOT sterile. It is not
necessary to clean the implant prior to sterilization. To prepare the implant for
steam sterilization use the following steps:
* Unscrew the cap on the magnetic implant container.
* Without touching the magnetic implant, transfer the implant into the

autoclave pouch. Transfer can be simply accomplished by inverting the
implant container over the open top of the autoclave pouch.

* Place a single steam sterilization indicator into the pouch with the implant.
* Immediately seal the autoclave pouch.

CautionA The Alpha 1 Sound Processor, Magnetic Implant Headband,
and Softband are intended for single-patient use only. Do not

* use any of these products if they have previously been placed
in or with another patient.

Exact compliance is required with the sterilization equipment manufacturers
instructions for use, maintenance, and periodic monitoring. The Alpha implant
can be re-sterilized two additional times by gravity steam sterilization
(autoclaving) if it is not used during the implantation procedure. The following
sterilization parameters have been validated for sterilization of the implant.

Limitations on Reprocessing: Magnetic implants may be re-sterilized two
additional times if not used during the implant procedure. Implants should
be stored in the sterilization pouch. However, the implant must be
transferred to a new sterilization pouch just prior to resterilization and
implant.
Presterilization Decontamination / Cleaning I Disinfection: None
Required
Cycle Type: Gravity
Sterilization Time: 15 minutes minimum
Sterilization Cycle Temperature: 132 degrees C / 270 degrees F

Drying Time: 30 minutes minimum
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Packaging: Cardinal Health Self Sealing Autoclave Pouch (P/N 92510)
Storage in Sterile State: Final sterilization immediately pre-implant only

Upon completion of sterilization verify that both sterilization indicator strips
(interior and on exterior of package) indicate the steam cycle was completed
correctly. Follow manufacturer instructions for interpretation of these indicators.
If both the indicators do not show completion of the sterilization cycle, repeat the
cycle.

Warning
WThe Alpha (M) Magnetic Implant is not intended to be flash

steam sterilized. Flash steam sterilization has not been
validated to effectively sterilize the device.

Sterilization Pouch Specifications
To ensure the validated parameters are replicated appropriately, the
following is to be used to individually pouch each implant prior to performing
the sterilization cycle:
Manufacturer: Cardinal Health, http://www.cardinal.com, 800.964.5227
Catalog Number: 92510
Size: 5.5" x 10" Paper Self Seal Pouch
Materials: Arjowiggins 60g/m2 Paper / CN PET 12/CPP40 Micron
Total Product Area: 0.035 m2

Paper Area: 0.035 m2

Ink: Medical Grade

Caution
* Refer to the original manufacturers instructions for use for

specific directions on how to appropriately use these
sterilization pouches.

Internal Steam Indicator Strip
As described above, each time an implant is steam sterilized, place a single
indicator strip labeled for use with the specified gravity steam sterilization
cycle into the inside of the specified pouch. Follow manufacturers
instructions for interpretation of results.

Pre-Surgical Training Requirements
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Before attempting to implant the Otomag Implant, surgeons are required to
complete training provided by Sophono, Inc. During the training they will
receive guidance regarding the procedure, a thorough understanding of the
device and surgical procedure and other important information. Contact
Sophono Customer Services at the contact number listed in Section 6 of this
manual to arrange training.

Surgical Risks

The implantation of the Otomag Implant requires a surgical procedure involving
the removal of tissue and bone. As with any surgical procedure involving a
general anesthetic, certain risks exist. Those risks include the risk of infection
from poor hygiene or non-sterile technique, irritation of tissues during the
implantation procedure, unintended cuts and abrasions, and irritation of tissues
due to unintended exposure to implant materials. The implant is made of
materials considered to be hypo-allergenic but in the case of unintended
damage to the device, a patient could come in contact with substances that
could generate an adverse reaction.

Surgical Site Preparation:

The hair should be clipped and the scalp shaved at the incision site immediately
before surgery. With the incision site skin free of gross contamination, apply
antiseptic (such as iodophors, alcohol-containing products, or chlorhxidine
gluconate) in the area of the proposed incision to an area large enough to allow
for the extension of the incision or creation of a new incision or drain sites (if
necessary).

Pre-Surgical Antibiotic Prophylaxis:

Antibiotic prophylaxis should be considered if the surgeon determines that this
surgical procedure may be associated with a considerable risk of infection or if a
post operative infection would cause a serious hazard to the patient's recovery
or well being.

Surgical Implantation Steps
Step I - Making The Incision
The proper position for the implant is 6 cm from the ear canal at a 45-degree
angle posterior and superior to the ear canal. The incision should be made
7.5 to 8 cm from the external ear canal (1.5 to 2 cm from the location of the
implant so the incision is not directly over the implant). After making the
incision, expose the skull where the implant will be placed. The incision
must be large enough to allow placement of the implant. See Figure 1.
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Figure 1 : Incision Location

Step 2 - Create a bone bed (optional)
The implant is approximately 2.6 mm thick and optimal tissue thickness over
the implant is 4 mm to 5 mm.

To create a bone bed, mark the position of the implant magnets on the bone
and drill the bone bed to a depth of approximately 3 mm. The implant
magnets have a diameter of 10 mm.

Figure 2: Bone Beds
Step 3 - Implant Placement
After creation of the bone bed, install the magnetic implant using the
specified screws such that the implant is oriented with the "This Side Up"
label facing out. In addition, be sure to place the implant so that the small
fiduciary mark is located in the most anterior and superior location. Place
one screw in each of the bracket holes to securely attach the implant to the
skull. The surface of the implant should be nearly flush with the surface of
the mastoid.
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Figure 3: Implant installation Diagram

Step 4 - Tissue Thinning and Closing the Incision
If the tissue flap is thicker than 6 mm, thin down a 10 mm wide strip of tissue
to 5 mm directly over the implant magnets. Suture the incision closed.

Implant Surgical Removal Steps

Step 1 - Making The Incision
The implant is 6 cm from the ear canal at a 45-degree angle posterior and
superior to the ear canal. The incision should be made 7.5 to 8 cm from the
external ear canal (1.5 to 2 cm from the location of the implant so the
incision is not directly over the implant). After making the incision, expose
the skull where the implant has been placed. The incision must be large
enough to allow removal of the implant. See Figure 1 above.

Step 2 - Implant Removal
Remove each of the 5 screws holding the magnetic implant in place. It may
be necessary to excise bone or tissue growth occurring over the face of the
implant. Once the screws are removed the implant can be lifted carefully
from the bone or bone beds. Suture incision closed.
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Instructions for Placement / Sizing of the Magnetic
Spacers
Magnetic Spacer Selection

As with the Headband and Softband, application of appropriate pressure to the
mastoid by the Sound Processor is essential for proper functioning of the
system and patient comfort. The Alpha 1 (M) configuration is supplied with five
strengths of magnetic spacers to allow the fitting physician to adjust the force
applied to the mastoid.

The spacers are labeled with "dots" to indicate magnetic strength. Magnetic
strength increases based on the number of dots present on the spacer. One
dot is the lowest strength and five dots is the highest strength.

Several magnetic spacer strengths may be applicable to an individual patient.
To determine the appropriate magnetic spacer for a patient use the "Go" and
"No-Go" gages as follows.

The "Go" and "No-Go" gages used in the selection of the appropriate magnetic
spacers may be re-used with multiple patients. However, prior to using with
another patient the accessories must be cleaned and disinfected using an EPA-
registered hospital disinfectant wipe.

Using the "Go" gage to determine the weakest appropriate magnetic
spacer
1. Starting with the one dot magnetic spacer, place the magnetic spacer over

the implant Magnetic attraction will pull the magnetic spacer toward the
implant The magnetic spacer has two poles. Rotate the magnetic spacer
360 degrees until the magnetic spacer poles align with the implant poles
and the strongest magnetic attraction is achieved.

2. Ask the patient to sit upright with their head in a typical vertical position.
Attach the "Go" gage clip to the patient's clothing.

3- Hang the "Go" gage disk from the magnetic spacer
4. If the magnetic spacer detaches from the side of the patient's head, then

the spacer is too weak and the process should be repeated with
increasing magnetic spacer strengths until the magnetic spacer remains
attached to the side of the head while attached to the "Go" gage disk.

5. The lowest dot number magnetic spacer that passes the "Go" test
indicates the weakest magnetic spacer strength that should be
recommended to the patient.

Using the "No -Go" gage to determine the strongest applicable magnetic
spacer

1. Starting with the lowest dot number magnetic spacer that passes the "Go"
test, place the magnetic spacer over the implant Magnetic attraction will
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pull the magnetic spacer toward the implant The magnetic spacer has
two poles. Rotate the magnetic spacer 360 degrees until the poles align
with the implant poles and the strongest magnetic attraction is achieved.

2. Again, ask the patient to sit upright with their head in a typical vertical
position. Attach the "No-Go" gage clip to the patients clothing.

3. Hang the "No-Go" gage disk from the magnetic spacer.
4. The magnetic spacer should detach from the head from the weight of the

disk If the magnetic spacer detaches from the head then the magnetic
spacer is one of the appropriate spacers for the patient

5. Repeat this process, increasing magnetic spacer strength one dot at a
time until the magnetic spacer does not detach from head.

6. The highest number magnetic spacer that detaches from the head using
the "No-Go" test indicates the highest magnetic spacer strength that
should be used by the patient on a regular basis.

7. Any magnetic spacer that remains attached during the "No-Go" test is too
strong and should not be recommended for patients long term use.

8. If all magnetic spacers used in the 'No-Go" test detach when the "No-Go"
disc is attached, then all of the spacers tested in the "No-Go" test may be
appropriate for the particular patient

Several spacer magnet strengths may be applicable for an individual patient.
The patient should be prescribed the lowest dot magnet strength that is both
comfortable, functions correctly and fits with their age and lifestyle.

Warning
Excessive, long term use of magentic spacers that are too
strong may lead to pain and or pressure necrosis for the
patient. Always recommend to the patient the lowest
magnetic strength spacer that passes the "Go" test.

Caution
The patient should be instructed to select a lower strength

A! spacer if the pressure on the skin is uncomfortable or if pain,
numbness, or tingling occurs.

Placement of the Alpha I (M) Audio Processor

Approximately 4 weeks after the incision site has healed and all signs of
inflammation are gone, the patient may be fit with the Alpha 1 (M) Audio
Processor.
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Warning

Do not use of the Alpha 1(M) configuration of the device if the
skin contact area of the sound processor is compromised in
any way (i.e. - unhealed incision, psoriasis, or eczema).
Failure to follow this warning may result in prolonged healing,
further irritation, or infection.
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4 Technical Data
Information about Magnets
Magnets in the Alpha 1 Headband, Softband, and Magnetic Implant create a
permanent magnetic field. A permanent magnetic field is not the same as, and
should not be compared to, an electromagnetic field such as that of a mobile
telephone or a high-voltage transmission line.

None of the magnets associated with the Otomag System will affect cardiac
pacemakers as long as the magnetic parts do not directly contact the
pacemaker.

Caution
" Keep Otomag System components away from magnetic data

storage media and electronic devices. The Alpha 1 Sound
Processor, Magnetic Implant, Headband, and Softband all
contain magnets that can potentially damage magnetic data

*1 storage media and electronic devices.
* To avoid potential of damage to the device, do not store the

Otomag System near magnets or magnetic devices other than
the magnetic spacer and implant.

Patient-contacting Materials
Implant Material: The implant consists of a Samarium Cobalt sealed in a
biocompatible titanium case. Only the titanium case of the implant is in contact
with patient tissue.

Softband Material: The Softband is constructed of an elastic band and consists
of approximately 85% nylon/1 5% Spa ndex.

Portion of Headband or Softband that presses against the mastoid (bony
protrusion on the skull located directly behind the ear): Fotoplast Lacquer 3
(light-curing one-component lacquer)

The components and packaging for the Otomag Bone Conduction Hearing
System contain no natural rubber latex.

The Magnetic implant of the system is provided clean and non-pyrogenic, but is
not sterile. The implant is intended to be sterilized via steam sterilization at the
healthcare facility immediately prior to implementation.
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Alpha 1 Sound Processor Technical Characteristics
* Magnetically coupled bone conduction sound processor
* Fully programmable digital hearing system
* programs (programmable by audiologist)
* 4 channels
* 16 frequency bands
* Low battery warning
* Automatic noise reduction
* Automatic feedback cancellation
* Volume control
* Outer material of Alpha 1 (S): plastic with a corrosion resistant steel disk
* Weight: 10 g (with battery
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Alpha 1 Sound Processor Performance Data
(Measured according to DIN IEC 60118-9 Hearing Aids Part 9: Methods of
measurement of characteristics of hearing aids with bone vibrator output)

OFL (Output force level) at 90 dB SPL - Top Line)

OFL (Output force level) at 60 dB SPL - Bottom Line)
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to It a 4
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* Acousto - mechanical gain at 60 dB SPL and 1600 Hz: 29 dB
* Maximum gain at 60 dB SPL: 38 dB re 1 pN
* Peak Output at 90 dB SPL: 115 dB re 1 pN
* Frequency range per ANSI S3.22-2009: 280-5000 Hz
* Frequency Processing Range: 125-8000 Hz
* Total Harmonic Distortion per ANSI S3.22-2009: <3%
* Equivalent input noise: 17 dB SPL
* Battery current drain: 0.95 mA
* Processor: 16 band, 4 Channel WDRC
* Crossover Frequency Options: 0-1.25, 0.25-2.75, 1.75-7.75 kHz
* Compression Attack Time: 0.25 ms
* Compression Release Time: 8192 ms
* Patient Volume Control Wheel: 38 dB range
* Power Supply: 1.3V, #675 Zinc Air Battery
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5 Storage and Handling
Storage

Caution
a To avoid damage to the device, do not subject the Alpha 1

Sound Processor to temperatures below -20 C (-4 F) or
above +50 C (122 F) at any time.

* To avoid potential of damage to the device, do not store the
Otomag System near magnets or magnetic devices other
than the magnetic spacer and implant.

Handling

Caution
Prior to use, inspect packaging to verify that it is intact and
has not been damaged. If the packaging is damaged, do notSuse the device and return it to Sophono, Inc. Please see the
address and phone number for Sophono, Inc. at the end of
this Physician Manual
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6 Professional Support
For more information or to report concerns, device malfunctions, adverse events, or
patient complaints, please contact:

Sophono, Inc.

903 Brooklawn Dr.
Boulder, Colorado 80303
USA
+1 (303) 564-1663
postmaster@sophono.com

Manufactured for: Sophono, Inc. 903 Brooklawn Dr., Boulder, Colorado
80303 USA +1 (303) 564-1663

Printed in U.S.A.

@Copyright Sophono, Inc.
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Bone Conduction Hearing Systems

Apha I (S) & Alpha I (M) Patient User Manual - REV? -71 -

Page 68 of 318

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Sophono

Company Information
Contact information:

Professional Support:
Sophono, Inc.
903 Brooklawn Dr.
Boulder, Colorado 80303
USA
+1 (303) 564-1663

Federal Law (USA) restricts this device to sale by or on the order
Only of a practitioner licensed by the law of the State in which he/she

practices to use or order the use of the device.
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1 About this Manual
This Patient Manual provides a description of the Alpha I (S) & Alpha I (M) Bone
Conduction Hearing Systems. This manual includes a description of the system's
features, performance, intended use, and important safety information. Please read
this manual thoroughly before using the system.

This Patient Instruction Manual included with each Alpha I (S) & Alpha I (M) Bone
Conduction Hearing System should be referred to for information regarding:

* Kit Contents
* Instructions for Use
* Patient Warnings and Precautions
* Important Things to Remember
* Maintenance
* Customer Support

Important Symbols
A number of symbols are used throughout this manual in order to draw attention
to safety items and other important information.

The following symbols are used:

Warning
Symbol indicates a potentially hazardous situation, which if
not avoided could result in death or serious injury to the
user.

Caution
Symbol indicates a situation that the user must take intoA! consideration to ensure the safe and effective operation of
the equipment and associated accessories.

.-- Notes
* Symbol indicates important general information for using the

system successfully.
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2 Introduction
Dear Customer:
Congratulations on the purchase of your new Otomag Bone Conduction Hearing
System!

The Otomag Bone Conduction Hearing System includes a family of Sound
Processors and accessories that operate on the principle of bone conduction of
sound vibrations.

The Otomag Bone Conduction Hearing System is supplied in either of two
configurations. The first configuration is the Alpha 1 (S), in which the Otomag
Sound Processor is attached magnetically to a Headband or Softband. The
second configuration is Alpha 1 (M), in which the Otomag Sound Processor is
attached magnetically to a Magnetic Implant placed behind your ear. The
Headband, Softband, or Magnetic Implant holds the Sound Processor against
the head, and vibration is transduced through direct contact with your skin and
the bone below.

The Otomag System is designed for use for patients with conductive hearing
loss, patients who have sensorineural hearing loss up to 45 dB in combination
with their conductive loss, and patients who suffer from single sided deafness
as defined in the indications for use. The prescriptive formula and adjustments
available to the audiologist in the software package allow for programming the
Otomag System for individual patient hearing loss.

This Patient Manual will help you quickly gain confidence with your new Otomag
Bone Conduction Hearing System. If you have further questions please consult
your hearing healthcare provider.

General Information
A hearing device will not restore normal hearing and will not prevent or improve
a hearing impairment resulting from organic conditions. In most cases
infrequent use of a hearing device does not permit a user to attain full benefit.
The use of a hearing device is only part of hearing habilitation and may need to
be supplemented by auditory training and instruction in lip reading.

Note
* The components and packaging of the Otomag Bone

Conduction Hearing System contain no natural rubber latex
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Note

*The Magnetic implant of the system is provided clean and
non-pyrogenic, but is not sterile. The implant is intended to be
sterilized via steam sterilization at the healthcare facility
immediately prior to implementation.

Indications for Use
The Otomag Alpha 1 Sound Processor is intended for use with the Otomag
Headband or Otomag Softband (no age limitations), or with the Otomag
Magnetic Implant (patients 5 years of age and up) for the following patients and
indications:

* Patients with conductive or mixed hearing losses, who can still benefit from
amplification of sound. The pure tone average (PTA) bone conduction (BC)
threshold for the indicated ear should be better than 45 dB HL (measured
at 0.5, 1, 2, and 3 kHz).

* Bilateral fitting is applicable for most patients having a symmetrically
conductive or mixed hearing loss. The difference between the left and right
sides' BC thresholds should be less than 10dB on average measured at
0.5, 1, 2, and 4 kHz, or less than 15 dB at individual frequencies.

* Patients who have a profound sensorineural hearing loss in one ear and
normal hearing in the opposite ear, who for some reason will not or cannot
use an AC CROS. The pure tone average (PTA) air conduction (AC)
threshold of the hearing ear should be better than 20 dB HL (measured at
0.5, 1, 2 and 3 kHz).

Contraindications
Contraindications for the Otomag Alpha 1 Sound Processor connected to the
Otomag Headband, Softband, or Magnetic Implant are as follows:
Any factor that would cause a clinician to refer you for medical assessment will
temporarily, or in some cases permanently, halt the process of hearing aid
fitting. These factors include:

* Hearing loss occurring suddenly;
* Hearing loss that grows worse rapidly;
* Pain in either ear;
* A sudden recent onset of ringing or a similar sensation in the ears, also

known as tinnitus. Tinnitus may be bilateral (occurring in both ears) or
unilateral (occurring in one ear);

* Unilateral or markedly asymmetrical (not equal in both ears) hearing loss of
unknown origin;

* Vertigo (e.g. dizziness)
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Patients using the Alpha 1(M) configuration of the device, which utilizes a
magnetic implant, should not undergo magnetic resonance imaging (MRI)
without having the implant removed prior to scanning.

Note: While the contraindications listed above may affect the process of hearing
aid fitting, it should be noted that the treatment plan for use of the Otomag
Alpha I Sound Processor may vary with worsening or improving hearing. Your
treatment plan will be determined by your hearing health specialists.

Warnings and Cautions Overview
The following section contains a description of all patient related Warnings and
Cautions associated with the Otomag Bone Conduction Hearing System.
Knowledge of the following information is essential for safe operation of the
device. Specific Warnings and Cautions pertaining to patient instructions are
included in the body of the manual and are indicated by the appropriate symbol.

* Thoroughly read Patient Manual before using the Otomag
Bone Conduction Hearing System.

* Rule out allergies and other reactions to device materials prior
to prescribing the Otomag System.

* A blow to the head in the area of the Otomag Alpha 1 Sound
Processor may result in personal injury and damage to the
device or device failure.

* When using the Otomag Alpha 1 (S) Softband, make sure that
a finger can be placed between the skull and Softband to

Warning ensure that the Softband is not too tight.
* Do not undergo scanning with Magnetic Resonance Imaging

(MRI) if you are using an Otomag Alpha 1 Sound Processor,
Magnetic Implant, Headband, or Softband.

* Never store hearing aids and batteries within reach of small
children or animals. The batteries are small, easily swallowed,
and can poison small children and animals.

* Do not dispose of your Sound Processor in an incinerator or
fire. In no case should batteries be thrown into an open fire.

a Do not attempt to recharge batteries.
* If you experience discomfort, pain, numbness, or tingling of the

skin in the area of your magnetic implant, remove the sound
processor assembly and see your physician for refitting of the
device.

* Read this Patent User Manual and keep it available so you
Caution can refer to it when needed.

a The Alpha 1 Sound Processor, Magnetic Implant, Headband,
and Softband are intended for single-patient use only. Do not
use any of these products if they have previously been used
with another patient.

Lp v&. Keep Otomag System components away from magnetic data
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storage media and electronic devices. The Alpha 1 Sound
Processor, Magnetic Implant, Headband, and Softband all
contain magnets that can potentially damage magnetic data
storage media and electronic devices.
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* To avoid damage to the device, do not subject the Alpha 1

Sound Processor to temperatures below -4 OF (-20 *C) or
above 122 OF (+50 *C) at any time.

" To avoid damage to the device, do not store the Otomag
System near magnets or magnetic devices other than the
magnetic spacer and implant.

* Remove the Sound Processor, Headband and Softband before
x-rays of the head and neck

* Remove the Sound Processor, Headband, and Softband during
radiation therapy

* Portable and mobile RF (radio frequency) communications
equipment can affect the performance of the Sound Processor.

* Interference may occur in the area of equipment which is
labeled with the following symbol:

* Dispose of batteries and electronic items in accordance with
your local regulations.

* When navigating through security in airports remove the Sound
Processor, Headband and Softband and have them screened
through the x-ray screening process. The Sound Processor,
Headband and Softband contain metal that may activate the

Caution airport security metal detectors.
* Do not use the Alpha 1 Sound Processor, Headband or

Softband while participating in contact sports. Hard physical
contact with the device or a blow to the head in the area of the
Alpha 1 Sound Processor, Headband or Softband may result in
damage to the device or device failure.

* Clean the Alpha 1 Processor, Headband, and Softband only as
directed. Other common household cleaning chemicals or
methods, such as washing machines, bleach, ammonia, or
spray cleaners may damage the device.

* To avoid damage to the case or the Sound Processor, do not
use household soaps or rinse / submerge the case under water
and do not wash the case in the dishwasher. Should the case
become wet for any reason, allow the case to air dry completely
before storing the Alpha 1 Processor in the case.

* When removing the Sound Processor do not pull on the
processor itself, this could result in damage to the device.

* The Sound Processor is not water proof and should not be
worn in heavy rain, in the bath or shower, or in other
environments when exposure to heavy moisture is likely.
Exposure to moisture may cause damage to the device.

* Protect your Sound Processor from impact and shock. Avoid
dropping your Sound Processor.

* Do not expose the Sound Processor to strong sunlight.
. Always switch your device off when you remove it. If you do

not use your Sound Processor for a long time, remove the
battery and store the Sound Processor in its case.
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3 Operating Instructions
Insertion of the battery
Size 676 batteries are required for your Alpha I Sound Processor.

See Figure 1 for details. Open the battery compartment (1) with a fingernail and
insert the battery (2) so that the plus (+) sign on the battery and the plus (+) sign
on the battery compartment are on the same side. Close the battery
compartment with a finger. The Sound Processor is now switched on.

Caution
* Dispose of batteries and electronic items in accordance with

*! your local regulations.

Switch off your Sound Processor whenever you're not using it by pivoting the
battery compartment fully out. This will help preserve battery life. The Alpha 1
has a low battery indicator that generates a tone when it is time to replace the
battery. Your hearing healthcare provider can adjust the volume and tone of the
low battery indicator for you.

-2

Figure 1. Alpha I Sound Processor

Warning
* Never store hearing aids and batteries within reach of small

children or animals. The batteries are small, easily
swallowed, and can poison small children and animalsA * Do not attempt to recharge batteries.

* Do not dispose of your Sound Processor in an incinerator or
fire. In no case should batteries be thrown into an open fire

Alpha I (S) & Alpha I (M) Patient User Manual - REV 7 -1-

Page 78 of 318

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Sobhono

Start-up and Operation
Switch on the Alpha 1 Sound Processor by pivoting the battery compartment
fully in.

Positioning the Sound Processor
Alpha 1 (S)

To place the Alpha 1 (S) Sound Processor, simply guide it into the vicinity of the
magnetic pad in the Softband or Headband. The magnetic forces will bring it to
its correct position. See Figure 2.

Figure 2. Positioning the Alpha I (S) Sound Processor on the Softband

Warning
When using the Otomag Alpha 1 (S) Softband, make sure
that a finger can be placed between the skull and Softband
to ensure that the Softband is not too tight.

Alpha 1 (M)

To place the Alpha 1 (M) Sound Processor, simply guide it into the vicinity of the
Magnetic Implant. The magnetic forces will bring it to its correct position. See
Figure 3. If you have thicker hair, it may be necessary to part your hair over the
implant site or shorten the hair at the implant location to ensure an adequate
holding force between magnets.

Figure 3. Positioning the Alpha I (M) Sound Processor on the Magnetic Implant
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Warning
* If you experience discomfort, pain, numbness, or tingling of

the skin in the area of your magnetic implant, remove the
sound processor assembly and see your physician for refitting
of the device.

Caution
The Alpha 1 Sound Processor, Magnetic Implant,
Headband, and Softband are intended for single-patient use

* only. Do not use any of these products if they have
previously been used with another patient.

Volume Control
The volume can be adjusted with the small wheel that is situated on the outside
of the Alpha 1 Sound Processor. Using the tip of the index finger, apply slight
pressure on the rotary button and simultaneously turn forward to increase
volume. Turn the rotary button in the opposite direction to reduce volume.

You can switch off the Sound Processor by opening the battery access door. As
soon as you take off the device, switch it off. See Figure 4 for details.

Battery

Program Access Door

Selection
Button

Extemnal

Volume Contro Microphone

Figure 4. Alpha I Sound Processor

Program Selection Button
The Alpha 1 Sound Processors offer four program settings for different hearing
situations. By pressing the small button on the Sound Processor, the programs
can be activated. For each activated program you will hear a corresponding
signal tone for recognition.
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* Program 1: Instrument beeps once
* Program 2: Instrument beeps twice
* Program 3: Instrument beeps three times
* Program 4: Instrument beeps four times

Your hearing healthcare provider will inform you when each of the programs
should be used

Removing the Sound Processor
To remove the Alpha 1 Sound Processor, pull ONLY on the steel disk. See
Figure 5. Alpha 1 Sound Processor w/ Metal Disc for Magnetic Attachment

Metal
Disc

Figure 5. Alpha I Sound Processor w/ Metal Disc for Magnetic Attachment

Note
* If you remove the Sound Processor without switching it off, it

generates a vibrating tone which leads to high battery
consumption. Therefore, always properly switch off the
Sound Processor when you are not wearing it.

Caution
W Vhen removing the Sound Processor do not pull on the
processor itself, this could result in damage to the device.
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If Your Sound Processor Does Not Function
Check the following if the Sound Processor is not functioning properly:

* The device is properly switched on and the battery compartment is fully
closed

* The battery is not dead
* The battery surface is clean.

If the device still is not functioning properly, see your hearing healthcare
provider.
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4 Product Maintenance
Cleaning and Care
Sound Processor

* Have your Sound Processor checked at regular intervals as specified by
your hearing professional.

* To clean your Sound Processor, wipe it with a soft cloth or a Clorox@
type disinfecting wipe

* The battery compartment may be cleaned by wiping it out with a DRY
cotton swab or a cotton swab that has been moistened by a Clorox@ type
disinfecting wipe.

Note
* Remove the Sound Processor, Softband, and Headband

during the application of hairspray or styling gels. If
hairspray or gel comes in contact with the Sound Processor it
may become sticky and difficult to clean

* If the Sound Processor becomes soaked with water:

o Immediately open the battery door and remove the battery
o Put the Sound Processor in a container with drying capsules such as

Dri-aid kit or similar overnight. Drying kits are available from most
hearing care professionals.

Caution
* The Sound Processor is not water proof and should not be

wom in heavy rain, in the bath or shower, or in other
environments when exposure to heavy moisture is likely.
Exposure to moisture may cause damage to the device.

* To avoid damage to the case or the Sound Processor, do
* -not use household soaps or rinse I submerge the case under

water and do not wash the case in the dishwasher. Should
the case become wet for any reason, allow the case to air
dry completely before storing the Alpha 1 Processor in the
case

* The Sound Processor is provided in a plastic case which may be used to
store the processor. This case may be cleaned with a Clorox@ type
disinfecting wipe. Make sure the case is completely dry before storing
the Sound Processor in it.
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Caution
The Sound Processor is designed to operate within the
temperature ranges of 410F (+50C) to 1040F (+400C). The
processor should not be subject to temperatures below -40F
(-200C) or above 122 0F (+50 0C) at any time.

* Protect your Sound Processor from impact and shock.
*l Avoid dropping your Sound Processor

* Do not expose the Sound Processor to strong sunlight
* Always switch your device off when you remove it. If you do

not use your Sound Processor for a long time, remove the
battery and store the Sound Processor in its case

Softband and Headband

* The Headband can be cleaned with a Clorox@ type disinfecting wipe.

* The Softband may be submerged and hand washed with a mild clothes
washing detergent (with or without a small amount of color safe bleach)
and air dried or may be cleaned with a Clorox@ type disinfecting wipe.

Magnetic Spacer

* The Magnetic Spacer can be cleaned with a Clorox@ type disinfecting
wipe.

Caution
* Clean the Alpha 1 Processor, Magnetic Spacer, Headband,

and Softband only as directed. Other common household
cleaning chemicals or methods, such as washing machines,
bleach, ammonia, or spray cleaners may damage the
device.

" * To avoid damage to the case or the Sound Processor, do
not use household soaps or rinse / submerge the case
under water and do not wash the case in the dishwasher.
Should the case become wet for any reason, allow the case
to air dry completely before storing the Alpha 1 Processor in
the case.

Retention Clip I Lanyard

* The Retention Clip / Lanyard can be cleaned with a Clorox@ type
disinfecting wipe.
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Damage and Replacement
The expected live span for the Sound Processor, Magnetic Spacer, Softband,
and Headband is approximately 4 years depending on use, wear, and tear. The
Sound Processor will need to be repaired or replaced when it no longer
produces adequate vibrations or the sounds become highly distorted. The
Softband should be replaced when it becomes damaged or the elastic begins to
be stretched out and it can no longer be tightened adequately for sound
transmission. The Headband should be replaced when it becomes damaged or
no longer has enough spring force to press the magnetic pad against the head
for adequate sound transmission. Replacement Headbands and Softbands may
be purchased through your hearing healthcare provider from Sophono, Inc.

5 Accessories
If your Alpha 1 Sound Processor has a jack for an FM boot, you may plug the boot
of a Phonak MLxi FM receiver into the bottom of the Sound Processor.

If you are concerned about the Alpha 1 Sound Processor falling off your head, a
clip and tether are available so that the Sound Processor can be tethered to a
garment you're wearing.
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6 Technical Data
Information about Magnets
Magnets in the Alpha 1 Headband, Softband, and Magnetic Implant create a
permanent magnetic field. A permanent magnetic field is not the same as, and
should not be compared to, an electromagnetic field such as that of a mobile
telephone or a high-voltage transmission line.

None of the magnets associated with the Otomag System will affect cardiac
pacemakers as long as the magnetic parts do not directly contact the
pacemaker.

The magnetic implant associated with the Alpha 1(M) configuration of the device
is not compatible with Magnetic Resonance Imaging (MRI). If MRI is required,
the implant must be removed prior to scanning.

Warning
* Do not undergo scanning with Magnetic Resonance Imaging

(MRI) if you are using an Otomag Alpha 1 Sound Processor,
Magnetic Implant, Headband, or Softband.

Caution
* Keep Otomag System components away from magnetic

data storage media and electronic devices. The Alpha 1
Sound Processor, Magnetic Implant, Headband, and
Softband all contain magnets that can potentially damage
magnetic data storage media and electronic devices.

* To avoid potential of damage to the device, do not store the
Otomag System near magnets or magnetic devices other
than the magnetic spacer and implant.

Patient-contacting Materials
Implant Material: The implant consists of a Samarium Cobalt sealed in a
Titanium case.

Softband Material: The Softband is constructed of an elastic band and consists
of approximately 85% nylon/15% Spandex.
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Portion of Headband or Softband that presses against the mastoid (bony
protrusion on the skull located directly behind the ear): Fotoplast Lacquer 3
(light-curing one-component lacquer)

The components and packaging for the Otomag Bone Conduction Hearing
System contain no natural rubber latex.

The Magnetic implant of the system is provided clean and non-pyrogenic, but is
not sterile. The implant is intended to be sterilized via steam sterilization at the
healthcare facility immediately prior to implementation.

Alpha 1 Sound Processor Technical Characteristics
* Magnetically coupled bone conduction Sound Processor
* Fully programmable digital hearing system
* Programs (programmable by audiologist)
* 4 channels
* 16 frequency bands
* Low battery warning
* Automatic noise reduction
* Automatic feedback cancellation
* Volume control
* Outer material of Alpha 1 (S): plastic with a corrosion resistant steel disk
* Weight: 10 g (with battery)

Alpha 1 Sound Processor Performance Data
(Measured according to DIN IEC 60118-9 Hearing Aids Part 9: Methods of
measurement of characteristics of hearing aids with bone vibrator output)

OFL (Output force level) at 90 dB SPL - Top Line)

OFL (Output force level) at 60 dB SPL - Bottom Une)

Di,

Alpha I (S) & Alpha I (M) Patient User Manual - REV 7 -20- z2l
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Sotohono
(Measured according to DIN IEC 60118-9. Averages include all configurations
of softband, headband, and magnetic spacers for a given normal force)

OFL (output force level) at 90 dB SPL
120

110

- 54 N (average)

60
100 1000 10000

Frequencyl(Ha)

*Acousto - mechanical gain at 60 dB SPL and 1600 Hz: 29 dB
*Maximum gain at 60 dB SPL: 38 dB re 1 pN

Peak Output at 90 dB SPL: 115 dB re 1 pN

*Frequency range per ANSI S3.22-2009: 280-5000 Hz
Frequency Processing Range: 125-8000 Hz

*Total Harmonic Distortion per ANSI S3.22-2009: <3%
*Equivalent input noise: 17 dB SPIL
*Battery current drain: 0.95 mA

-Processor: 16 band, 4 Channel WDRC

Crossover Frequency Options: 0-1.25, 0.25-2.75, 1.75-7.75 kHz

* Compression Attack Time: 0.25 ms
* Compression Release Time: 8192 ms
* Patient Volume Control Wheel: 38 dB range
* Power Supply: 1.3V, #675 Zinc Air Battery

Alpha I (S) & Alpha I (M) Patient User Manual - REV 7 -21 -
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Sophono

7 Patient Support
If you experience any device related issues, develop unexpected or excessive
symptoms, or have general concerns or questions, please contact your hearing
health specialists.

Manufactured for: Sophono, Inc. 903 Brooklawn Dr., Boulder, Colorado 80303 USA
+1 (303) 564-1663
Printed in U.S.A.
@Copyright Sophono, Inc.

Alpha I (S) & Alpha I (M) Patient User Manual - REV 7 -22-
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Proceedings of the Second LASTED International Conference
BIOMECHANICS
September 7-9, 2005, Benidorm, Spain

MECHANICAL CHARACTERISTICS OF THE HUMAN SKULL BONE

R6mi DELILLE. Christophe DELILLE*, Pascal DRAZETIC, Catherine MASSON* & Eric
MARKIEWICZ.

LAMIH-LGM, University of Valenciennes, 59313 Valenciennes cedex 9 (France). INRETS-LBA,

remi.delille@univ-valenciennes.fr

ABSTRACT and the cadaver's individual characteristics are very
important data. Cadaver diversity causes morphological

In the first batch of works, experimental tests are differences. To take into account these differences,
performed on post mortem human subjects. Ninety-two authors such as Barber et al [2] tested a single skull. They
tests human skull bones specimens are tested. Skull bones identified other parameters for the concerned skull zone
material characteristics are identified by numerical (frontal, parietal, temporal, zygomatic bones) using
simulations. Three classes are determined for the bone's McElhaney et al [3]'s reference grid. Differences in bone
Young modulus compared to calcination bone percentage. thickness between various zones have been noted. Barber
In the second part, a quasi-static compression test is et al [2], McElhaney et al [3], and Evans et al [4] also
carried out on the skull. Skull material characteristics are noticed differences in the skull bone's mechanical
deduced according to percentage of bone. The behaviour characteristics. These authors confirmed variations
law for the cranium was established on the basis of its between right and left bones. Only Hubbard et al (5]
percentage bone. Numerical simulation of this cranium concluded that location or side bones have no influence
has validated the class and the identified behaviour laws. on mechanical responses.
The results show that elastic-plastic mechanical It is difficult to compare results because of the
characteristics must be used for the skull. These results diversity of experimental protocols used and the
will serve in the definition of a resin material. A physical consequent evolution of measurement devices during the
skull model will be created with this resin using last thirty years.
stereolithography. This physical prototype will replace the These mechanical characteristics have been used in
head of the current models. many finite element models of the head. Results in

scientific literature show difficulty using these models in
new protection design. Number of brain injuries aren't

KEY WORDS reproducible for head cadavers and therefore they can't be
analysed.

skull bone / mechanical properties / identification / Crandall [6] determined the importance of

bending test / finite elements. preservation procedures for human surrogates. One
hundred and fifty (150) rib samples from thirteen cows
were used for bending tests. He studied six preservation

1. Introduction procedures such as frozen and Winckler method [7]. He
compared their identified Young modulus with fresh

Each year, in industrialized countries, head bone. Results showed that the Young modulus of frozen
traumatisms account for 50 to 70 % of accidental deaths. bone is 28 % lower than the Young modulus of fresh
They are the leading cause of death in young people 15 to bone, the Young modulus of embalmed Winckler bone is
24 years old. For seriously injured victims, after-effects lower by 7%. The author concluded that compared to a
are frequent, sometimes irreversible, and handicapping, fresh cadaver, the Winckler method least affects the
making their socio-professional reintegration impossible bone's mechanical characteristics.
thereafter. This pathology reveals real social, economic This work consists of identifying skull bone
and human problems. Moreover, it affects particularly the constitutive law. In this study, the skull bone is
young and active population. considered to be a one-layer homogeneous material.

Different experiments described in scientific Results will serve as reference to identify a resin material
literature confirm extreme results' dispersion. Sex, age, to be used for the development of a physical skull model.
the post mortem human subject's (PMHS) physical state This model will be made with a rapid prototyping
before death [1], specimen locations, PMIHS preparation, technique.

Zq
485-082 240
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2. Materials and methods test sample, sex, weight, size, age, cadaver preservation
procedure).

.a The cadavers' average age is 86 years old, where
50 % of the cadavers are male and 58 % are embalmed by
Winckler method.

The speed of the hydraulic machine is between 0
and 80 mm/min (see Fig. 1). The diameter of the - h Age

HedSpecimen Weight height Age
cylindrical impactor is 20 mm. Head number Sex (kg) (m) (year) Embalming

TO4 6 M 58 1,65 89 Winckler

TO5 8 M 82 1.80 83 Winckler

T 06 10 F 60 1.62 87 Winckler

T 07 9 F 60.5 1.59 88 Winckler

T08 5 F 80 162 89 Forimol

T 13 5 F 51 1.62 69 Fomol

T 14 6 F 61 1.68 87 Formol

Fig. I : Flexible test machine T 15 8 M 72 1.60 84 Winckler

2.2. Biological sampling T 16 12 F 63 1,64 88 Formol

T 17 9 M 42 1.70 90 Winckler

Tests are carried out on anatomic specimens T is 7 M 58 i.72 90 Winckler

embalmed according to two techniques: formol and T 19 7 M 72 181 84 Formol
Winckler. Head measurements (a, b and c parameters) and Minimum 42 1.59 69
head weights are taken (see Fig. 2). Maximum 82 181 90

Mean 64 1.67 86

- Standard deviation 12 0.07 6
.~ Tab. I : General characteristics of tested skull

The frontal bone thickness is greater than the
Fig. 2: Measurement References parietal bone thickness. The difference between the right

and left parietal bone thickness is negligible.
2.3. Bending specimen tests Skull T06 Force/Displacement curves are

presented (see Fig. 4).
92 test specimens are taken from the frontal and

parietal bones of 12 skulls. M E5
Test specimen sample 275 2m
Specimens are cut from each skull at 0, 45 and 90', 2 Ea

with respect to the sagittal suture. Eo

-EpolSpecimens preparation -125
Bone sample is prepared for a simple bending test 5 /,

5

by modifying one end of the bone specimen into a 25

cylinder with zero degree of freedom (see Fig. 3). 5
0 05 1 15 2 25 3 35 4 45 5 55 6 6.5 7

Displarement (mm)

Fig 4: Skull T06 Force/Displacement curves

Constitutive laws can be identified with bending
tests. Test specimens are considered as a straight beams.

Fig. 3 : Zero degree offreedom test sample Table 2 summarizes experimental tests results.

92 bending tests on skull bone samples are carried
out in quasi-static speed (40 mm/min). The information is
summarized in Table I (head reference sample, number of
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Standard StandardMean Minimum Maximum DvainNb F Min MaxDeitoDeviation N E Mi M&XDeviation
Sp (MPa) (MPa) (MPa) (MPa)

Mineralization 47,5 39,9 52,6 3,8 S - -

(%) Frontal bone 00 3 4000 3300 4700 700

Spongy bone 450 6 3000 2200 4100 800
thickness / total 56,3 37.8 70.4 9,6 90' 12 2792 1500 3800 828
thickness (%) 90 2 29 50 30 2

Thickness Right parietal 0' 7 3071 2200 3600 439
6,9 49 8,6 1,lhoneaverage (mm) 6,9 4,9 8,6 b10

450 2 2850 2300 3400 778
Density average 1938 1842 2065 57 900 3 2800 2400 3200 400

r(kg/rn') 90'__ 3 200 240 300 40

Analytic Young Left parietal 0' 9 3056 2100 3600 493
modulus E 3779 2522 5194 837 bone

(MPa) 45' 2 2200 2000 2400 283

Tab. 2 Experimental tests results 90' 2 3350 2800 3900 778

Tab. 4 : Identification results according to sample zone in
However, test specimens are not straight beams class B

(thickness are not constant, radius of curvature,...).
Therefore, constitutive laws are identified with numerical

simuatins romrealbon spcimns.The Young modulus of the 00 right parietal bone
and the 0' left parietal bone are approximately equivalent.

Three classes are defined from obtained results There is also a symmetry between the two bones parallel

* Class A : % Bone 5 40 % ( T 14 to the sagittal suture.
The Young modulus of the 0' samples is better

* Class B :40%<% Bone<50% ( T05, T06, T than all the other zones and orientations.
07, T 08 , T 13, T 15, T 16, T 19 ),

* ClassC:50%:% Bone( T04, T 17, T 18).
Standard

Nb E Min Max
The test specimen number (Nb Sp) whose Sp (MPa) (MPa) (MPa) deviation

characteristics have been identified for each skull, mean (MPa)
mineralization (% Bone) and mean Young modulus (E) Frontal bone 00 1 5500
are summarized in Table 3. 450 I 3500

Nb % E Clas % E

Skull Bone (P Class Bone E (Ma) 900 4 4525 3700 5900 954

5 T14 39.96 1680 Class A 39.96 1680 Right parietal 3260 2400 4200 669
6 T07 42.33 3033 bone I

8 TO5 44.69 2788 450 1 4600

4 T08 45.15 3425 _90 24450 3800 5100 919

6 T16 46.72 3067 0. 0
Class B 46.58 3025 bone

5 TI5 47.28 3000 450 1 3800
8 TO6 47.37 2788 900 I 3000
6 T19 49.40 3167 Tab. 5: Identification of results according to sample zone
3 T13 49.67 2933 in class C
4 T18 50.03 3850

6 T17 51.30 4000 Class C 51.31 3967 The Young Modulus of Class C are better than the

6 T4 152.60 14050 Class B modulus according to sample zones.

Tab. 3 :Ident(fcation results according to classes A database has been created which will be
completed later. New tests will be carried out for certain

Comparisons are carried out by class in order to bones in certain orientations and on younger subjects.
reduce mineralization parameter influences. There is only
one skull in Class A, therefore analyses will be carried out
in Class B (40 % 5 % Bone < 50 %) (see Tab. 4) and in
Class C (% Bone 50 %) (see Tab. 6).
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3. Validation with a skull compressive test

3.1. Experimental protocol "'

Quasi-static axial loads are applied to the skull & 2000

taken from a cadaver in order to quantify the mechanical
1000

response of the global structure (see Fig. 5). A flat rigid
impactor delivered impacts to the temporo-parietal region o 2 2s

of the fixed skull. The test speed is 40 mm/min. n m..

Fig. 8: Force/Displacement curve

The tested skull has a mean bone percentage value
equal to 47.8 %. It is a member of Class B. According to
the database, material characteristics of this skull are:

Fig. 5: Test configuration E at= =2792 MPa, E = 2800 M~a, E, = 1800 MPa
ando IS=18MPa.

3.2. Experimental test results

3-2.1 Anatomical study 3.3. Compressive test numerical

Measurement data representation
The compressed skull is taken from a cadaver, of a

74 years old male (weight 55 kg, height 1.67 m) Finite element meshing of the cranium was then

embalmed by Winckler method. Measurements before performed using software capable of producing a 3D
testing are: A = 169 mm, B = 180 mm, C = 152 mm. reconstruction semi-automatically and meshing the

The skull weight is 1170 g. The mean bone anatomical elements on the basis of 2D contours (MRI).
percentage value obtained after specimens mineralization In order to realize the most realistic modelling of a
is 47.8 %. cranium compression test, the real dimensions, bone

density, and average thickness of the tested cranium were
C reproduced. The density (equal to 2088 kg/m3 for the

X tested skull) and average thickness (equal to 6 mm) are as
well represented in the skull finite element one (see Fig.
9). A shell model finite elements was used.

Fig. 6: Tested skull measurements

Bone lesions analysis
Skull fractures have been noted according to X-

rays and directly observed on skull (see Fig. 7).

Fig. 7 Bone lesions observed after test Fig. 9: Tested skull numerical simulation

Zygomatic, parietal, right and left temporal bone Two finite element models have been simulated
fractures have been noted. Fractures are linked to each (see Fig. 10) : an elastic model and an elastic-plastic
other travelling toward the skull base (for the right side). model.

3.2.2. Mechanical study
Force/Displacement curve (see Fig. 8) may be

deduced from the measurements.

2q
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Transmission properties of bone conducted sound: Measurements
in cadaver heads
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and Palo Alto Veterans Affairs Health Care System, Palo Alto. California 94304
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In the past, only a few investigations have measured vibration at the cochlea with bone conduction
stimulation: dry skulls were used in those investigations. In this paper, the transmission properties
of bone conducted sound in human head are presented, measured as the three-dimensional vibration
at the cochlear promontory in six intact cadaver heads. The stimulation was provided at 27 positions
on the skull surface and two close to the cochlea; mechanical point impedance was measured at all
positions. Cochlear promontory vibration levels in the three perpendicular directions were normally
within 5 dB. With the stimulation applied on the ipsilateral side, the response decreased, and the
accumulated phase increased, with distance between the cochlea and the excitation position. No
significant changes were obtained when the excitations were on the contralateral side. In terms of
vibration level, the best stimulation position is on the mastoid close to the cochlea; the worst is at
the midline of the skull. The transcranial transmission was close to 0 dB for frequencies up to
700 Hz; above it decreased at 12 dB/decade. Wave transmission at the skull-base was found to be
nondispersive at frequencies above 2 kHz whereas it altered with frequency at the cranial vault.
@ 2005 Acoustical Society of America. [DOI: 10.1121/1.2005847]

PACS number(s): 43.64.Bt [BLM] Pages: 2373-2391

1. INTRODUCTION Khalil et al. (1979) used modal analysis to extract reso-
nance frequencies from two dry skulls. HAkansson et al.

The mechanical properties of the human skull in relation (1994) used similar techniques to extract resonance frequen-
to bone conduction (BC) stimulation have been well de- cies from living human skulls. Also, the vibration of a large
scribed in the literature. Many of these reports have focused part of the human cranial vault has been visualized with ho-
on vibrations of the relatively thin bones of the skull, while lographic interferometry (Ogura et al., 1979; Hoyer and Dir-
only a few have focused on vibration transmission in the heide, 1983; Dorheide and Hoyer, 1984). Other investiga-
skull-base where the cochleae are situated. In order to obtain tions have aimed at estimating the propagation velocity and
a better understanding of BC transmission in the human

type of wave transmission in the human skull (von B~k~sy,
skull, the vibration transmission in both the cranial vault and 1948; Zwislocki, 1953; Franke 1956; Tonndorf and Jahn,
the skull-base should be measured.

Several different aspects of skull response produced by 1981).
BC excitation have been studied. von Bksy (1932) ana- Theoretical approaches to estimate the skull response

lyzed the vibration mode of the human skull and approi- during vibration stimulation have also been used. For this,

mated it as a vibrating thin-shell sphere. The mechanical thin-shell theories of spheres with fluid loading were used to

point impedance, at the mastoid portion and the forehead, achieve analytical results, or finite element analysis was used

with and without skin, has been investigated (Corliss and to obtain the vibration pattern (Advani and Lee, 1970; Hick-

Coidan, 1955; Smith and Suggs, 1976; Flottorp and Solberg, ling and Wenner, 1973; Khalil and Hubbard, 1977;
1976; Khalil et al., 1979). The most comprehensive study of Charalambopoulos et al., 1998; Young, 2002, 2003). These
the mechanical point impedance of the human skull was analyses were intended primarily for head injury protection
made by HAkansson et al. (1986) on live human subjects and not for the transmission and hearing of BC sound.
with osseointegrated skin-penetrating titanium implants in Most of these studies focused on the mechanical prop-
the parietal bone for attaching bone-anchored hearing aids. erties and vibration transmission characteristics of the human
In another investigation, Hhkansson et al. (1996) investi- cranial vault. One study by Stenfelt et al. (2000) measured
gated the linearity of vibration transmission in the skull and skull vibration in three perpendicular directions close to the
found it linear for normal levels and frequencies used for cochlea with stimulation at the ipsilateral and contralateral
hearing by BC. mastoid as well as at the forehead. The drawback with that

study was that only one dry human skull was used. The
current study presents measurements of the cochlear prom-

a)Present address: Department of Signals and Systems, Chalmers University

of Technology, SE-412 96 Goteborg, Sweden. Electronic mail: ontory vibration in three perpendicular directions, using
stenfelr@chalmers.se stimulation at numerous positions on the skull in intact hu-
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TABLE 1. Data of the six human cadaver heads used for the measurements. TABLE II. Typical stimulation vectors at the test positions. The figure given
The circumference was measured as a line going from the center of the in the table for a particular position and direction should be multiplied by
forehead passing just above the ear canal openings, over the occiput and the input force to give the stimulation in that direction at that position.
back to the mid-forehead.

Forehead Vertex Occiput
Age Circumference Ear-ear via vertex .Mass

No. Sex (years) (cm) (cm) (kg) Position .X y z x y z x y

I NI 60-70 53 31 3.25 0 0 0.34 -0.94 0 1 0 0 0.09 I

2 NI 60-70 54 33 3.31 1 0.24 0.34 -0.91 0.45 0.89 0 0.34 0.09 0.94

3 M 60-70 56 31 3.43 2 0.58 0.42 -0.69 0.71 0.71 0 0.87 0 0.50

4 NI 60-70 57 34 3.59 3 0.85 0.17 -0.49 0.98 0.17 0 0.98 -0.14 -0.17

5 M 60-70 58 35 3.71 4 0.97 0 -0.26 0.98 -0.t7 0 0.98 -0.17 0.03

6 NI 60-70 58 36 3.78

tances, with a distance of 30 mm for the smallest head and
man heads. Furthermore, the mechanical point impedances at 36 mm for the largest head. One position, position 0, was at
the stimulation positions have been analyzed to reveal the the midline between the ears.
mechanical properties of the human head, At each position a small hole was drilled and tapped

(diameter 3 mm). A connector comprising a screw with 3-
II. MATERIAL AND METHODS mm metric threads (M3) was placed in this tapped hole. To

A. The cadaver heads further ensure a rigid bond between the connector and the
skull, a drop of cyanoacrylate glue (Garf Reef glueTM, Garf,

For the experiments, six male human cadaver heads Boise, ID, USA) was put into the threaded hole prior to
were used. The heads were severed between the third and placement of the connector. The connector had also a
fourth vertebra and frozen at the time of autopsy. Apart from threaded part to attach a mini-transducer for the vibration
being severed, no drilling or cutting of the heads was done excitation; the connector enabled rigid attachment between
during the autopsy; the soft tissues and brain were left intact, the transducer and the skull.
No history of the heads was known except that they were The vertex arc is between the ear canal openings passing
male and between 60 and 70 years old; the sizes and weights over the vertex and the forehead arc connects the ear canal
of the heads are presented in Table I. All heads were de- openings passing over the center of the forehead. Positions 4
frosted 24 h prior to the measurements. A thin probe ther- for these two arcs are 30 mm from the ear canal openings,
mometer was positioned through the foramen magnum into and the rest of the positions are between 31 and 38 mm
the center of the brain to verify that the heads were properly apart, depending on head size. For each arc, four positions
defrosted. This thermometer was thereafter removed. were at each side of the skull with one position at the mid-

Three imaginary arcs were identified on the skull. The line. The heads were excited at 27 positions in total. A
occiput arc connects the two ear canal openings over the I-cm 2 piece of skin and soft tissue was removed around each
most posterior part of the occiput (Fig. 1). On this arc, nine stimulation position to enable placement of the connector
positions were identified. Position 4, the position closest to with attached stimulation transducer.
the ear canal opening, was placed about 20 mm posterior to Three perpendicular directions were defined for the skull
the entrance to the ear canal, while position 3 was 20 mm vibration measurements. The three directions are shown in
posterior to position 4, The others were placed at equal dis- Fig. 1 (right): x direction medially (towards the midline of

the skull). y direction cranially (towards the top of the skull),
Iptilateral stimulation positions and - direction anteriorly (towards the front). It should be

noted that the x directions at the two sides of the skull are
Measurement directions directed towards each other, while the y and z directions are

the same on both sides. The stimulation was applied to the
Ipsilaateml Contralateral skull bone surface in a direction approximately perpendicular

to the skull bone surface. This means that the direction of the
x x vibration stimulation is different at each stimulation position.

Table II presents, for one head, the vector components of the
stimulation direction according to the coordinate system

(a) (b) given in Fig. 1. Although not exactly equal, the stimulation
directions at the positions were similar for all heads.

FIG. 1. (Color online) (a) Three stimulation arcs were identified on the The stimulation direction influences the response direc-
heads: forehead, vertex, and occiput. Nine stimulation positions with an
approximate spacing of 30 mm were equally spread on each line: the figure tion. For example, if the skull moves as a whole and trans-
shows the positions on the ipsilateral side. (b) The measurement directions lational vibration is the dominating mode, the response di-
of the ipsilateral and contralateral cochlcae: x direction-towards the middle rection is expected to be similar to the stimulation direction.
of the head, y direction-towards the top of the head, and the z direction- However, if the dominating mode of vibration is rotational or
towards the front of the head. The ipsilateral and contralateral x direction
points towards each other (1800 out of phase) while the two other directions some type of wave propagation, vibration responses in all
are the same for the ipsilateral and contralateral sides. spatial directions can be expected.
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One phenomenon that can contribute to the perception the vibration transducer was attached to position 1-4 on the
of BC sound is the relative motion between the middle ear occiput arc. The two measurements were within the test-
ossicles and the surrounding bone. This occurs due to the retest results found for the vibration measurements when all
inertial movement of the ossicles. Although the middle ear equipment was removed between the measurements.
ossicles move regardless of the vibration direction, the great-
est relative motion is obtained when the vibration is along D. Laser Doppler vibrometer measurements
the low-frequency in-and-out motion direction of the stapes The triaxial accelerometer was glued to one cochlear
(Stenfelt et al., 2002). According to the coordinate system romonto in each of the six heads; on the riht side in
given in Fig. 1, the low-frequency in-and-out motion of the three and on the left side in three. On the cochlear promon-
stapes is in the x-z plane, 300 from the x axis and 600 from opposite to the side where the accelerometer was at-

tecai.tory opst otesd hr h ceeoee a t
the Z axis. tached, the vibratory response was measured by a laser Dop-

pler vibrometer (LDV)(HLV-1000, Polytec, Waldbronn,
B. Mechanical impedance measurements Germany). The auricle was removed on this side as well; no

Measurements of the mechanical point impedancel were drilling of the ear canal was required and the ear canal was

conducted at each stimulation position. The force and accel- left intact. The ear drum was removed together with the

eration at the attachment point was obtained by a B&K type malleus and incus. This enabled the laser-beam to reach the

8001 impedance head (Bruiel and Kjar, Nierum, Denmark). cochlear promontory. A good reflection of the laser beam was
The impedance head was rigidly attached to the connector at achieved by a glass bead approximately 5 Ftm in diameter

the stimulation positions. The cadaver heads were oriented positioned on the cochlear promontory. Such LDV measure-

so the impedance head was aligned vertically for each mena- ments of BC vibrations have previously been demonstrated

surement. This was done to avoid excessive shear and bend- reliable (Stenfelt et al., 2002).
ing forces on the force gauge in the impedance head, and The laser head was mounted on an operating microscope
also to ensure translational stimulation of the impedance with a joystick to control the laser beam. During the mea-

head and connector. The cadaver heads were, for the imped- surement, the laser beam was oriented to align with the x

ance measurements as well as all other measurements, placed direction. Since the stimulation positions were symmetrically
on a pillow to vibrationally decouple the heads from the spread over the skull, the ipsilateral stimulation positions for
measurement table. the accelerometer measurements served as contralateral po-

The outputs from the acceleration and force gauges were sitions for the LDV measurements and vice versa. Conse-
supplied to two charge amplifiers (B&K type 2635) and then quently, the accelerometer and LDV measurements are only
to the inputs of the measurement system. The PC based soft- expected to be similar, not exactly equal. Also, the LDV
ware SYSid 6.5 (www.sysid-labs.com), together with a measures in one direction (x direction), whereas three per-
DSP-16+ signal processing card, formed a two-input-channel pendicular directions were obtained with the triaxial acceler-
measurement system that also provided the stimulation sig- ometer.
nal. The stimulation signal was fed through a power ampli-
fier (D-75, Crown, Elkhart, IN, USA) to a miniaturized bone- E. Stimulation close to the cochlea

transducer, termed the mini-transducer. This transducer has a After the previously mentioned measurements were fin-
screw attachment that could connect to either the impedance ished, the mastoid portion of the temporal bone was drilled
head or to the screw connectors in the skull. The SYSid open down to the semicircular canals. A connector screw was
measurement system, together with the power amplifier and attached at the point where the three semicircular canals
mini-transducer, was used for all measurements conducted in come close together. This was done bilaterally, and then the
this investigation same measurements repeated with the mini-transducer at-

tached close to the cochlea. The reasons for the measurement
C. Accelerometer measurements with the stimulation close to the cochlea are twofold. First,

The vibratory response during excitation was measured the stimulation and response are both in the petrous part of
the temporal bone that encapsulates the cochlea. Some of theas the acceleration of the cochlear promontory in three per- e nmon pope th is ee norma mskedtby

pendicular directions. In order to measure the vibration re- transmission properties in this bone are normally masked by
pendculr diectons In rde tomeasre he ibraionre- the skull structure response when the stimulation is applied

sponses in these three directions, a triaxial accelerometer was
used (Endevco model 7253C-10, Endevco, San Juan Capist- at the skull surface. Such transmission properties can be re-

ranio, CA, USA). This accelerometer has a size of 15 X 15 vealed using this approach. Second, any improvement in the

X 7 mm3 and weighs 3.6 g. The triaxial accelerometer was cochlear promontory vibration level with a source close to

attached to the cochlear promontory by cyanoacrylate glue the cochlea can be quantified.
(Garf Reef glueTM, Garf. Boise, ID, USA). To enable posi-
tioning of the accelerometer on the cochlear promontory, the
auricle was removed and the bony ear canal widened using a The mini-transducer used was similar to the transducers
drill. To verify that the widening of the ear canal did not used in the bone-anchored hearing aid (BAHA®, Tjellstrdm
affect the vibratory response of the skull, the vibration of the et al., 2001). It was the same transducer as the one used in
cochlear promontory was measured by a laser Doppler vibro- the study of vibration transmission in a dry human cadaver
meter before and after the drilling. For these measurements, skull (Stenfelt et al., 2000). The calibration of the mini-
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transducer was done on a Skull-Simulator TU-1000 (H~ikans- mans for levels corresponding to 77 dB HL. They reported.
son and Carlsson, 1989). This calibration produces the dy- for those levels, the BC sound transmission to be predomi-
namic output force from the transducer for a specific input nantly linear. In this investigation, the linearity of BC vibra-
voltage. The B&K impedance head used for the mechanical tion transmission in the skull was not analyzed per se. How-
impedance measurements was calibrated by two measure- ever, the second and third harmonics were studied at each
ments. First, a mass of 50.00 g was attached to the imped- measurement to verify that all equipment functioned prop-
ance head and the sensitivity of the impedance head was erly. The levels of these harmonics were similar to those
determined (force/acceleration). Then, a measurement was generated when calibrating the mini-transducer on the skull
made with the connector unit attached to the impedance simulator. Hence, the harmonics in the measurements in this
head. This measurement was later used for cancellation of study were chiefly caused by the stimulus generating elec-
the mass below the force gauge and connector unit in the tronics and the mini-transducer, and not by the vibration
impedance data. During the calibration measurements, the transmission through the skull bone. Consequently. any dis-
impedance head was driven by a B&K type 4810 mini- tortion that might be generated in the skull bone was mini-
shaker. mal during these tests where the BC stimulation corre-

The low-pass and high-pass filters incorporated in the sponded to levels of 80 to 100 dB HL.
LDV were used; the low-pass filter cutoff frequency was set
at 15 kHz and the high-pass filter was set at 100 Hz. The ill. RESULTS
response of the LDV with these settings was calibrated using
an accelerometer (B&K type 4371). According to the manu- A. The mechanical point impedance
facturer, this accelerometer has a maximum level deviation The mechanical point impedance was measured at 27
of 0.2 dB and a maximum phase deviation of 50. The accel- positions on each of the six heads. We considered the heads
erometer was mounted on the B&K 4810 mini-shaker and to be symmetric about the sagittal plane and pooled measure-
the laser beam aimed perpendicular to the accelerometer sur- ments from the right and left side of the skulls. This pooling
face. With this setup, the amplitude and phase of the LDV produced 12 separate measurements (from the two sides of
were calibrated for the frequencies 0.1 to 10 kHz. the six heads) to describe the response at each of four posi-

The Endevco model 7253C-10 triaxial accelerometer tions (1-4) along the three stimulation arcs (forehead, vertex,
was calibrated using the LDV. The triaxial accelerometer was and occiput). However, at each of the 0 positions (which are
mounted with beeswax on a circular adapter attached to the on the sagittal plane). there was only one measurement made
B&K 4810 mini-shaker with the laser beam aimed perpen- in each skull (for a total of six).
dicular to the accelerometer surface. With this setup, the ac- The results, as magnitude and phase, of the individual
celerometer response in the three directions was compared measurements as well as the mean for all positions, are pre-
with the calibrated LDV response for frequencies between sented in Fig. 2. Similar trends in the impedance data are
0.1 and 10 kHz. Within this frequency range, the maximum seen for the individual data at all positions. At the lowest
level and phase deviation between any direction of the accel- frequencies, below 150-400 Hz, the impedance increases
erometer and the LDV were 0.2 dB and 30, respectively. with frequency indicating a mass-controlled system. This is
Since this was within the uncertainty limits for the LDV also indicated by a positive phase. At these low frequencies,
calibration, the sensitivity data given by the manufacturer the head moves as a whole which is reflected in the imped-
were used for the triaxial accelerometer. ance data.

The rigidity of the glue bond between the cochlear Depending on position, the maximum magnitude of the
promontory and the triaxial accelerometer was also verified. mechanical impedance is between 150 and 400 Hz. At the
The laser beam was aimed at the cochlear promontory close maximum magnitude frequency, the corresponding phase is
to the accelerometer and the vibration response in the x di- close to 00 and this frequency is defined as the resonance
rection measured with both the LDV and accelerometer frequency for the mechanical impedance. Above the reso-
when the mini-transducer was attached to position occiput nance frequency, the magnitude of the mechanical point im-
arc 1-4. With this setup and for frequencies between 0.1 and pedance falls with frequency and the accompanying phase
10 kHz, the maximum level and phase deviation in any of drops to approximately -80', suggesting a stiffness con-
the six cadaver heads between the LDV and accelerometer trolled system. At higher frequencies, the phase increases
measurements were 2.1 dB and 170, respectively. However, slightly and the average phase of the impedances is between
these maximum deviations occurred when the skull showed _60' and -200 at 10 kHz. At around 3 kHz, the impedance
resonances or antiresonances and were of narrow frequency becomes influenced by the losses in the system. This is seen
bandwidth. Discounting these larger deviations of narrow in the phase as well as in the magnitude data that starts to
bandwidth, the differences in level and phase between the flatten out above that frequency.
LDV and accelerometer were bounded by 0.6 dB and 70, Two general trends can be seen when comparing the
respectively. impedance data between the positions. First, slightly greater

levels of the mechanical point impedances are found at the

G. Distortion positions on the occiput arc compared with the other two
stimulation arcs. Second, greater impedance magnitudes and

In an investigation by HAkansson et al. (1996), the lin- higher resonance frequencies are found when moving from
earity of bone-conducted sound was investigated in live hu- the ear canal (position 4) to the mid-sagittal plane (position
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Mechanical point impedance

Pos 4 Pos 3 Pos 2 Pos I Pos 0

-so FIG. 2. The mechanical point imped-
ance as magnitude and phase for the
positions 0-4 at the three stimulation

o W arcs, forehead, vertex, and occiput.
Since the measurement positions are

to, symmetrically spread. the impedance
results are pooled to (he positions 0-4

so regardless of head-side (12 measure-
ments at position 1-4 and 6 measure-

I oments at position 0). The individual re-
-40 sults are displayed as thin lines and the
-o _~average as a thick line.

0.1 03 061I 3 6 03 0.6? 3 6 03 0.61 3 6 03 0.6) 3 6 03 061 3 6 10

Frequency (kHz)

0). We would like to present two possible explanations for the bone close to the ear (positions 3 and 4) is more flexible
the observed results based on (1) geometrical differences and than the bone close to the sagittal plane (positions 0 and 1),
(2) bone thickness and density differences. so the impedance and resonance frequency should be el-

The measured point impedance reflects the motion per- evated closer to the sagittal plane than close to the ear, as
pendicular to the skull surface at that specific position. How- shown in Fig. 2. However, the thickness of the skull bone is
ever, this motion is a combination of whole head transla- not constant. In general. slightly thicker skull bone is found
tional and rotational motions as well as local deformation around the sagittal plane of the head than at the sides. Such
motion of the skull bone. With this in mind, the explanation thickness distribution would also produce the result seen in
for the first observation can be that the occiput arc is closer Fig. 2. Since these two phenomena produce similar results, it
to the skull-base and has a smaller curvature radius than the is difficult to conclude if one is dominating.
vertex and forehead arcs. This would give slightly greater
stiffness of the bone and corresponding greater impedance B ceeac ftecclai igeha
magnitude and higher resonance frequency. Another explana-
tion for the first observation can be that the skull bone is With the triaxial accelerometer on the cochlear promon-
thicker along the occiput arc than at the other two arcs. A tory, the response acceleration was measured in three perpen-
thicker skull bone would result in a higher stiffness and cor- dicular directions (. y, and z direction) for 27 stimulation
responding higher impedance magnitude and resonance fre- positions. The acclerances (acceleration divided by force)
quency. from these measurements in one head, as level and phase, are

The second observation can be explained similarly. The presented in Fig. 3. The results are grouped for each stimu-
skull is not symmetrical as a sphere but more like an ellip- lation position; the responses in the x direction are shown
soid with flat sides. Such geometry produces greater stiffness with a solid line, in the y direction with a dashed line, and in
at positions with a smaller curvature radius and smaller flat the z direction with a dotted line. The panels labeled I-1 to
sections (as at the sagittal plane) than at positions in the [-4 are the results obtained with the stimulation applied at
middle of a larger flat section. The sides of the head, where positions 1-4 at the ipsilateral side. Panels labeled C-I to
the ears are situated, form a relatively large flat section in- C-4 are the vibration responses at the cochlear promontory
cluding the temporal part of the parietal bone. Consequently, with the stimulation at the positions 1-4 on the contralateral ~ i
J1. Acoust. Soc. Am., Vol. 118, No. 4, October 2005 S. Stenfelt and R. L. Goode: Transmission of bane conducted sound 2377

Pace 120 of 318

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Accelerance of the cochlea in a single head
Level (dB re Irn/Ns2) Phase (cycles)

Forehead Vertex Occiput Forehead Vertex Occlout

1-4

FIG. 3. The accelerance (acceleraion/
force) as level (re: I m/Ns) and

1-2 2phase (eycles) measured on the co-
3 chlcar promontory for all three mea-

surement directions (.,',:) and all
4o a stimulation positions (27) in one indi-
20 vidual head. The stimulation was up-

o -3. plied by a mini-transducer rigidly at.
ached to the skull-bone surface. With

40 the stimulation applied on the ipsilat-
eral side, the results are displayed as
1-1 to 1-4, with the stimulation at the12 mid-sagictal plane as 0, and with the
stimulation positions on the contralat-

40 0 eral side as C- I to C-4. The results are
C-1 21 -2divided into the stimulation arcs. fore-

-3 head, vertex, and occiput. and the di-
....... _rections are separated by the patterns:

4 .r direction-solid line, v direction-
dashed line, and : direction-dotted

3line.

C-4-

40-

010.3 1 3 6 0.3 1 36 0.3 13 610 010.3 1368 0.3 13 5 0.3 1 3 610

Freuccy (kHz) Frequency (kHz)
C-d --- y-dir --- -r

side; the panels labeled 0 are the results with the stimulation skull, the accelerance increases with frequency. The differ-
applied on the mid-sagittal plane of the skull. ences between the response directions depend on stimulation

The level responses should be interpreted as the position. With the stimulation at positions 1-4, the response
acceleration level in m/s 2 in the three directions, when vibration at the cochlear promontory is greatest in the x di-
the excitation is a vibration of I N at the stimulation rection. Also, the overall accelerance is greatest at positions
position. The accumulation of phase is indicative of the 1-4. In general, for stimulation on the ipsilateral side, the
time delay, due to vibratory wave transmission in the response level decreases and accumulated phase increases
skull bone between the stimulation position and the with distance between the stimulation position and the co-
cochlear promontory. At low frequencies. approximately be- chlear promontory. When the stimulation is applied on the
low 500 Hz, the responses are similar for all stimulation po- contralateral side, no systematic differences between the po-
sitions: around 0 dB re: I m/Ns2 and a flat phase close to 0 sitions C-I and C-4 can be identified; the responses are simi-
or ±0.5 cycles. At theses low frequencies, the skull moves as lar in both level and phase. Except for the stimulation posi-
a whole (rigid body motion) and the responses are deter- tions closest to the cochlea (1-4), no overall dominating
mined by translational and rotational inertia. Since the appli- response direction is seen; the response is in all three direc-
cation of the vibration transducer is approximately perpen- tions whether the stimulation is applied at the ipsilateral or
dicular to the skull surface, the stimulation direction differs contralateral side.
between the positions (cf. Table H). The low-frequency re- The number of antiresonances2 in the accelerance func-
sponse is a function of the relative excitation in the three tions in Fig. 3 increases with distance from the cochlea. Most
stimulation vectors and the six degrees of freedom rotational antiresonances are found when stimulation is on the con-
and translational responses. tralateral side close to the sagittal plane (positions 0 to C-2).

Above the frequency area of rigid body motion of the A general observation is that these antiresonances do not as5
2378 J. Acoust. Sec. Am., Vol. 118, No. 4, October 2005 S. Stenfelt and R. L. Goode: Transmission of bone conducted sound
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Accelerance of the cochlea, average from six skulls
Level (dB re Im/Ns2) Phase (cycles)

Forehead Vertex Occiput Forehead Vertex Occtat

3-3

I-22

30 0 FIG. 4. The average of the accelerance
-10as level and phase from the six heads.

-10 -2The resulks are averaged for each di-
133rection (x. y. and z) and each stimula-

30 0 ton position (27). The data have been

30 solid line, in the y direction with a

C" dashed line eand in the:- direction with

C-33

30.

C-

0.1 0.3 1 3 6 0.3 1 3 6 0.3 1 3 610 0.1 0.3 13 6 0.3 13 6 0.3 1 3 610
etquency (k~z) Frequency (k~z)

xdir ------ iry-dir .--- z-dir

occur in all three directions at the same frequency. The anti- similar to Fig. 3: the difference is that Fig. 4 presents the
resonances can be easily seen in the level response whereas average results from all six heads used in this investigation.
the resonances are difficult to identify by examining the level 'When the stimulation is applied in the x direction close to the
and phase data in Fig. 3; this indicates that they are highly cochlea, that direction produces the greatest responses. V/hen
damped and do not significantly infuence the measured re- the stimulation is further away from the cochlea, no domi-
sponse levels. nating response direction is found; the response levels are

A phenomenon that may contribute to the vibration re- similar in all three directions. At the low frequencies, below
sponse is intracranial standing waves. With a wave speed of approximately 500 Hz, the accelerance level is close to 0 dB
approximately 1500 m/s, such intracranial standing waves re: 1 m/Ns2 and the phase is fiat, indicating rigid body mo-
would produce an antiresonance near 4 kHz and a resonance tion. At higher frequencies, the accelerance level increases
near 8 kHz that would appear in the contralateral responses. admr hs sacmltd lo oepaei cu
Since it is almost impossible to distinguish between reso- mltdwt itnebtentesiuainpsto n

nancs ad atirsonnce cased y itraranal taning the cochlear promontory, indicating longer time delay for the
waves and wave transmission in the cranial vault, the results wave transmission in the skull bone. With the stimulation at
obtained can neither verify nor refute the existence of intrac- teislnrlsdteaclrnelvla rqece bv

d500 Hz decreases with distance between stimulation position

and the cochlear promontory. When the stimulation is at the
C. Aerae aceleanc ofthecochea romsixcontralateral side, no significant difference in the accelerance

hed 101levels is found.

Figure 4 presents the results of the accelerance measure- One way to compare the vibration at the cochlear prom-
ments from the 27 stimulation positions in three directions ontory for different stimulation positions is to calculate a

-2-
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Calculated total accelerance (a0 ,) level
FIG. 5. The average of the total ac-

Forehead Vertex Occiput celerance (a,,) level calculated as the
--quadratic summation of the acceler-

30 1-3 1-2 ances in the three directions fron each

20 . 1-3 - ' stimulation position. The results are
0 1displayed for the stimulation arcs

10 2(2 (forehead. vertex. and occiput) and for
the stimulation side of the skull (ipsi-
lateral and contralateral). The acceler-

10 ance levels with stimulation at the ip-
silateral side are displayed as position

C 1-4--solid line, position 1-3--dotted
30 C-3 Cline, position 1-2-dashed line, position

I-i--dashed-dotted line. and position
s 0 (mid-sagittal plane)-long dashed

10 1 C-2 line. Similarly, the results with con-
SC 0 -1 traateral stimulation are position

U C-4-solid line, position C-3--dotted
-10 line, position C-2-dashed line, and

' * ' * * 'position C-Il-ashed-dotted line.
0.1 0.3 0.6 1 3 6 0.3 0.6 1 3 6 0.3 0.6 1 3 6 10

Frequency (kHz) Frequency (kHz) Frequency (kHz)

single vibration response for each frequency. The total ac- pected to be exactly equal, only similar. The level correspon-
celerance can be computed as a sum of the three orthogonal dence of the accelerance measurement with the LDV and the
accelerance components (quadratic summation). This can be accelerometer is in general better than 2 dB; however, some
seen as a measure of the vibratory energy. The summation is exceptions with up to 5-dB differences at limited frequency

2 Iareas exist. The phase difference of the accelerance between
tot aa, + a .va y + azI) the two measurement methods increases with frequency and

where ao, is the calculated accelerance and a,. ay, and a are, for most measurements, between 0.1 and 0.5 cycles at
are the accelerances in the x, y, and z directions. respec- 10 kHz. The exception is for stimulation at position C-4 in
tively. The * in Eq. (1) indicates the complex conjugate. the vertex arc where the phases differ by more than
The total accelerance a,, according to Eq. (1) is presented 1.5 cycles at the highest frequencies. Although the phases
in Fig. 5. The acclerances with ipsilateral stimulation are differ greatly at some positions, the results obtained with the
presented in one panel for each stimulation arc, and the LDV correspond fairly well with the x direction results ob-
results with contralateral stimulation in one panel for each tained with the accelerometer. Unless otherwise stated, the
stimulation are (forehead, vertex, and occiput). The results vibration results of the cochlear promontory presented here-
in Fig. 5 are the averages from all six heads investigated; after are from data obtained with the accelerometer.
they include the results already found in the single and
averaged accelerances (Figs. 3 and 4). At low frequencies, E. Relative sensitivity, ipsilateral stimulation
approximately below 500 Hz, no significant difference in From Figs. 3-6 it is clear that the greatest vibration of
accelerance is found between stimulation at the different the cochlear promontory is obtained when the stimulation is
positions, whether ipsilateral or contralateral. Above closest to the cochlea, i.e., when the stimulation is at posi-500 Hz and with ipsilateral stimulation, the accelerance tions 1-4. To compare the efficiency of vibration transmis-
level is greatest when the stimulation is closest (position sion, in terms of vibration level, from the ipsilateral positions1-4) and worse when it is at the mid-sagittal plane (posi- p pto the cochlear promontory, the relative accelerance was
tion 0). gradually decreasing from position 4 to position 0. computed (Fig. 7). All measurements presented in Fig. 7 are
With the stimulation at the contralateral side, the acceler- compared with position occiput arc 1-4 (reference position).
ances are similar. No significant difference can be seen The comparisons are conducted for vibration measurements
between the three measurement arcs, forehead, vertex, and in the x direction and the total vibration response (ato1) ac-
occiput, cording to Eq. (1). In the x direction, relative levels and

phases are presented, whereas only the relative levels are
D. Laser Doppler measurementsprsnefottaacerne(a 0 )presented for total accelerance (aj .

Accelerances measured with the LDV are presented in The general finding of the comparison is that the closer
Fig. 6 as level and phase averaged from the six heads. The to the cochlea the stimulation position is, the greater the
LDV only measures the vibration in one direction, here the x stimulation level and the less phase accumulates (less time
direction, and the results in Fig. 6 are compared with the delay). The relative total accelerance levels are similar, and
results in the x direction in Fig. 4. However, the stimulation the x direction phase differences are close to 0 cycles at fre-
positions used for the ipsilateral results with the LDV are the quencies below 500 Hz. This is where the heads move as a
same stimulation position used for the contralateral results whole and the relative a,, results are expected to be similar.
with the triaxial accelerometer and vice versa. The results However, some differences can occur due to imperfect align-
using the two measurement techniques are therefore not ex- ment of the stimulation axis and the heads center of gravity;
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Laser Doppler vibrometer accelerance
Forehead Vertex Occiput

30 . 3 1-4

204/-3-2 .

1-1 , - -2 ̂
- 10

Q/+- 0.. .... ... FIG. 6. The accelerance in the., direc-
-4 -4--3 tion as level and phase measured with

0 the laser Doppler vibrometer aimed a

.;.r the cochlear promonmorv. The acceler-
-- 3 ances displayed are (he-average of the

2 4 resull from the six heads. The results
with ipsilateral stimulation are dis-

-2 1-3played as position 1-4-solid line, po-

-3 sition 1-3-dotted line, position 1-2-
dashed line, position 1-I--dashed-
dotted line, and position 0 (mid-

30 C- C-4sagiltal plane)-long dashed line.

4.4r Similarly, the results with contralateral
C-stimulation ar position C-4--solid

line, position C-3-doued line, post-
(~- '.-2 O't~C ion C-2-dashed line, and position

-10 C1 *-4 -1 C-1-dashed-dotted line.

C-1 C3C-4
0-

-1C-4 C--C

-2C-3 '\ C-
--2- \ -
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this could give slightly different translational and rotational lyzed according to the total transmission (auo). In terms of
skull motions. The relative levels of the x direction differ transmission efficiency, the worst position to place a BC
considerably with stimulation position at low frequencies. transducer is on the mid-sagittal plane. For frequencies
This is caused by the stimulation direction: at positions close above I kHz, the difference in vibration transmission be-
to the cochlea (positions 3 and 4) the stimulation direction is tween positions 1-4 and the position 0 is 10 to 20 dB for the
almost solely in the x direction while, at positions further total accelerance transmission and 15 to 25 dB when the
from the cochlea (positions 0-2), it gradually aligns in the measurements are in the x direction.
y-z plane (cf. Table 11).

According to the aa, panels in Fig. 7, the transmission .
loss increases by approximately I to 3 dB for each position
further away from the cochlea at frequencies above 1.0 kHz. The term transcranial attenuation is often used as a mea-
Positions 1-4 at the vertex and forehead stimulation arcs sure for the difference in vibration level between the ipsilat-
show greater cochlear vibration response compared with po- eral and the contralateral side of a human head. Here, we use
sition 1-4 at the occiput are: position 1-4 at the vertex arc the term transcranial transmission defined as the vibration at
produces 3 to 7 dB greater vibration response for frequen- the contralateral cochlear promontory relative to the vibra-
cies between 0.5 and 7.0 kHz, and position 1-4 at the fore- tion at the ipsilateral cochlear promontory for a specific
head arc produces 5 to 10 dB greater response between 0.7 stimulation position. With this definition, the transcrariial
and 7.0 kHz. The results measured in the x direction are transmission is theoretically I for any stimulation applied on
similar to the total accelerance results for all three stimula- the sagittal plane (same vibration response at both cochleae).
tion arcs with stimulation at positions 3 and 4. At these po- The transcranial transmissions for stimulation positions 1-4
sitions, vibration in the x direction dominates the vibration at all three stimulation arcs are presented in Fig. 8. Similar to
response and, consequently, the total x direction accelerance the presentation in Fig. 7, the analysis is conducted for mea-
responses are similar. For the other positions, stimulation in surements in the x direction (level and phase) and for the
the x direction shows generally worse transmission relative total vibration response (ator) according to Eq. (1).
to position occiput arc 1-4 than when the response is ana- Several general trends are found in the data displayed in
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Relative vibration sensitivity

Forehead Vertex Occiput

S-5 t1- "FIG. 7. The relative vibration of the
U -10 k cochlear promontory presented for the

o15 0 -1x direction as level and phase, and as
0 the level for the total accelerance

analysis (all directions quadratically

5 summed. ate). The stimulation is at the
ipsilateral side. All results are relative

S3 1-3 to the result from occiput arc 1.4 and

-f5 averaged for the six heads. The rela-
tive cochlear promontory vibration is

- \ -2 1. displayed as position 1-4-solid line.
-15 0eV'o position [-3-dotted line, position

--1 0 1-2-dashed line, position I-1-
4) dashed-dotted line, and position 0

1-3 1(mid-sagittal plane)-long dashed
0. line.

-2 -20

-3 1 1

0.1 0.3 0.6 1 3 6 0.3 0.6 1 3 6 0.3 0.6 1 3 6 10
Frequency(kHz) Frequency (kz) Frequency (kHz)

Fig. 9. At the low frequencies, below 500 Hz, where the 0 dB at the occiput and forehead stimulation arcs; at the
skulls move primarily as a whole, 2 to 3 dB greater air, re- vertex arc the transcranial transmission is approximately
sponses are found at the contralateral cochlear promontory 5 dB at these low frequencies. For frequencies above I kHz,
compared with the ipsilateral cochlear promontory. For the x the transcranial transmission for positions 1-3 show similar
direction response, the transcranial transmission is close to level responses (both ao, and x direction results): the levels

Transcranial transmission
Forehead Vertex Occiput

5 1 2

> - --- y.. IF 1 1FIG. 8. The transcranial transmission
3 fit, . .is calculated as the acceleration re-

4t 4sponse at the contralateral cochlear
-15 4 promontory divided by the accelera-

tion response at the ipsilateral cochlea
promontory for the same stimulation

3 2 3 1and position. The results are presented
5 ^1 2 as the total accelerance level (qua-
0 4.. 1. 1 1 .. ; , 1\' )t ' ~ 2 a dratic summation of all three direc-
-5 L .- 6', tions). and level and phase for the .x

I (r 4 A. 4  1 direction. The presented transcranial
c ~-10 ?t transmission is averaged over the six

..15 .4 4 heads. The results are displayed for the
M .2 *positions at each stimulation arc: posi-

ve- : 4... 2 tion 4-solid line, position 3-dotted
.line, position 2-dashed line, and po-

sition 1-dashed dotted line.

-0.4 2

3 3 ",3
-0.8 44 4
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Group delay quency are irregular. The transcranial transmission at all po-

Forehead Vertex Occiput sitions 4 at frequencies above 3 kHz stays between -10 and
-20 dB. with slightly greater interaural differences for the x
direction measurements than for the an, analysis.

I-4 ' In the x direction, the relative phases in Fig. 8 show
2- ." similar results at all three measurement arcs. At frequencies

a , -_ below I kHz. the relative phases for all stimulation positions
on are flat and. above I kHz, the relative phases fall off. The
o4\ relative phase difference between the cochlear promontories

1- _i is greatest when the stimulation is close to the ipsilateral
cochlea. In Fig. 4. the accelerance phases with contralateral
stimulation show similar results regardless of stimulation po-

: \sition, whereas the phases differ between the responses of the
I-2 , ipsilateral stimulation positions. As a result, the relative

phase differences at high frequencies in the x direction tran-
scranial transmission presented in Fig. 8 are mainly due to
the accumulated phase in the ipsilateral transmission path.
This can also be observed when comparing the relative

-06K , 7'phases presented in Figs. 7 and 8; although not exactly equal,
a the relative phases show similar results. It should be noted

that the positions are switched; position 1 in Fig. 7 should be
compared with position 4 in Fig. 8, position 2 in Fig. 7 with

0 ^,position 3 in Fig. 8, etc.

G. Wave velocity and time delay

The time delay from stimulation at the skull surface to a
vibration of the cochlear promontory can be calculated from

a Ithe phase of the frequency response function. For that analy-
sis, the acceleration at the skull surface to the acceleration of

C-,r 2, the cochlear promontory (acceleration transfer function) was
C-2calculated. This was achieved by using the accelerance func-

tion together with the mechanical impedance function mea-
sured at the stimulation positions. Using the acceleration

CA transfer function, the group time delay 7T g was calculated
C-3 o from the phase according to

I d/(f)
Tgd 2 7  dff

j. ' g"where 0(f) is the phase of the acceleration transfer function
2 '-in radians per second and f is the frequency in Hz. The
a y & N results from the group delay calculation at each stimulation

user ,klil ' 7 or~~ 7 atOr 'm.u'a position are averaged for the six heads and presented in Fig.
xdirclon ------ ydfratin 9 for the frequencies 0.5 to 10 kHz. In this frequency

range. the group delay varies with frequency. For some of
FIG. 9. The group delay calculated from the acceleration on the skull sur- the measurements, and at some frequencies. predomi-
face to the acceleration on the cochlear promontory. The delays are the
average of the result from the six heads. The results are displayed for all nately the lower, the delay is negative. A negative time
positions at each stimulation arc and in the three measurement directions: x delay indicates a noncausal system which is unphysical.
direction-solid line, Y direction--dashed line. and Z direction-doned line. However, a negative group delay does not necessarily in-

dicate a noncausal system; numerous causal systems with
negative group delays exist (Mitchell and Chiao, 1998). It

decrease and become -5 to -10 dB around 5 kHz. At the is only if the frequency response function has a relatively
highest frequencies investigated, above 6 kHz, the transcra- constant group delay over a frequency region that a signal
nial transmission increases slightly and generally becomes with a bandwidth corresponding to that frequency range is
0 to -5 dB. delayed according to the group delay. If this prerequisite

When the stimulation is closer to the cochlea, at position is not fulfilled, the delay of a signal is not easily related to
4, greater interaural differences are obtained. At frequencies the group delay. The group delays in Fig. 9 vary with
above 500 Hz, the transcranial transmission decreases with frequency. and no simple time delay for the acceleration
frequency up to around 3 kHz, where the changes with fre- transmission in the skulls can be extracted. However, if
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Acceleration transmission
Forehead Vertex Occiput

FIG. 10. The phases of acceleration at
-- 3 -..- 3 the skull bone surface to the accelera-

3 -2 .3 tion at the ipsilateral and contralateral
1-2 cochlear promontories are displayed

~3 -21- y with a linear frequency scale
(0.5-10 kHz). The calculated phase

A4 velocities for the ipsilateral stimula-
tion positions are also displayed. All

data are from measurements in the x
direction and averaged for all six
heads. The phase velocity for position

-2 1-4 is calculated using the phase differ-
ence between the acceleration at the

o 3 . cochlear promontory and position 1-4,
C ~ whereas the phase velocities at posi-

A4 tions 1-3 to 0 are calculated using the
. . . . . . . _phase differences between the acceler-

1- ances at position 1-4 and position 1-3
400 to 0, respectively. Consequently, the

phase velocity of position 1-4 is an es-

300 -- I fimate of the wave speed in the skull-
> .base whereas the others are estimates

0 . of the wave speed in the cranial bone.

0.52 4 6 8 2 4 6 8 2 4 6 8 10
Frequency (kHz) Frequency (kHz) Frequency (kHz)

the analysis is limited to frequencies between I and frequency. and d is the distance between position 1-4 and the
10 kHz, some general trends can be found. cochlear promontory. Position 1-4 is on. or very close to, the

The overall result in Fig. 9 shows that on the ipsilateral petrous part of the temporal bone in the skull-base; the ve-
side, the group delay increases with distance from the stimu- locity estimate for position 1-4 is for the wave propagation in
lation position to the cochlea. Close to the cochlea (position that bone. The other positions are on the cranial bone surface
1-4), the group delay is approximately between 0 and 0.2 ms where the bone thickness is thinner. Therefore, if the phase
while it is closer to 0.4 ms when the stimulation is at the velocity is calculated similar to what was done for position
sagittal plane (typically between 0.2 and 0.6 ms). When the 1-4. the phase velocity is a mixture of the phase velocities in
stimulation is on the contralateral side, the group delay stays the thin cranial bone and the dense petrous bone. In order to
primarily between 0.2 and 0.6 ms. Since the time delay is not separate between the phase velocity in the cranial bone and
constant but varies irregularly with frequency, dispersion of the petrous bone, position 1-4 represents the phase velocity in
BC sound can be expected. the petrous bone and the positions 0 to 1-3 are computed to

Another analysis of wave transmission and wave veloc- produce an estimate of the phase velocity of the wave propa-
ity of BC sound in the human head is presented in Fig. 10. gation in the cranial bone. This is achieved by calculating the
Here, the average of phases and phase velocities of the ac- phase difference of the accelerance function between posi-
celeration transmission are presented for the stimulation po- tion 0 to 1-3 and position 1-4. This phase difference (in radi-
sitions. The data are displayed using a linear frequency scale ans) and the distance between the position and position 1-4
between 0.5 and 10 kHz. The panels are divided into ipsilat- forms the 01(f) and d used in Eq. (3) to calculate the phase
eral phase, contralateral phase, and ipsilateral phase velocity velocity. Accordingly, the phase velocities in Fig. 10 are
When examining the phase data, the ipsilateral phases seem estimated for sound transmission in the petrous bone (posi-
to decrease fairly linearly with frequency indicating a con- tion 1-4) that represents the thicker skull-base and the thinner
stant phase velocity. The phases from the four contralateral cranial bone (position 0 to 1-3), separately. No estimate of
stimulation positions show similar phases. This means that the phase velocity is done for stimulation on the contralateral
the time delays from the contralateral positions are similar. side. This is primarily due to the problem of estimating the

The phase velocities for the ipsilateral stimulation posi- correct wave transmission distance between the cohtralateral
tions are calculated and presented in the panels at the bottom positions and the ipsilateral cochlear promontory.
of Fig. 10. The phase velocity with stimulation at position 1-4 The rapid increase in phase velocity at frequencies be-
is calculated according to tween 0.5 and 2 kHz seen in Fig. 10 is caused by the transi-

21rfd tion from the low-frequency mass-spring system of the skull
VP - .(3) to wave transmission motion of the skull at the higher fre-

'kd~f) quencies. At the low frequencies, where the skull motion is
where Od(f) is the phase difference of the acceleration be- dominated by the distributed mass and compliance, phase
tween position 1-4 and the cochlear promontory, f is the velocity and wave velocity have no meaning. The phase ve-
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Stimulation close to the cochlea
\C..R

1psilateral Contralateral V0  , M,V ,

F v

FIG. 12. A cross sectional view of the skull (left) and a corresponding
lumped parameter impedance model of the vibration (right). The model is
appropriate for the dynamic behavior of the skull at frequencies below the
first skull resonance (approximately I kHz). The input force at the stimula-
[ion position is F. while V, and V, are the velocities at the ipsilateral and

1 .contralateral cochlea, respectively. The elements used in the model are
- x direction masses (M), compliances (C), and dissipative elements (R).

-2 - y direction

z direction
-3 tion is greater compared with stimulation at the skull surface

0.1 0.3 0.6 1 3 6 0.3 0.6 1 3 6 10 at positions C-4; -at frequencies above I kHz, stimulation
Frequency (kbtz) Frequency (kHz) close to the cochlea gives about 5 dB greater levels.

FIG. 11. Accelerances as level and phase measured in the three directions at
the cochlear promontory when the stimulation is at the solid angle (intersec- I. Model of skull motion
tion of the three semi-circular canals) close to the cochlea. The accelerances
are displayed separately for ipsilateral and contralateral stimulation; the re- In order to better conceptually grasp skull motion and
suits are the average from the six heads. Results in the. direction are shown
with a solid line, in the y direction with a dashed line, and in the z direction the transition from low-frequency whole body motion to
with a dotted line, high-frequency wave transmission, a simplified one-

dimensional mass-spring model of the skull was devised.

locity in Fig. 10 at these low frequencies is a result of the This model, a lumped element impedance model, is in prin-
stationary phase difference of the motion between two posi- ciple the same mode proposed for low-frequency skull mo-

tions on the skull: it does not represent the wave speed of the tion in a dry skull (Stenfelt et al., 2000); the difference is an

skull vibrations. At higher frequencies, above 2 kHz. the additional damping element (resistance Ro) in the present

phase velocity gives an indication of the wave transmission model, and the element values differ. A cross-sectional view
mode and its velocity, of the skull bone going through the petrous bone is depicted

The phase velocity at frequencies above 2 kHz in the in Fig. 12 (left) together with the lumped element impedance

petrous bone (position 4) shows velocities close to 400 m/s, model (right). The velocities at the two cochleae when the

except on the vertex arc where the velocity increases slightly stimulation is a force at the mastoid skull surface are shown
with frequency. The wave transmission at position 4 is al- in both the cross section and the impedance model. Although
most solely in the petrous bone in the skull base, and the the model estimates the low-frequency velocity at the co-

wave motion is believed to be predominantly longitudinal. At chleae in one direction, the model does not provide the full

the other ipsilateral positions, the phase velocity was calcu- motion of the cochlea.
lated between the stimulation positions and position 1-4. In The greatest limitation of the model is that the results

this way, and for frequencies above 2 kHz, the phase veloc- are in one direction; from this study it is clear that the vibra-

ity in the cranial bone is estimated to increase from around tion at the cochlear promontory is in all three dimensions
250 m/s at 2 kHz to 300 m/s at 10 kHz. Such an increase when the mastoid bone is excited. However, at low frequen-
indicates a mixture of wave modes; these may include bend- cies and with the stimulation at the mastoid in primarily the
ing as well as longitudinal wave motion. x direction, the response is greater in that direction. Another

limitation is that, though the model topography is general,
the values of the model elements depend on the position of
the stimulation. For example, the element values in the

After all the previously described measurements were model are different for vibration estimation with excitation at
finished, a bilateral mastoidectomy was conducted on the position 1-4 and position 1-3.
heads enabling stimulation directly on the otic capsule. The Although with limitations, the model can highlight some
mean accelerance from the six heads with stimulation at the of the low-frequency phenomena seen in the vibration re-
ipsilateral and contralateral cochlea is shown in Fig. I1. The sults. According to the model, the skull can be divided into
stimulation axis is predominantly in the x direction; this can three parts: (1) the area around the stimulation position that
be seen in the 5 to 10 dB greater level in that direction with moves in phase (MI), (2) part of the ipsilateral side compris-
ipsilateral stimulation compared with the vibration in the per- ing the ipsilateral petrous bone (M2). and (3) the contralat-
pendicular plane. Compared with stimulation on the skull eral side including the contralateral petrous bone (M3). These
surface at positions 1-4, the ipsilateral vibration level is ap- three areas are coupled with compliances (the inverse of a
proximately 10 dB greater with stimulation close to the co- spring) including losses (Ci, R1, and C2, R,). The three areas
chlea. Also the response with contralateral cochlear stimula- are not constant but change with frequency. Therefore, the
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Skull model results The accelerance level with ipsilateral stimulation becomes

Occiput pos4 xdirection accelerance Occiput pos 4 point impedance greater than the contralateral at 700 Hz. The low-frequency
-oodt mass behavior of the skull can be seen in the impedance

panels as well. However, the measured impedance phase at
20

the lowest frequencies indicates a large influence of damp-
0 - /l ing. producing a phase of 450. Although a loss element was

:S- included at the stimulation position in the model, such phase
to' c-41 / " behavior of the model impedance was not achieved. It is the

- P-.-mloo'mechanical impedance phase that shows the greatest discrep-

Vio 5moe: ancy between model and measured data. The impedance
'j resonance appears at 310 Hz: above this frequency the im-

a a 1 pedance data are primarily compliance dominated except the

1so -s0 phase data at the higher frequencies.
cA - The resonance seen in the impedance data is in principle

0.1 0.2 0.3 0.6 1 2 3 1 0.2 03 04 1 2 3 the same as the antiresonance found in the ipsilateral acceler-
Frequency (klix) Frequency (kHz) ance data. If the stimulation is applied directly on the petrous

FIG. 13. Comparison of model and measured data. The x direction ipsilat- bone (e.g.. Fig. 10). the ipsilateral accelerance is the inverse
eral and contralateral accelerances with the stimulation at position occiput of the integrated mechanical impedance, and, consequently,
arc 4 am shown as level and phase (left). The impedance data for position the antiresonance in the accelerance function appears as a
occiput arc-4 are shown as level and phase (right). In the accelerance dat,
ipsilateral model results are shown with a solid line, contralateral model resonance in the impedance function. Since the impedance

results with a dashed line, ipsilateral measured data with a dotted line, and and ipsilateral accelerance are measured at two spatially dif-
contralateral measured data with a dash-dotted line. In the impedance data, ferent positions in Fig. 13, the vibration is measured at the
the model data are shown with a solid line while the measured data are stimulation position to calculate the impedance and on the
shown with a dotted line. The measured data are the same as the single head
data presented in Fig. 3. ipsilateral cochlear promontory (M,) for the accelerance, the

resonance frequency differs. The general finding is that the
frequency of this antiresonance increased with distance be-

element values are a function of frequency. For example, the tween the stimulation position and the ipsilateral cochlea.
mass around the stimulation position (M1 ) decreases with For the phase response of the ipsilateral transmission in
frequency since a smaller part of this mass vibrates in phase Fig. 12, the model was extended with a high-frequency part.
as the frequency increases. However, since the greatest effect At frequencies below I kHz. the phase response from the
of the individual elements are found when they interact with model in Fig. 12 was used, and at frequencies above 2 kHz a
each other (producing resonances or antiresonances), we use phase response derived with a constant time delay was used.
constant values in the present model to represent the ele- The model changes gradually from the low-frequency model
ments at the frequencies around these resonances and anti- to the high-frequency model at frequencies between I and
resonances. 2 kHz. The details of this phase model and transition be-

The model was supplied with element values to fit the tween low- and high-frequency parts in the model are de-
results from occiput are 1-4 in Fig. 3. More details about the scribed in the Appendix. Using this model, with a time delay
element values and fitting procedure can be found in the corresponding to a phase velocity of 450 m/s and a distance
Appendix. Since some characteristics of the vibration re- between stimulation position (occiput arc 1-4) and cochlear
sponse are lost when the data are averaged, the model results promontory of 3.5 cm. Fig. 14 displays the results and a
were compared with data from a single head. The results can comparison with the skull measurements as phase, phase ve-
be seen in Fig. 13. With a slight adjustment of the element locity. and group delay, similar to that presented in Figs. 9
values, similar comparisons can be conducted with any and 10. As in Fig. 13, the model data are compared with
stimulation position in any of the heads. The model results occiput arc 1-4 data from the skull shown in Fig. 3.
are compared with the level and phase data of the x-direction The results in Fig. 14 show that the model data were
accelerance and mechanical impedance from position oc- similar to the measured responses. The model phase in-
ciput arc 1-4. The measured data presented in Fig. 13 are the creases at the lowest frequencies (500 Hz) and falls off at
same as presented in Fig. 3. frequencies above I kHz. The measured phase shows a simi-

In the accelerance level panel, an indication of a skull lar trend: increases at the lowest frequencies and decreases at
resonance is found at 1050 Hz. The model .is therefore only frequencies above 1.2 kHz. However, the measured phase
valid at frequencies below this frequency. At the lowest fre- has a local minimum at I kHz and decreases at a slower rate
quencies, the response is a true rigid body motion where the for frequencies above 6 kHz. The model and measured phase
ipsilateral and contralateral accelerances are of the same velocities are also similar. The model phase velocity in-
level with opposite phases. At higher frequencies, an anti- creases from around 100 m/s at 500 Hz to around 450 m/s
resonance can be seen in the ipsilateral accelerance function at frequencies above I kHz (according to the model, the
with a resonance frequency near 450 Hz. The level of the phase velocity is set to 450 m/s at frequencies above 2 kHz).
contralateral accelerance is greater than the ipsilateral around Once again, the measured data have a local minimum at
this antiresonance frequency, and this is the reason for the I kHz and stays between 400 and 550 m/s at frequencies
low-frequency gain in the transcranial transmission (Fig. 8). above 1.2 kHz. Compared with the model data, the measured
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Phase model results ics. those studies are limited to the point impedance, vibra-

Occiput pos 4 ow and high frequency phase model tion of the cranial vault, vibration response in one direction.

a 04 and/or investigations in dry skulls.

,2 me Most measurements in this study are on the vibration of
02 A a the cochlear promontory when the excitation is at the skull

2-1000
measurse 4 obone surface. For this to be interesting for BC hearing, the

-002 -measured cochlear vibration should be related to a sensation level for.2002

0 -o BC sound. It is at present not absolutely clear which phe-
.06 0 1 3 5 nomena contribute, and to what extent they contribute, to a

measured..5. 3 5 71
500 Frecuency (kHz) BC perception. It is generally assumed that a BC sensation is
4C v primarily caused by sound radiation into the external ear

a0on model canal. inertial motion of the middle ear ossicles. inertial ef-
200 fects of the cochlear fluid, and alteration of the cochlear
-0 space (Tonndorf, 1966). Of these, the external ear canal com-

5.s 2 4 6 a 1o ponent is not significant when the ear canal is open (Stenfelt
Frmquency (k-z) et at, 2003). All others are related to the vibration level of

FIG. 14. Comparison of model and measured phase data. The phase and the cochlear promontory. Although it is not possible to trans-
phase velocity is plotted at the left with a linear frequency scale late a vibration level of the cochlear promontory to a hearing
(0.5-10 kHz), while the group delay is plotted at the right with a logarith. sensation level due to several unknown factors, such as the
mic frequency scale (0.5-10 kHz). The model data are shown with a solid directional sensitivity and vibration modes of the cochlea,
line and the measured data are shown with a dotted line. The measured data
are the same as the single head data presented in Fig. 3 using position the vibration level of the cochlear promontory can be used as
occiput arc 1-4. a rough approximation of the BC sensation level.

data have a somewhat lower velocity around 4 kHz and a A. Mechanical point impedance of the skull
higher velocity at frequencies above 6 kHz. The measured Several investigations of the skull point impedance have
data indicate dispersion at both low and high frequencies. -been reported in the literature, both with and without the skin

The panel displaying the group delay indicates similari- covering the skull bone, using living and cadaver heads as
ties between measured and model data. At the lowest fre- well as severed dry skulls (Corliss and Coidan, 1955: Franke,
quencies, the delays are negative; this is seen at several po- 1956; Stalnaker and Folge. 1971; Gurdjian et at, 1970; Flat-
sitions in Fig. 9. The model data have a constant group delay
of 0.078 ms at frequencies above 2 kHz (given by the tr n obr.17;SihadSgs 96 -~asoof 0078ms a frqueniesaboe 2 ~z give bythe et al., 1986). Of these, the most thorough investigation ismodel). The measured group delay is spread around this de- et al.. 1986).lOf(these, the t though in t is
lay with a tendency of greater delays at around 3 to 4 kHz akanss i t e the mecanical oint e

mi- ance at an osseointegrated titanium implant, as well as at theand lower delays at 5 to 8 kHz. The transition from the mix-and owe deaysat toS k-Iz.Thetrasiton romtheskin in the parietal bone (about 55 mm behind the ear canal
ture of two phase models to the constant velocity model at

entrance), was investigated in seven living humans. More-2 kHz is clearly visible in the group delay data. This is due er, wanvestigatedinse livin hua Mre-
over, the mechanical impedance of a 175 mm 2 circular area

to the computation of the group delay'as the derivative of the o t
phase versus frequency [Eq. (2)]. At both transitions between of the ave huma skin o wa tanarize

modes, a I ~z werethe ode goe frm a ow- in 1971 (IEC 373, 1971) for the calibration of BC transduc-models, at I kHz where the model goes fromt a low-
ers used in audiometry. However, it was difficult to design

frequency model to a mixed model, and at 2 kHz where it mcaia opesta e hsipdne n h tn
goes from a mixed to a constant delay model, the derivative

rise dard of the mechanical impedance for calibrating BC trans-of the phase is noncontinuous. This noncontinuity gives dueswsreieinse0t h mcaia ipdneo
to the abrupt rise in the group delay data of the model at there an rer tp 90 rtificial m d 3
2 kHz. the Brliel and Kjxer type 4930 artificial mastoid (IEC 373,

1990).
The mechanical point impedance was measured at 27

positions at the skull surface in each of the six cadaver heads
IV. DISCUSSION according to Fig. 1. The results from these measurements

were pooled and averaged in Fig, 2. The impedance mena-
Nearly a thousand measurements were made of the surements obtained, although at several additional positions,

cochlear promontory vibration using accelerometers and a are similar to the measurements of HIlkansson et al. (1986)
LDV with stimulation at 29 positions in six intact human where the impedance was measured at a screw connection
cadaver heads for the frequency range 0.1 to 10 kHz. Fur- directly in the skull bone. When comparing the mean results
thermore, the mechanical impedance was measured at the from the study of Hhkansson et al. with our occiput arc po-
stimulation positions at the skull surface. This thorough in- sition 3 data, which is the closest position to that used in the
vestigation has given some insight to the mechanics of the HAkansson et al. study, similar results are found for both
skull, and the motion of the cochlear promontory when the magnitude and phase. The greatest difference between the
stimulation is a vibration at the skull bone surface. Although two investigations is found at the very high frequencies
there are several published studies of human skull mechan- (8 to 10 kHz). At those frequencies, the impedance magni-
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tude in the Hfikansson et al. study is 3 to 6 dB lower and the al. (2000) in that the cochlear promontory vibration in three
phase is up to 40' lower than in this study. This difference directions was measured while vibrating the skull surface.
may be due to the rigid connection used in the present study: The difference is that a dry skull and five stimulation posi-
Hikansson et al. used a metal connection at the implant that tions were used by Stenfelt et al. while intact cadaver heads
produces a local compliance that could affect their high- and a large number of stimulation positions distributed over
frequency data. a substantial area of the skull bone were used in this inves-

Although most previous mechanical impedance studies tigation. One potential concern is that the cadaver heads used
have been made with the skin interposed between the skull had been removed from the bodies. According to Stalnaker
and the impedance measurement device, it was here mea- and Folge (1971). the head-neck junction is insignificant for
sured directly to the skull bone. The skin acts chiefly as a frequencies above 0.4 kHz. It is therefore assumed that the
spring at the frequencies used; this spring is the first element effect of severing the heads in this study is negligible.
in the impedance chain and it dominates the impedance re- Two different methods to measure the vibration at the
sponse. Therefore. the skin may mask mechanical character- cochlear promontory were used: a triaxial accelerometer was
istics that could have been seen in the impedance measure- glued to the cochlear promontory that measured the accelera-
ments. Three general areas can be identified in the magnitude tion in three perpendicular directions, and the laser beam of a
and phase curves presented in Fig. 2. At the lowest frequen- LDV was aimed at the cochlear promontory that measured
cies, below 150 to 400 Hz. the skull acts as a pure mass. the velocity in the direction of the laser beam. The measure-
This is where the skull moves truly as a rigid body and the ment direction of the LDV was the same as the x direction of
skull motion is determined by translational and rotational the accelerometer measurement. Similar vibration results
whole body motions. Above this frequency range, the cranial were obtained with the triaxial accelerometer in the x direc-
bone starts flexing around the stimulation position, giving a tion as with the LDV. The average result from the six heads
stiffness-controlled impedance (cf. See III A). At frequencies with the two measurement methods differed no more than
of 3 kHz and above. losses start to influence the impedance; 5 dB at any position or frequency; the difference was gener-
however, the impedance is still dominated by the stiffness of ally less than 2 dB. This indicates further that the slight drill-
the bone around the stimulation position. ing of the ear canal that was done in order to fit the triaxial

Except for the low-frequency impedance resonance, no accelerometer to the cochlear promontory did not greatly af-
resonances and antiresonances of the skull structure are iden- fect the vibration transmission, and the glue bond attaching
tifiable from the impedance measurements. The reason is that the accelerometer to the cochlear promontory could be con-
the resonances of the skull structure are well damped, as has sidered rigid.
been noted in previous reports on the mechanical impedance. The results from the individual heads show that there
Accordingly, the structural responses of the skulls are hidden were several resonances and antiresonances present. They
behind the local mass and stiffness behavior at and around did not appear at the same frequencies in all three directions.
the attachment position. Furthermore, they differed in frequency between the heads

and their influence disappeared when the results from the six
heads were averaged. The resonances were greatly damped
and have therefore only a minor influence on BC sound. The

In the literature on BC vibration of the skull, different antiresonances have greater impact and produced attenuation
measurement techniques, such as impulse hammers. acceler- of up to 20 dB. However, since they were of narrow band-
ometers, holographic interferometry, and LDV, have been width and did not appear in the three directions at the same
used to reveal the mode of vibration of the cranial vault frequency, their influence on BC transmission is dependent
when a BC sound is applied (von B6kisy, 1932; Brdny, on the directional sensitivity of the cochlea. This directional
1938; Kirikae. 1959; Khalil et al., 1979; Ogura et al., 1979; sensitivity of the cochlea is at present unknown. Most anti-
Kobayashi et al., 1983; Dorheide and Hoyer, 1984; HAkans- resonances were found when the stimulation was applied
son et al., 1994). These investigations have used live hu- close to the midline of the skull, or when it was on the
mans, cadavers, and dry skulls. The present study has fo- contralateral side (predominantly C-I and C-2). This is be-
cused on the vibration at the cochlear promontories when the lieved to be an effect of wave transmission through the cra-
stimulation is a vibration at the skull bone surface. Previous nial vault when the stimulation is close to the sagittal plane
investigations of cochlear vibration during BC stimulation (producing more antiresonances). When the stimulation was
are limited to two studies. In the first, an accelerometer was closer to the cochlea, the skull-base transmitted more of the
attached to the petrous part of the mastoid bone in a sec- energy with less influence from the structural response of the
tioned dry skull when the stimulation was applied to the cranial vault.
mastoid (Buchman et al., 1991). In the other study, three From both the analysis of the cochlear promontory vi-
perpendicular accelerometers were mounted at the petrous bration in the individual heads and the averaged responses. it
part of both mastoid bones in an intact dry skull that was was clear that, as long as the stimulation was on the ipsilat-
internally coated with damping material. In that study. the eral side, the closer the excitation position was to the co-
excitation was applied at four positions on the mastoid and chlea. the greater the response level and the less phase accu-
parietal bone, and one position on the forehead (Stenfelt et mulated (shorter time delays). However, when the excitation
al., 2000). was applied on the contralateral side. no significant differ-

The present study is similar to the study by Stenfelt er ence between the response from the stimulation positions

2388 J. Acoust. Soc. Am., Vol. 118, No. 4, October 2005 S. Stenfell and R. L. Goode: Transmission of bone conducted sound
Page 131 of 318

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



were found, either in level or in phase. In general, the worst The inverse of this is referred to as the transcranial attenua-
place to apply a BC stimulation, in terms of vibration level at tion and is often used when BC transmission through the
the cochlear promontory, was on the mid-sagittal plane. The skull is estimated by psychoacoustic measurements. Nolan
greatest vibration level at the cochlear promontory was ob- and Lyon (1981) reported the mean subjective transcranial
tained when the stimulation was applied directly at the co- attenuation to be approximately 10 dB for the frequencies
chlea; almost 10 dB greater levels were achieved compared 0.25 to 4 kHz in live humans; the range was from
with the occiput arc 1-4 position. -10 to 40 dB. Hurley and Berger (1970) found the transcra-

At lower frequencies. the direction of stimulation domi- nial attenuation to be around 5 dB between 0.5 and 2 kHz,
nated the response direction. At higher frequencies. no domi- whereas Kirikae (1959) reported it to be 5 dB between 0.25
nant direction was seen except when the stimulation position and I kHz and 10 to 15 dB at 2 kHz. In the transcranial vi-
was close to the response position (stimulation at positions bration transmission that is presented in Fig. 8, the vibration
1-4 and otic capsule). The averaged responses in the three at the contralateral side is generally 0 to 5 dB greater than.at
directions were normally within 5 to 10 dB of each other. the ipsilateral side for frequencies below I kHz. This is not
The response pattern was similar whether the stimulation normally reported when the transcranial transmission is esti-
was applied at the forehead. vertex, or occiput part of the mated by psychoacoustic measurements. At higher frequen-
skull; it depended primarily on the distance between the cies, the transcranial transmission is worse resulting in an
stimulation and response positions. This finding was similar attenuation of 10 to 20 dB at 10 kHz, depending on mea-
to that reported by Stenfelt et al. (2000). where the vibrations surement direction and position.
were found similar for the three perpendicular directions, In the study by Stenfelt et al. (2000), where the vibration
except when the stimulation was close to the cochlea; then, was measured close to the cochlea in a dry skull, less attenu-
the vibration in the stimulation direction dominated the vi- ation was obtained: around 0 dB below I kHz that became
bration response. 5 to 10 dB at 10 kHz. Since a dry skull was used in that

When the quadratic summation of the accelerance re- study, less attenuation was expected. However, the transcra-
suIts in the three perpendicular directions was performed nial transmission level differs between this study and the
[Eq. (1)], a result termed total accelerance response was ob- several studies that used a psychoacoustic approach. At low
tained. It is an approximation of the vibration power trans- frequencies, where the skull moves primarily as a rigid body,
mitted to the cochlear promontory. This is a useful measure the sensation level at both cochleae should be similar. There
since it converts the vibration response in the three directions may, however, be other factors such as the directional sensi-
to a single number facilitating comparisons between results tivity of the cochlea that influences the results when psy-
from different stimulation positions. Using this analysis. the choacoustic measurements are used; e.g., if the cochlea is
transmission loss at the ipsilateral skull surface was sensitive primarily in the y direction, other transcranial trans-
0.5 to 1.5 dB/cm for frequencies above I kHz (Fig. 7). Po- mission functions than those presented in Fig. 8 would be
sitions 1-4 at the forehead and vertex arcs resulted in approxi- appropriate. The vibration sensitivity of the cochlea (vibra-
mately 5 dB greater vibration level at the cochlear promon- tion of the cochlea to a perceived sensation) is probably a
tory for frequencies above I kHz, compared with position function of the vibration amplitude and phase in all three
1-4 at the occiput arc. At this time, we have no explanation directions, as well as the vibration mode; it is therefore
for this result. meaningless to try to find a single sensitivity direction.

In the international standard for calibration of BC trans-
ducers (ISO 389-3, 1994), an interim standard is proposed
for the sensitivity difference between forehead and mastoid
stimulation. This standard states that, for BC, stimulation at D. Wave motion of bone conducted sound
the forehead produces 8 to 14 dB worse thresholds than Tonndorf (1966) initially proposed that the waves along
stimulation at the mastoid. This sensitivity difference corre- the bones of the cranial vault propagate as flexural waves
sponds well with the x direction results for frequencies below (bending waves). Later, this was revised, since no frequency
3 kHz when the relative sensitivity between stimulation po- dependence of the wave motion was found in their own
sitions was analyzed (Fig. 8). Above 3 kHz, the measured x study (Tonndorf and Jahn, 1981) or in others (Zwislocki,
direction difference in vibration levels was greater than that 1953; Franke, 1956). They suggested that the wave propaga-
stated in the standard and the a,,, results correspond better. tion of the cranial vault occurs as plate waves, which consti-
This is another indication that cochlear promontory vibration tutes both longitudinal and transverse components. Although
data can be used to estimate the perception of BC sound, the special case of plate waves that was proposed by
though the relationship between acceleration and perception Tonndorf and Jahn (1981) does not have frequency-
is probably a function of the amplitude and phase of all dependent propagation velocity, plate waves are dispersive in
directions of motion. general; the phase (and group) velocity changes with fre-

quency. The phase velocity for BC stimulation in this study
showed dispersion (velocity changed with frequency) (Fig.

C. Transcranial transmission
10), especially for the estimation of the propagation velocity

The transcranial transmission measured in these skulls is in the cranial bone. When the wave transmission was prima-
an objective measure; it is the vibration measured at the con- rily through the skull-base (position 1-4). less dispersion was
tralateral cochlea divided by that at the ipsilateral cochlea. found at the higher frequencies. There was also a variation of
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the group delays for almost the whole frequency range. indi- space dimensions. It was only at the lower frequencies, be-
cating dispersive wave transmission (Fig. 10). low 0.5 to I kHz. and when the stimulation position was

The skull bone has a complicated structure; at the cranial close to the cochlea. that the stimulation direction dominated
vault it consists of two parallel thin structures of dense bone the response direction. Otherwise, the cochlea vibrated in all
(lamina extema and lamina interna) with a scaffoldlike bone space dimensions without any dominating direction. In terms
structure termed diplob in between. Fluid is present within of vibration level of the cochlear promontory. the best stimu-
this diplot and the cranial bone is loaded on the outside by lation position was close to the cochlea and the worst stimu-
the skin and soft tissues, and on the inside by the brain and lation position was on the sagittal plane. Also. the greatest
cerebrospinal fluid. All these factors influence the wave difference, in both level and phase. between the cochleae
transmission of the vibration in the skull. and it can be as- was when the stimulation was close to the cochlea. Both the
sumed that several modes of wave transmission in the skull group and phase velocity of the skull bone wave propagation
bone are present at the frequencies used here. By separating depended on the frequency: at low frequencies the skull
the analysis for the stimulation at position 1-4 with the other acted as a mass-spring system with a low phase velocity. At
positions, some indication of the nature of the wave trans- higher frequencies, the speed of the wave propagation de-
mission was found. At the skull-base, a higher phase velocity pended on the location on the skull: the skull-base showed a
(around 400 m/s) was obtained than that obtained at the cra- close to constant wave speed of around 400 m/s whereas the
nial vault (250 to 300 m/s). The velocity at the skull base cranial bone produced phase velocities around 250 m/s at
appeared to be almost constant at the higher frequencies, 2 kHz that became close to 300 m/s at 10 kHz.
whereas frequency dependence of the phase velocity at the
cranial vault was found. This was likely a result of different ACKNOWLEDGMENT
wave propagations in the different areas of the skull: at the This work was supoited in art b a V A. Merit Re-
skull base in thicker bone, longitudinal wave transmission view Grant pp p yvie Grnt(GDEO010ARG), the Swedish Institute, and
dominated whereas a mixture of modes, including bending Swedish Research Council for Engineering Sciences (Grant
wave motion, might exist in the cranial bones. Position oc- No. TFR 299-2000-576). We gratefully acknowledge the
ciput arc 1-4 was at the skull-base, forehead are 1-4 was just help of Timothy Wild and Nahito Hato. who assisted with the
outside the skull-base, whereas vertex arc 1-4 was positioned preparations of the heads.
in the cranial bone, about 30 mm above the ear canal open-
ing. The slight frequency dependence seen in the phase ve-
locity at vertex arc 1-4 was believed to be caused by the
transmission in the cranial bone at this position. The element values of the one-dimensional mass-spring

At the lowest frequency presented in Fig. 10, the phase model of the skull depicted in Fig. 12 were fitted to the
velocity estimated was below 100 m/s. This result was due results of stimulation at position 4 at the occiput arc in the
to the phase of the local compliance around the stimulation skull data presented in Fig. 3. It was decided to fit the results
position. This stiffness behavior at the attachment position to some key properties in the results. At low frequencies, the
caused a phase alteration that appeared as a low phase ve- model result should be mass dominated with the total mass
locity at those relatively low frequencies. The phase and (MI+M,+M 3) close to that obtained in the impedance data.
group velocity of BC sound have been reported to be be- The sum of the two compliances (Cl and C,) together with
tween 260 and 540 m/s (von Bdk6sy, 1948; Zwislocki, 1953; the large mass (M3) forms the resonance seen in the imped-
Franke, 1956; Tonndorf and Jahn, 1981). Except for von ance data. The damping of this resonance is formed by the
Bkisy, who did not investigate the low-frequency wave three resistive elements (Ro, R1, and R,). The antiresonance
speed, low phase velocities at the lower frequencies were of the 1-4 data is caused by the interaction of the masses M2
reported. similar to our findings. By devising a mass-spring and M 3 together with the compliance Ci. Finally, the first
model of the skull for the low frequencies and a wave propa- skull resonance (around 1.1 kHz) is primarily formed by the
gation model with constant phase velocity at higher frequen- compliance C, together with the mass M 3. From this. the
cies. the alteration from low phase velocities at low frequen- values were adjusted manually to visually fit the measured
cies to higher velocities at frequencies above 2 kHz could be data. Accordingly, the values used for the model in Fig. 13
explained. Also, the finding of negative group delays at the were M,=0.05 kg, M2 =0.1 kg, M3=0.7 kg, C,= 140 nm/N,
low frequencies could be explained by this model. However, C,= 170 nm/N, R0 =30 kNs/m, R1=200 Ns/m, and R2
it should be noted that, due to the low-frequency character- =600 Ns/m.
istics of phase response, neither the phase velocities nor the It can be observed that the total mass of the skull model
group delays presented were easily converted to a time delay (M[+M2+M3) is 0.85 kg, which is considerably less than
for BC transmission in the head. the 3 kg for the head reported in Table I. This can be ex-

The current study was based on mechanical point im- plained by the decoupling of the brain and soft tissues for the
pedance measurements of the skull and cochlear vibration frequencies used here. The dry skull itself weighs slightly
measurement when the excitation was at the skull surface. less than I kg. The decoupling of the brain and soft tissues
Although slightly different levels were found, the mechanical can be one explanation for the deviation in magnitude and
impedance showed similar behavior for all measurements. phase of the impedance at the lowest frequencies (below
When a vibration excited the skull, even if in a single direc- 200 Hz) in Fig. 12. At these frequencies, parts of the soft
tion, the vibration at the cochlear promontory was in all tissues and/or brain vibrate with the skull bone, thus increas- 2'o
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Cochlear Implantation in Children
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Dahm, MC, Shepherd, RK, Clark, GM. The postnatal growth of the temporal bone and its implications for cochlear
implantation in children. Acta Otolaryngol (Stockh) 1993: Suppl 505.

The postnatal growth of the human temporal bone was examined by direct anatomical measurements on 60 cadaver
specimens of all ages. The bones were dissected as one would perform cochlear implant surgery using a posterior
tympanotomy approach. Nineteen anaonmical/surgical landmarks with implications for cochlear implant surgery were
identified on each bone and the distance between these points measured. The temporal bone was found to be a complex
structure, phylogenetically, anatomically and functionally consisting of four different parts with independent postnatal
development. The inner and middle ears were adull size at birth. The external auditory canal and most parts of the
temporal bone were subject to significant lateral growth. The size of the pneumatised mastoid increased in all directions.
In the facial recess, however, no postnatal growth was observed. Between birth and adulthood an average of 12 mm (SD
5 mm) of growth was seen directly between the sino-dural angle and the round window, the landmarks approximating the
implantation site for the receiver-stimulator and the electrode entry point into the inner ear. However, if an electrode
leadwire is fixed at a cortical fixation site such as the posterosuperior point of Macewen's triangle, the leadwire would be
subject to approximately 20 mm of growth. These results indicate that a paediatric cochlear implant design incorporating
an expandable leadwire to accommodate this growth should allow up to 25 mm of leadwire lengthening. The fossa incudis

2 showed no growth relative to the round window and was found to be a convenient fixation site for the electrode array
close to the cochlea. From an anatomical and surgical point of view. cochlear implantation in very young children is
feasible. provided the electrode array is secured and the design accommodates for controlled leadwire lengthening. Key
words: developmental anatomy, temporal bone growth, skull growth, paediatric otology, cochlear implants.
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Postnatal temporal bone growth 5

INTRODUCTION jeopardize the long-term benefit of the cochlear im-
plant (1, 2). Furthermore, the gradual dislodgement

It is now clear that young profound to totally deaf- of the electrode array would result in a change of
ened children can receive considerable benefit from a pitch perception for a given electrode pair. Finally,
multiple-channel cochlear implant (1, 2). Since the the repeated breakdown of the electrode entry seal
approval of the Cochlear 22 channel cochlear implant could result in an increased risk in the spread of
for use in children aged 2-17 years in 1990, an infection into the cochlea, as the seal takes several
increasing number of pre- and postlingually deafened weeks to become an effective barrier to the spread of
children are being implanted with this device. Clinical infection (8). This is of particular importance in
results indicate that the younger implantees benefit young children who are prone to otitis media. For the
most from early implantation, facilitating early prevention of these potential complications it is essen-
speech perception and speech development. Early au- tial to establish procedures that will not allow the
ditory deprivation causes incomplete maturation and electrode to move after implantation.
degenerative changes within the central auditory To our knowledge there have been no reports
pathway (3-5). Electrical stimulation, in contrast, describing the removal of an electrode array as a
appears to be capable of preventing at least some of result of skull growth. However, as increasing num-
these changes (6). Implanting congenital or neona- bers of younger children will be implanted in the
tally deafened children under the age of two may, future, precise knowledge about the rate at which
therefore, have substantial advantages over implanta- postnatal growth occurs is essential for the develop-
tion at a later age. First, however, some questions ment of safe surgical procedures in the paediatric
concerning reliability of hearing tests in infants, the group.
chronic effects of electrical stimulation, the control of Abundant information about the growth of the
infection and the problem of postoperative temporal human head during childhood has already been pub-
bone growth remain to be addressed. The present lished (9-12). In general, the postnatal growth of the
study deals with the question of skull growth. head is less dramatic than the growth of the body.

The current concept of cochlear implantation con- The head of a newborn has approximately 60% of
sists of an externally worn speech processor with the length of an adult head. The body length of a
headset and an implantable receiver-stimulator. The newborn, in contrast, accounts for only some 28% of
Cochlear 22-channel device features a multichannel the expected length (11).
scala tympani electrode, a receiver/stimulator and a The inner ear has been described by various au-
leadwire connecting the two (7). The intracochlear thors to be adult size even before term (11-15).
electrode is inserted into the scala tympani of the However, less detailed information is available de-
basal turn either through the round window mem- scribing the postnatal development of the temporal
brane or via a cochleostomy just anteroinferior to the bone and its related structures. Nokubi (16) and
round window. The receiver stimulator however, has Dahm (17) have examined the postnatal growth of
to be placed near the surface just under the scalp to the temporal bone by direct anatomical measure-

o permit the transfer of speech data and power via a ments of its external features. They demonstrated
transcutaneous radio-frequency link. The site for its significant differences in the development of the vari-
placement is usually on the lateral surface of the ous regions of the temporal bone. These different
squamous part of the temporal bone just posterosu- parts varied considerably in their growth patterns, the
perior to the mastoidectomy cavity. However, in or- extent of growth as well as the period of accelerated
der to ensure consistent speech perception results in growth.
the long-term, the intracochlear electrode array must The pre- and postnatal development of the middle
be mechanically stable. In young children there is ear has been described by a number of investiga-
some uncertainty regarding the impact of skull and tors (18-23). Their histological and morphological
temporal bone growth on the implant. This growth studies showed relative maturity of the middle ear
may jeopardize the success of the device. A substan- cleft and the ossicles at term. Only a moderate lateral
tial increase in the distance between the point of postnatal extension of the posterior hypotympanum
electrode insertion, any potential electrode fixation in conjunction with the proposed verticalization of
site, and the location of the receiver-stimulator, may the tympanic ring was noted by Proctor (19) and
place stress on the leadwire, resulting in the displace- Spector (21).
ment of the electrode from the cochlea and damage The width of the facial recess as the access route
to the electrode leadwires. A reduction in the number for middle ear and cochlear implant surgery has been
of the functional electrodes-due either to the dis- a matter of concern and has recently been the subject
placement of the array or leadwire damage-would of a number of studies (24, 25). Their results indi-
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6 M.C. Dahm et al.

cated no statistically significant difference in the size site should be easily accessible and should not grow
of the facial recess between the various age groups away from the cochlea during development. To define
ranging from newborns to adults. potential fixation sites, detailed information about

Temporal bone growth with reference to cochlear the growth pattern of the temporal bone is needed. In
implantation has, to our knowledge, only been the addition, if an expandable leadwire is necessary to
subject of three publications (14, 26, 27). Simms & accommodate for post-operative skull growth,
Neely (27) examined the change of different surface anatomical data will be needed to design a safe and
landmarks to assess the growth of the temporal bone. effective paediatric cochlear implant. The aim of the
The increase in the distances between the external present study is to provide this information.
auditory canal to the mastoid tip and several points
along the suture lines at the periphery of the temporal Developmental anatomy of the human temporal bone

bone was assessed using a surface projection method. The general growth of a child is characterized by
They described a bimodal growth pattern with an specific growth periods. Periods of accelerated growth
accelerated development in the first four years of life. are observed at the age of 0-1 y, 5-7 y and 12-15 y
O'Donoghue et al. (26) used computerized axial to- (1l). However, these major growth periods are not
mography of temporal bones to examine various axes necessarily linked with growth changes of the tempo-

regarded relevant for cochlear implant surgery. They ral bone. Although some major growth changes of
concluded that the greatest development occurred in the head can be observed in these periods, the tempo-
the squamous and petrous portions of the temporal ral bone follows a different pattern. Each part of the
bone during the first two years of life. Moreover, they temporal bone seems to develop during different peri-
indicated the need for a 10-30 mm redundancy in the ods at a different speed, according to their phyloge-
leadwire of a paediatric cochlear implant in order to netical origin, their function, the surrounding tissues
accommodate head growth. In the most extensive and the forces applied to them.
study, Eby & Nadol (14) examined histological sec- The temporal bone consists of the squamous,
tions from 48 temporal bones, and plain X-rays from petrous, tympanic and styloid components. The mas-
253 skulls in order to assess the growth pattern of the toid, regarded by some authors to be a fifth part,
temporal bone. Histologically, they noted no evidence however, originates phylogenetically from the inferior
of postnatal growth of the inner ear and minimal protrusions of the squamous and the petrous bone
growth of the middle ear. Their radiological findings (28).
indicated growth of the mastoid in all three dimen- In the antenatal course of development of the
sions: length, width and depth, following two expo- temporal bone the two larger mesodermal compo-
nential curves. They concluded that at least a 25 mm nents, the petrosa and the squama appear and em-
leadwire expansion should be allowed to accommo- brace the first branchial pouch and cleft (29). TheC
date skull growth. entodermal expansion of the first branchial pouch

These previous studies have examined either exter- (foregut) will later result in the formation of the
nal features of the temporal bone or used two dimen- tympanic cavity. The ectodermal layer of the first
sional techniques (surface projection, tomography branchial groove deepens to build the external audi-
and histology) to evaluate the postnatal growth pat- tory canal. The third part of the temporal bone, the
tern. However, temporal bones, dissected using surgi- tympanic bone, develops around the multilayered
cal procedures required for cochlear implantation, are tympanic membrane, which separates the first pouch
more suitable for evaluating growth between the and groove.
structures relevant for cochlear implant surgery. The petrous and styloid parts of the temporal bone
Some of the landmarks relevant for cochlear implan- are both formed in cartilage. The petrous component
tation only become obvious after a cortical mas- contains the neural elements of the inner ear. At four
toidectomy and posterior tympanotomy are weeks of gestational age ectodermal tissue, forming
performed. In the undissected temporal bone these the otic placode, has invaginated and forms the oto-
structures would not be available for anatomical cyst. This anlage forms the membranous labyrinth
measurements. After dissection the actual size of the and reaches adult size in the 20th week (28). The
routes for surgical access can be evaluated more surrounding mesenchymal tissue is differentiating into
accurately, the course of the prospective electrode primitive cartilage at 5 weeks, sparing the peri-
array and leadwire can be assessed, and the extent of lymphatic space and forming the bony otic capsule
growth between potential fixation sites can be exam- and petrous bone. At the 16th week intrachondral
ined in detail. (enchondral) ossification starts at 14 different ossifi-

To prevent electrode displacement, fixation of the cation centres and is completed only shortly before
leadwire close to the cochlea is desirable. A fixation birth. The different ossification centres fuse without
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Postnatal temporal bone growth 7

any intermediate zones of epiphyseal growth. The The external auditory meatus deepens by active
foctal trilaminar structure of this unique bone is kept proliferation of ectoderm forming a temporary epi-
throughout lifetime; no conversion towards haversian thelial plug which later breaks down. It represents the
bone takes place. first ectodermal (branchial) groove. The tympanic

The squamous bone is created by membranous bone has four ossification centres appearing at the
ossification. It is not until the 8th week stage that one 9-10th foetal week. They are situated at the periph-
can first discern development of the squama of the ery of the future tympanic membrane and form a
temporal bone as commencing from one membranous bony, superiorly incomplete ring by the 16th week by
ossification centre which extends into the zygomatic membranous ossification. At term, the diameter of
process (28). The majority of the squamous part of the this ring is almost adult size (22). After birth, the
temporal bone forms a vertical plate, which forms the tympanic bone grows laterally via two tubercles, the
lateral wall of the middle cranial fossa. On its lateral anterior and the posterior which eventually will fuse
surface the temporalis muscle is attached and the with each other to build the mostly transient foramen
zygomatic process projects anteriorly. It articulates of Huschke. It usually closes up at the age of five
with the sphenoid and maxillary bone anteriorly, the years. At the same time the plane of the tympanic
patietal bone superiorly, the tympanic part of the part (membrane) changes from almost horizontal in
temporal bone laterally and the petrous part of the the 12th foetal week, to a more vertical plane. At
temporal bone posteriorly. Medially it forms together birth the plane of the tympanic membrane is 25
with the petrous part the tegmen tympani, the roof of degrees from the horizontal plane. In the adult it is at
the Eustachian tube, the attic and the antrum. It an angle of approximately 50-60 degrees (28). This
includes, on its posterosuperior circumference of the trend is not fully completed at term.
external ear canal, the spine of Henle or suprameatal The mastoid process is not recognizable in the first
spine. In the adult it forms the anterosuperior and year of life (30). The pull of the sternocleidomastoid
lateral portion of the mastoid bone. The suture line muscle and the progressing pneumatization are
towards the petrouspart, the posterior petrosquamosal thought to be the major forces behind its develop-
suture, is visible on the lateral surface of the temporal ment. According to Ars (22), the mastoid and antral
bone in the newborn, but disappears after the second air cells develop as an outgrowth of the antrum. The

year. Within the mastoid it can remain as a lamina and antral bone expands posteriorly and the ventrolateral
E- is known as K6rner's septum. During skull growth, the wall continues to grow until puberty or beyond, to

squamous temporal bone moves laterally resulting in give rise to the bone of the mastoid. This is not
an increase in the cranial diameter (22, 26). completed until late teenage years.

Between the petrous and squamous bones, expan-
sion of the endochondral mucosal lining of the lateral MATERIALS AND METHODS
portion of the tubo-tympanic recess results in the
formation of the tympanic cavity. The medial portion Sixty human temporal bones were used in this study.
persists in a less dilated condition, but becomes grad- The ages ranged from 0.16-84 years with 52 of the 60
ually elongated to form the pharyngotympanic tube bones harvested coming from cadavers whose age at
(Eustachian). The formation of the tympanic cavity death was 18 years or less (Table I). Of the 60 bones,
results in its epithelium gradually enveloping the ossi- 37 (62%) were obtained from males and 23 (38%)
cles, their tendons and ligaments and the chorda
tympani nerve so that all these structures receive a Table I. Summary of temporal bones used in the
more or less complete epithelial investment. Later present study based on age and sex
expansion posteriorly to the tympanic cavity, gives
rise to the tympanic antrum and, eventually, to the Age (years) Female Male Total
mastoid air cells. The upwards expansion of the 1 0< 1/2 5 10
tympanic cavity causes the chorda tympani nerve to 2 1/2 < I I 4 5
be included into the tympanic membrane (29). The 3 1 < 2 2 1 3
Ossicles (mesoderm) are cartilaginous up to the 15th 4 2<4 2 4 6
week, ossify from the 16th week and are adult size by 5 4<6 3 3 6
the 5th foetal month (22). Periosteal and endosteal 6 6<8 1 5 6

7 8 <10 3 2 5
bone formation takes place and is completed by the 8 10 < 14 1 2 3
25th week. The malleus and incus derive from the 9 14 < 18 3 5 8
first branchial arch (Meckel's cartilage), and the 10 > 18 2 6 8
stapes from the second branchial arch and parts of Total 23 37 60
the otic capsule (13).
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8 M.C. Dahm et al.

from females; 36 bones (60%) were from the right Table II. Anatomical and surgical reference points
side and 24 (40%) from the left. used in the present study

The specimens were fixed and stored in neutral
buffered formaldehyde. After removal of soft tissue, a Inner ear:

mastoidectomy and posterior tympanotomy, accord- 1) Round Window (RW): Crista fenestra.
ing to the surgical procedure for cochlear implant 2) Oval Window (OW): Anterior rim of the stapes foot-
surgery, was performed under an operating micro- plate.
scope (31). Care was taken to preserve the 3) Lateral semicircular canal (LS): Most prominent point,
suprameatal spine and suprameatal (Macewen's) tri- as it presents after mastoidectomy.

4) Promontory (PR): Most lateral aspect.
angle, resulting in a small bony overhang over the 5) Arcuate eminence (ARC): The most prominent point
mastoid exanteration. The mastoidectomy was ex- of the arcuate eminence.
tended along the sigmoid sinus posteriorly to the 6) Internal auditory canal (IAC): Posterior rim.
sino-dural angle, its junction with the tegmen of the
mastoid cavity, and inferiorly to the digastric ridge. Middle ear:

The tip of the short process of the incus and its 7) Fossa incudis (Fl): Tip of the short process of the
attachment in the incudal recess (fossa incudis) was incus.
carefully exposed. The prominence of the lateral 8) Umbo (UMB): Tip of the manubrium of the malleus.
semicircular canal, the facial nerve and the chorda 9) Tympanic spine (TSP): Greater (posterior) tympanic
tympani were identified. The vertical and horizontal spine located at the medial end of the tympanomastoid

fissure just posterior to the notch of Rivinus.diameter of the tympanic membrane was then mea- 10) Tympanic sulcus (TSU): Point on sulcus adjacent tosured and the membrane, including the fibrocartilagi- the posterior canaliculus for the chorda tympani.
nous ring was then carefully removed from the

0 tympanic sulcus of the temporal bone, the manu- External ear canal:

, brium and the malleus. The round window was then I1) Inferolateral tympanic point (ITP): The most inferior
inspected, a false membrane-if present-was r- point on the lateral surface of the tympanic bone.
moved and the crista fenestra identified. 12) Porion (PO): Superolateral aspect of the external audi-

Nineteen anatomical and surgical sites were se- tory canal.
lected to provide information about the growth of the

a temporal bone in the anterior, posterior and lateral Lateral surface:
planes (Table ll; Figs. 1-4). 13) Posterosuperior point of Macewen's triangle (PMT):

1) Round Window (R W): The anteroinferior part Posterosuperior point of the suprameatal (Macewen's)
of the orifice, approximating the site of the crista triangle.
fenestra, was selected as the reference site. In cochlear 14) Mastoid tip (MA): The most inferior point.

15) Stylomastoid foramen (STY): The external orifice.

Mastoidectomy cavity:

16) Sino-dural angle (SD): Most posterolateral point.
17) Sigmoid sinus (SIO): Where it produces most anteri-

orly.
18) Digastric ridge (DIR): Most caudal point.
19) Facial canal (FAC): The midline of its vertical course.

implantation, the round window can be the electrode
entry point into the scala tympani and is therefore an
important landmark.

2) Oval Window (OW): The most anterior rim of
the stapes footplate was selected as a landmark. It
can be used as a reference for the inner and middle
ears, as well as the ossicular chain.

3) Lateral semicircular canal (LS): The most

prominent (lateral) part of the canal, as it presents
Fig. I. Left temporal bone illustrating a number of after mastoidectomy, is an important surgical land-
anatomical sites on its lateral surface used in the present ar matoide t s a i nt sur land-
study. Inferolateral tympanic point (ITP); Mastoid tip mark, that represents the labyrinthine part of the
(MA); Posterosuperior point of Macewen's triangle inner ear. It is usually identified during cochlear
(PMT); Porion (PO). implant surgery.
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Postnatal temporal bone growth 9

Fig. 2 Higher power view illustrating the tympanic ring Fig. 4. A left temporal bone illustrating a mastoidectomy,
.2 and the tympanic part of the human temporal bone. posterior tympanotomy and a receiver-stimulator bed for

Mandibular fossa (M); Greater tympanic spine (TSP); cochlear implantation. Digastric ridge (DIR); Facial canal
Tympanic sulcus (TSU). Note that open symbols with (FAC); Sino-dural angle (SD); and Sigmoid sinus (SIG).
arrows indicate that the point is located underneath overly-
ing bone.

E 5) Arcuate eminence (ARC): The most prominent
2 (middle) part of the arcuate eminence on the floor of

the middle cranial fossa represents the underlying
superior semicircular canal and is useful for measure-
ments of the inner ear.

6) Internal auditory canal (IAC): The most poste-
rior point on the rim of the internal auditory canal
was selected as a landmark as it is easily detectable. It
is the most medial point of measurement in our
study.

7) Fossa incudis (Fl): We used a site where the tip
of the short processes of the incus comes closest to
the floor of the mastoid antrum. This is also the
posteromedial part of the small bony buttress that is
created by the posterior tympanotomy, and can be
used as an electrode fixation site. It represents the
most posterior part of the middle ear space and the
ossicular chain, as well as the medial border of the

Fig. 3. The medial surface of a left temporal bone illustrat- mastoid cell system.
ing the arcuate eminence (ARC) and the internal auditory
canal (IAC). 8) Umbo (UMB): The most lateral aspect of the

tip of the manubrium of the malleus was identified. It
is in the central part of the tympanic membrane and

4) Promontory (PR): The most lateral aspect of can therefore be used for evaluating the middle ear,
the promontory, where crossed by the tympanic nerve the external ear canal and the ossicular chain.
(Jacobson's nerve) was chosen for our study. Al- 9) Tympanic spine (TSP): At the medial end of the
though anatomically difficult to define, it is an impor- tympanomastoid fissure and just posterior to the
tant landmark detectable on X-rays. It represents the notch of Rivinus, lies the greater (posterior) tympanic
otic capsule around the first part of the basal turn of spine. It is close to the osseous annulus and where the
the cochlea. The site for an electrode insertion via a mallear fold inserts into the squamous bone.
cochleostomy would be slightly posteroinferior to this 10) Tympanic sulcus (TSU): This is the site, where
point. Its location in relation to the tympanic mem- the chorda tympani is closest to and crosses under the
brane and ossicles is important in assessing postnatal posterior aspect of the tympanic annulus, as its entry
middle ear development. point to the tympanic cavity. It is the anterolaterall 7-LI
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10 M.C. Dahm et al.

extreme border of the facial recess, a lateral border of a microscope. The precision of the callipers allowed
the middle ear cavity and the medial border of the measurements in steps of a quarter of a millimetre.
external ear canal. Its location limits the facial recess Repeated measurements by two examiners on the
access route to the implantation site of the electrode same bone showed good reproducibility. In several
array. specimens some landmarks were destroyed on re-

11) Inferolateral tympanic point (ITP): This is the moval of the temporal bones, therefore some distance
most inferolateral point of the osseous external audi- measurements have less than 60 samples.
tory canal. It is useful for assessing the lateral growth The data were transferred to a database (Microsoft
of the tympanic bone. In very young children the Excell) and evaluated statistically according to their
posterior tympanic tuberosity of the tympanic ring age with a statistical program (CSS). The samples
was used. were broken down into 10 different age groups (<6

12) Porion (PO): The supramastoid crest (linea months; 6-12 months; 1-2 years; 2-4 years; 4-6
temporalis), where it is closest to the superior aspect years; 6-8 years; 8-10 years; 10-14 years; 14-18
of the external auditory canal (Frankfurt plane) was years and >18 years) and the mean and standard
used as a landmark that is identifiable on X-rays. deviation (SD) calculated for each group. Evidence of

13) Posterosuperior point of Macewen's triangle statistically significant growth as a function of age
(PMT): The upper posterosuperior angle of the was determined using multiple analysis of variance
suprameatal (Macewen's) triangle was used because it and the Newman-Keuls test.
is a surgical landmark. In cochlear implant surgery
ties for the fixation of the leadwire are often placed

RESULTSnear here.
14) Mastoid tip (MA): The most inferior point of General observations

the mastoid process was used for our measurements The macroscopic appearance of temporal bones differ
to demonstrate the lateroinferior growth of the mas- significantly with age. The most obvious difference
toid. was the absence of the mastoid process and the

15) Stylomastoid foramen (STY): The external immaturity of the bony part of the external auditory
orifice of the Fallopian canal, located in the adult canal in the temporal bones from children under one
behind the mastoid process, can provide information year of age. At the site of the later mastoid process,
about the extension of the mastoid process and the the lateral surface of the temporal bone simply curves
development of the facial canal, to a more horizontal plane that merges with the skull

16) Sino-dural angle (SD): The most lateral point base. The surface of the stylomastoid foramen lies
of the angle made between the sigmoid sinus and the superficially in the anteroinferior part, where it meets
roof of the mastoid cavity (Citelli's angle) was the site with the posteroinferior margin of the incomplete
on the sino-dural angle used. It is the most posterior ring of the tympanic bone. The stylomastoid foramen
part of the pneumatised area of the mastoid and and the facial nerve are consequently exposed on the
approximates the implantation site of the receiver/ inferolateral surface of the temporal bone in children

a stimulator in cochlear implant surgery. under one year of age. In the specimens from older
17) Sigmoid sinus (SIG): We selected a point that children, these structures are more protected and

protrudes most anteriorly towards the posterior wall hidden between the developing mastoid process and
of the external auditory canal. If prominent, the the external auditory canal.
sigmoid sinus can restrict access for creating a poste- At term, the external auditory canal exists only as
rior tympanotomy and exposure of the round window. a shallow bony ring surrounding the relatively su-

18) Digastric ridge (DR): The most caudal point perficial tympanic membrane. In the older specimens
of the digastric ridge was selected as seen from inside a bony canal is present, and the tympanic membrane
the mastoid cavity after a complete mastoidectomy. is less exposed. In children under one year of age the

19) Facial canal (FAC): The centre of the vertical posterior petrosquamous suture was always de-
(mastoid) part of the Fallopian canal was selected, at tectable on the lateral surface of the mastoid part,
a point where it is closest to the osseous tympanic and could be followed into the depth of the temporal
annulus, and where the chorda tympani enters the bone during dissection. The suture runs in an oblique
middle ear cavity. The vertical section of the facial fashion from posterosuperior to anteroinferior across
nerve limits the posteromedial border of the facial the mastoid part of the temporal bone starting just
recess and consequently can restrict access to the posterosuperior to the tympanic ring. During dissec-
round window. tion the suture was found to descend through the

The distances between these anatomical landmarks mastoid, resulting in an anteriorly directed septum
were measured using precision callipers and the aid of that was always found to be lateral to the facial
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Postnatal temporal bone growth II

canal. In the young it consists of a rather thick layer Porion -Sino-dural angle
of dense bone and cartilage. In children older than
two and in adults, a vestigium of this suture was 4s

occasionally seen as a thin bony plate, known as 40 a
Krner's septum. A limited number of aerated cells
were found even in the youngest temporal bones. The 3s

digastric ridge was not detectable in children under 30 

one year of age due to the virtual absence of the 9
mastoid process. I

The arcuate eminence, particularly in the older 1 20

children and adults, was not always exactly represent- a I
ing the underlying superior semicircular canal due to
the variable presence and extent of perilabyrinthine to
air cells. 5

The facial canal and the chorda tympani in the
younger children were always found to be signifi- a

c0< 0.5 1< 2 < 4< 8< 8< t 10 4
cantly more superficial in the inferior part of their 0.5 a< 2 4 6 e t0 18

intramastoid or vertical course. 14 1s

As with previous studies, we first evaluated the Aa years)
growth pattern of the temporal bone detectable exter- Fig. S.
nally. Then the development of the various parts of
the bone were examined in more detail by using the The depth of the temporal bone is expressed by the

5 internal and external landmarks representing these distance from the porion to the posterior rim of the

parts. Finally, we analysed the growth changes with internal auditory canal. Beside a rapid growth period
between these anatomical points in the second year ofrespect to cochlear implantation. While these growthexhibited

changes are summarised in figure form throughout
the text, a more detailed analysis of the growth gradual and steady growth until adulthood (Fig. 6).
changes is presented in Table form in the Appendix. A statistically significant difference (p <0.05) in the

distance between these points was only present for

The general growth of the temporal bone: children under one year of age (mean: 22.5 mm, SD:
Measurement of external reference points 2.8 mm) when compared with both older children

The general growth pattern of the temporal bone was (>one year of age) and the adult group (mean:
evaluated by examining the change in the distances 30.75 mm, SD: 5.3 mm). The temporal bones of older

between some externally detectable landmarks. These children (>one year) showed no statistically signifi-
landmarks include the porion, the mastoid tip, the cant difference with that of the adult group.
internal auditory canal, the arcuate eminence, the Porion -Internal auditory canal

O sino-dural angle, the inferolateral tympanic point and
the stylomastoid foramen (Table II). 4o

The anteroinferior extension of the temporal bone
can be assessed from the distance between the supe- 3s

rior margin of the external auditory canal-the po- 3o ? 0
rion and the most posterolateral point of the a
sino-dural angle. A moderate increase in the anteroin- 9 25
ferior extension of the temporal bone was observed . .

8 20 I
with increasing age (Fig. 5). A statistically significant :
difference of 11.4 mm (p <0.05) was detected be- 2 is
tween children under 6 months (mean: 21.6 mm, SD:
4.1 mm) and the adult group (> 18 years; mean: 10

33.00 mm, SD: 7.37 mm). While this measure exhib-
ited a relatively large variance, the youngest age
group occasionally exhibited a statistically significant 0

difference (p <0.05) with older children (6-8 and 0 05 1 2 < 6 8 10 14
0.5 'I 2 4 8 8 10 < < I

14-18 years). Children older than 6 months showed 14 18

no statistically significant difference with the adult Ag* (yars)

group. Fig. 6.
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12 M.C. Dahm et al.

Mastoid tip - Porion Mastoid tip - Stylomastold foraren

40 - 25

2se

0E 15 a 110
15 10

10 a

5
5

- I I i
0< 05 1< 2< 4< 6< 8< 10 14 0< 0.5 1< 2< 4< 6< 8< 10 14
05 <1 2 4 6 8 10 < < 16 0.5 <1 2 4 6 8 10 I < 18

14 18 14 18
Age (year) Age yeas)

Fig. 7. Fig. 8

The distance from the porion to the tip of the internal auditory canal - Mastoid tip
a mastoid process provides an indication of the supero-

inferior growth of the temporal bone along the lateral 4s

surface (Fig. 7). In the youngest children only a o
shallow bony elevation on the inferolateral part of
the temporal bone posterior to the stylomastoid fora- 25

men could be identified as the beginning of the devel- so
opment of the mastoid process. Continuous growth ?
with age was observed. The mean distance between I *
these reference points was 17.1 mm (SD 1.5 mm) for fl2 0

- children under 6 months, and 33 mm (SD 1.87 mm) a
in the adult group, representing growth of approxi-
mately 16 mm. This difference was highly statistically 10

significant (p <0.0002). After a period of rapid s
growth through the first 6 years of life, the growth

o rate is reduced until a final brief period of growth in a
a 0< 0.5 1< 2< 4< 8< B 10 14
adolescence. 05 < 2 4 e a to < I's

The significant superoinferior extension of the tem- I1 18

poral bone was also reflected in the growth between
the mastoid tip and the stylomastoid foramen (Fig. Fig. 9.
8). From 5.37 mm (SD 1.4 mm) in children under 6
months it developed to 17.25 mm (SD 4.59 mm) in toid-arcuate eminence growing from 18.36 mm (SD
adulthood. Again this growth is highly statistically 1.85 mm) to 28.0 mm (SD 1.2 mm). This period of
significant (p <0.0002) with the most rapid growth rapid growth accounts for almost half the total
occurring in the first two years of life. growth observed between these anatomical sites.

A similar growth pattern was seen between the The distance between the internal auditory canal
mastoid tip and both the internal auditory canal and the arcuate eminence, in contrast, exhibited a
(21 mm; Fig. 9), and the most prominent point of the slight but not significant increase with age (p > 0.05;
arcuate eminence (26 mm). In both cases the extent Fig. 10).
of growth was statistically significant from newborn The greatest change in distance was found between
to adulthood. The growth profile showed rapid ex- the sino-dural angle and the mastoid process (Fig.
pansion in the first year of life, with the mastoid-in- 11). In children under 6 months, 18.97mm (SD
ternal auditory canal growing from 19.1 mm (SD 3.61 mm) was the average distance between these two
0.65 mm) to 28.0 mm (SD 0.71 mm), and the mas- anatomical points. The same landmarks were found
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Postnatal temporal bone growth 13

Internal auditory canal -Arcuste eminence Internal auditory canal -Sino-dural angle

1 0 45

6 35

2 30

10 : :2I 5

Ja I
6 '

4 1

-0 I i I I I I 0 I i i

0< 0.5 1I< 2< 4< 6< 8< 10 14 > 0< 0.5 1< 2 < 4< 6< 8 10 14
0.5 <1 2 4 6 8 10 < 18 0.5 <i 2 4 6 8 10 c c 18

14 18 14 18
o Ag. (y..r) LA.e (years)

Fig. 10. Fig. 12.

Mastoid tip - Sino-dural angle
age (mean 32.0 mm, SD 3.53 mm), with a slower

o0 growth pattern then occurring until adulthood, where
the distance was 33.5 mm (SD 0.0 mm).

soa As shown above, statistically significant growth can
be observed between most of the prominent and
externally detectable landmarks of the temporal bone.

40
9 7This growth, however, is not uniform, and concurrent

* Iwith these changes in overall dimensions, a change in
the shape and appearance of the temporal bone takes

. place. These dimensional changes would appear to
20 result from differential patterns of growth in the

o 'various parts of the temporal bone.
0 10

Specific regional growth patterns of the human
a2 temporal bone

o< 0.5 1< 2 4< 6< e o0 14 Various anatomical regions of the temporal bone
0.5 <1 2 4 6 8 1o <1 is were examined both separately, and in relationship to14 18

Age (,4. one another by examining growth between specific

Fig. 11 external and internal reference points.

(i) Inner ear and bony labyrinth
to be almost 26 mm further apart in the adult tempo- The round and oval windows, promontory and the
ral bone (mean 44.57 mm, SD 5.8 mm) and was lateral semicircular canal were the anatomical land-
highly statistically significant p <0.0002). Moreover, marks selected to represent the cochlea and labyrinth
this growth occurred at a relatively even rate until (Table II). The mean distance between the round and
adulthood, with all age groups below 10 years ex- oval windows fell within a range of 4.1-4.5 mm with
hibiting a significant difference compared with the an average standard deviation of just 0.34 mm (Fig.
adult dimensions. 13). There was no evidence of significant growth

The extent of growth between the internal auditory between these points from birth through to adult-
canal and the most posterolateral point of the sino- hood. The promontory was an average of 3.88 mm
dural angle, basically along the posteromedial edge of (SD 0.43 mm) from the crista fenestra of the round
the temporal bone, was less extensive (Fig. 12). From window and again no evidence of growth between
24.8 mm (SD 3.71 mm) in the youngest group, a these points was observed (Fig. 14). The lateral semi-
period of faster growth was seen until two years of circular canal, although further away and somewhat
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14 M.C. Dahm et al.

Round window -Oval window Round window -Lateral semicircutar canal

2 12
7

4 41.5

411 0
3.5 i
31 E

p2.5 16
2 t

Q.5 4

05 <1 2 4 6 a 10 < < 18 0.5 <1 2 4 6 8 10 < < 18
14 18 14 18

Age (years) Age (yeara)

Fig. 13. Fig. IS.

Round window -Promontory Lateral semicircular canal -Oval window

5 10

3.5 * *9

32.5 5

2 4

1.5 3

1 2

&0 i I 1 0 i

01 0.5 1 2< 4< 6< a< 10 14 0 0.5 1< 2< 4< 6< 8< 10 14 >
05 2 4 6 18 0.5 <1 2 4 6 a 10 <1

214 1$ 14 1

Fig. 14. Fig. 16

more difficult to define as the most lateral point on a mean distance between the arcuate eminence and the
curved surface, was in all age groups almost the same lateral semicircular canal was 9.69 mm (SD 1.23 mm;
distance with a mean of 9.2 mm (SD 0.81 mm) from Fig. 18), and the arcuate eminence to the round
the round window (Fig. 15); 8.19 mm (SD 0.85 mm) window was 13.73 mm (SD 1.69 mm; Fig. 19).
from the oval window (Fig. 16); and 9.89 mm (SD However, some increase in length was noted be-
1.43 mm) from the promontory (Fig. 17). No signifi- tween the internal auditory canal and the anatomical
cant change as a function of age was observed in any points representing the tympanic side of the inner ear;
of these measurements. the round and oval windows and the promontory.

The dimensions across the labyrinth to the promi- The distance between the internal auditory canal and
nence of the superior semicircular canal, and subja- the round window varied from 8.25 mm (SD
cent to the arcuate eminence, showed no statistical 0.63 mm) in children under 6 months of age, to
evidence of growth across age groups, although these 11.5 mm (SD 2.83 mm) at adulthood (Fig. 20). Due
data were subject to a somewhat larger variance. The to the relatively large variance associated with these
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Postnatal temporal bone growth I5

Lateral semicircular canal - Promontory Round window - Arcuate eminence

12 18
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0< 05 1< 2< 4< 6< 5< 10 14 > 0< 0.5 1< 2< 4< 6< 8< 10 14
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Fig. 17. Fig. 19.

Lateral semicircular canal - Arcuate eminence Round window - Internal auditory canal
a

12 14

14 1121
10 0

Fig 18.i. 20I

I 4

2 2

O, a 0. I II

0 0. 05 1' 2< 4< 8 8< 10 14 > 0 0.5 1 2< 4< 6< 8< 10 14
<c 05 < 1 2 4 6 a 10 18 05 < 1 2 4 a 8 10 < a

Ago (year) Age (yers)

Fig. J&. Fig. 20.

data there was no evidence of statistically significant (ii) Ossicles
growth between age groups. However, two periods of The umbo of the malleus, the tip of the short process
rapid growth were apparent, one occurring in the first of the incus, and the most anterior rim of the stapes
two years of life and the second during early adoles- footplate (oval window) were the reference points
cence. Similar patterns of growth were observed be- selected to examine growth among the three ossicles
tween the internal auditory canal and the promontory (Table Il). There was no evidence of statistically
and oval window. significant growth observed between any of these

In summary, the present results indicate that the three landmarks. The overall mean distance between
inner ear and labyrinth have the same dimensions at the tip of the short process of the incus (Fl) and the
term as they will as an adult. The only exemption stapes footplate (.OW) was 7.80 mm (SD 0.91 mm;
seems to be the area around the internal auditory Fig. 21); 7.87 mm (SD 0.83 mm); between the incus
canal, which exhibits limited growth after birth, and the tip of the long process of the malleus 280
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16 M.C. Dahm et al.

Fosse incudis - Oval window Tympanic membrane (Vertical diameter)
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Fig. 21. Fig. 23.

(UMB); and 4.47 mm (SD 0.71 mm) between the umbo approximates the centre of the tympanic mem-
oval window and the malleus. All ossicles appeared to brane, where the tip of the manubrium mallei inserts.
be adult size at term and showed no sign of postnatal The distances between the umbo and both sites along
growth. the osseous annulus showed no significant change

with age (all p > 0.05), indicating the morphological
(iii) Tymnpanic membrane maturity of the tympanic membrane at term. The
Direct measurement of the horizontal and vertical mean distance between the umbo and the tympanic
diameters of the tympanic membrane showed no spine-where the posterior ligament of the malleus
evidence of postnatal growth (Figs. 22 and 23). The inserts into the osseous annulus-was 5.89 mm (SD
mean diameters were 9.14 mm (SD 0.59 mm) and 0.43 mm) across all age groups, while the mean dis-
9.15 mm (SD 0.44 mm) respectively. tance between the umbo and the tympanic sulcus was

The tympanic spine and the tympanic sulcus adja- 5.95 mm (SD 0.53 mm). Finally, the distance between
cent to the posterior canaliculus for the chorda tym- the tympanic sulcus and the tympanic spine also
pani, are landmarks of the osseous annulus, and the showed no evidence of significant growth. A mean

Tympanic membrane (Horizontal diameter) distance across all age groups was 6.55 mm (SD
0.77 mm).

10

9 (iv) Middle ear

8 . . The space of the middle ear is expressed by the
reference points of the tympanic membrane (tym-
panic sulcus and umbo) laterally, the round window,

E 6oval window and the promontory medially, and the
4. short process of the incus (FI) posteriorly (Table 11).

Our results indicate no statistically significant growth
a between any of these landmarks during postnatal

development. The umbo was an average 2.1 mm (SD
21 0.51 mm) from the promontory; 5.05 mm (SD

0.51 mm) from the round window (Fig. 24); and
4.47 mm (SD 0.71 mm) from the oval window. The

- o tympanic spine was a mean distance of 9.34 mm (SD
0 Y - V V V A 1.0 mm) to the round window; 7.45 mm (SD

a - 0.76 mm) to the promontory; and 5.02 mm (SD
A U1.0 mm) to the fossa incudis. The tympanic sulcus

Fig. 22. was 7.12 mm (SD 1.05 mm) from the round window
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Postnatal temporal bone growth 17

Round window - Umbo inferolateral tympanic point inferiorly and the upper
posterior point of Macewen's triangle posteriorly
(Table II). The deep medial part is again represented

9j'by the tympanic membrane (TSP, TSU and UMB).
5 .1 .The width of the orifice of the external auditory canal

.was expressed by the porion, the posterosuperior
point of the suprameatal triangle, and the inferolat-
eral tympanic point. Although Macewen's triangle
and the porion are not part of the tympanic bone,
they have a close relationship to, and are at the level
of, the lateral orifice of the external auditory canal.
The inferolateral tympanic point of the tympanic

2 bone shows a significant increase in its distance to the
porion (p <0.01) and the posterosuperior point of
Macewen's triangle (PMT; p <0.02) from birth to
adulthood. The distance between the inferolateral
tympanic point and the porion increased 4.55 mm

a0,II (18.45mm, SD 2.37 mm to 23.0 mm, SD 2.74 mm)
V " T ; and the inferolateral tympanic point to the posterosu-

Age 0YOM) 0perior point of Macewen's triangle increased 9.8 mm
e (14.8 mm SD 3.5 mm to 24.56 mm SD 3.78 mm) over

Fig. 24. this period. Between the same age groups, the dis-
tance from the porion to the posterosuperior point of

Round window -Fossa Incudis Macewen's triangle increased 3.92 mm from 5.95 mm
(SD 2.9 mm) to 9.87 mm (SD 1.66 mm). This growth

12 was also statistically significant (p <0.05).
The depth or lateral extension of the external audi-

10 T tory canal along its roof can be evaluated by measur-
ing the distance between the porion and the tympanic

. i * * !spine. Our results indicate that this dimension more
than doubles its original length from birth to adult-

I hood (<6 months 7.36 mm SD 1.6 mm to 15.5 mm
SD 1.73 mm in the adult group; Fig. 26), and the
extent of this growth is highly statistically significant

Porion - Tympanic spine

0 916
0< 05 1< 2, 4< 6< 8< 10 14
0-5 < 1 2 4 6 8 10 <I 1

05 1 2 4 61 14 1 18 14
Age (yars)

12

Fig. 25 10

and 4.51 mm (SD 0.63 mm) from the fossa incudis. o
Finally, the fossa incudis was a mean distance of 6
9.12 mm (SD 0.85 mm) from the round window (Fig.
25) and 9.02 mm (SD 0.98 mm) from the promon-
tory. As observed with the inner ear, the ossicles and 2
the tympanic membrane, the middle ear showed no
evidence of significant postnatal growth. O0 0.5 1 2< 4< 6< S 10 14

0.5 <1 4 6 8 10 .c 1

(v) External auditory canal 14 lo

The lateral superficial border of the external auditory A.
canal can be defined by the porion superiorly, the Fig. 26.
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18 M.C. Dahm et al.

(p <0.0002). The majority of this growth occurs in Interolateratympanicpoint-umbo

the first 2-4 years of life. For example, 1-2 year old
25

children have already completed almost half of the
expected increase (11.3 mm; SD 2.02 mm), and ex-
hibit a significant difference compared to the <6 20 e

month group (p <0.004). Similar patterns of growth I 0

were experienced when measuring from the porion to
either the round or oval windows. The porion to the E a * 
round window measured 16.2 mm (SD 2.2 mm) in the
youngest group and 24.5 mm (SD 1.71 mm) in adults, a I
while the portion to the oval window was 14.1 mm 01

(SD 2.02 mm) in children under 6 months and
22.81 mm (SD 1.87 mm) in adults. Again, about half *
the growth took place before two years of age.

The posterolateral border of the external auditory 0

canal, approximated by the posterosuperior point in o' 0.5 1, 2< 4' 6 6< 10 1 >

Macewen's triangle, showed a 9.6 mm increase in the 0.5 a1 2 4 6 a to to
distance from the tympanic spine during maturation

(8.58mm SD 1.55mm at <6 months to 18.19 mm
SD 1.53 mm at adulthood). In addition, the posterior Fig. 28

point of Macewen's triangle to the tympanic sulcus
showed a 7.83 mm increase (8.17 mm SD 2.93 mm at youngest group to 16.75 mm (SD 1.77 mm) in the

E <6 months to 16.0 mm SD 1.41 mm as adults). The oldest age group (Fig. 28). Unlike the growth be-
inferior part of the external auditory canal also tween the inferolateral tympanic point and the tym-
showed signs of lateral growth (Fig. 27). The distance panic spine, the majority of growth between the
between the inferolateral tympanic point of the tym- umbo and the inferolateral tympanic point occurred

panic bone and the tympanic spine increases signifi- during the first six years of life. In the youngest group
cantly (p <0.0005) from birth (12.05mm SD of children only a small bony protuberance of the
2.53 mm) to adulthood (20.19 mm SD 3.79 mm). In developing osseous ear canal was present which was
this case the majority of the growth appeared to take used as the landmark. This is reflected in a minimum

place during adolescence. In addition, a 10.88 mm distance of 5.87 mm between the inferolateral tym-
increase in the distance between the umbo and the panic point and the umbo and approximates the
inferolateral tympanic point was noted (p <0.0005). radius of the tympanic membrane as found in our
The range was 5.87 mm (SD 0.63 mm) in the measurements of the tympanic membrane (see

above). During the first year of life the proturber-
Tympanic spine - Interolateral tympanic point ances of the tympanic ring grow outwards and join

one another to form an anteroinferiorly situated tran-
25 sient opening (Huschke's foramen), which in our

study could be identified in seven of the 20 temporal
I0 bones between one and six years of age.

In all measurements involving the inferolateral
tympanic point, a rapid period of lateral growth was

s 1 observed through the first five years of life (e.g. Fig.
28). A second period of growth was also usually

I .0 observed during adolescence to complete the develop-
I *ment.

In summary the external auditory canal is subject
s to dramatic postnatal development. At term only an

incomplete tympanic ring is present. This rapidly
extends laterally during childhood and adolescence,

i5 I i I creating a bony canal of approximately 16 mm depth.
05< 5 1 2 4 6 B 10 <0 18 Thle inferior part of the external orifice undergoes

14 to some inferior migration resulting in a somewhat fun-
lne shaped external opening that is directed slightly

Fig. 27. inferiorly.
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Postnatal temporal bone growth 19

(vi) Mastoid Mastoid tip. Posterosuperlor point of Macowen's
triangle

The limits of the mastoid portion of the temporal
bone can be described by the mastoid tip, the sino- as
dural angle, the digastric ridge, the stylomastoid fora-
men and the posterosuperior point of Macewen's 3 a
triangle. The inferior limits are expressed by the 251
lateral semicircular canal, the fossa incudis and the

signoid sinus (Table II). t 20

The posterior extension of the mastoid, expressed .
by the distance between the posterosuperior point of ais
Macewen's triangle and the sino-dural angle, under- a
goes significant growth during the maturation period fo
(18.34mm SD 3.9mm in the <6 month group to 5

5-
27.36 mm SD 7.42 mm in adults; p <0.01). This
growth tended to increase gradually throughout a . : : 141

childhood with a brief period of rapid growth late in a 0.s 1 2c 4 e a o 14

adolescence (Fig. 29). In addition, these data showed 0.5 1i 2 4 6 8 10 i s Ie

considerable variance at most age groups. Ag.. (y,

Growth superoinferiorly can be expressed by the
change in distance between the posterosuperior point Fig. 30.
of Macewen's triangle or the sino-dural angle superi-
orly, and the tip of the mastoid process inferiorly. crease; a mean difference of 25.6 mm was recorded
The human temporal bone undergoes significant between the youngest (18.97 mm; SD 3.61 mm) and
growth in this direction. Our data indicate that the oldest (44.57 mm; SD 5.79 mm) age groups. Al-
temporal bone grows an average 19.23 mm between though an accelerated growth pattern was observed
the mastoid tip and the posterosuperior point of during the first two years of life, mastoid tip develop-
Macewen's triangle from birth (12.33 mm; SD ment continued to occur throughout childhood and
3.32 mm) to adulthood (31.56 mm SD 3.07 mm; Fig. adolescence.

30); this amount of growth was highly statistically The development of the mastoid tip from, and its
significant (p <0.0002). Moreover, while the most relationship with the inner ear, is probably best ex-
extensive growth occurred in the first year of life, pressed by its distance to the fossa incudis and the

C
extensive growth was also observed in the 4-8 and lateral semicircular canal. These two landmarks rep-
14-18 year age groups. The sino-dural angle to mas- resent the medial and anteromedial borders of the

7 toid tip distance also underwent a considerable in- mastoid part of the temporal bone. The increases
noted were again highly statistically significant. The

Posterosuperor point of Macewen's triangle - Sino- total growth between the mastoid tip and the fossa
dural angle incudis was an average 23.6 mm (10.76 mm SD

1.64 mm, <6 months to 34.31 mm SD 2.89 mm, > 18I years; p <0.0002). Again, this growth occurred
throughout both childhood and adolescence (Fig.
31). A similar pattern of growth was observed be-

2 a|tween the mastoid tip and the lateral semicircular
? 0 oIcanal, with a total mean extension of 23.8 mm

I20 - (10.69 mm SD 1.86 mm, <6 months to 34.5 mm SD
2.42 mm, > 18 years).

The digastric ridge could only be detected in tem-
1o poral bones older than 6 months of age due to the

absence of a real mastoid process in the younger
s children. However, from 6-12 months to adulthood,

the distance to the medial surface of the mastoid tip
0 .< increased 9.75 mm (SD 1.06 mm). The most caudal

0< 0.5 1< 2< 4< S< S< 10 14 >
0.5 <1 2 4 5 a 1o Is point on the digastric ridge, however, is not in a fixed

14 Is position and undergoes an inferior displacement dur-
A9 (y) ing growth. This was demonstrated by assessing its

Fig. 29. relationship to the fossa incudis and the lateral semi- 2-9

Pagel50f3 ON18 1 . r i ITU,;,

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



20 M.C. Dahm et al.

Fossa incudis -Mastoid tip Fossa Incudis -Stylomastold foramen
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Fig. 31. Fig. 33.

circular canal. Between the second 6 months of life of life, growth continued at a reduced rate through to
o (1l.5 mm) and adulthood (21.75 mm), the distance adulthood.

Ca between the digastric ridge and the fossa incudis The lateral extension or depth of the mastoid
increased an average 10.25 mm (SD 2.47; Fig. 32). section of the temporal bone can be expressed by
Exactly the same amount of growth was noted be- the distance between the posterosuperior point of
tween the digastric ridge and the lateral semicircular Macewen's triangle and the lateral semicircular
canal. The stylomastoid foramen, in contrast, showed canal (Fig. 34), and the posterosuperior point of

is

less inferior migration with age than the digastric Macewen's triangle and the fossa incudis (Fig. 35).
-ridge. Mean increases of 5.9 and 6.4 mm were A statistically significant 10.42 mm (PMT-LS;

recorded between the stylomastoid foramen and the p <0.0002) and 10.17 mm (PMT-FI; p <0.0002) of

01

fossa incudis (Fig. 33), and the stylomastoid foramen lateral growth of the mastoid was noted. In both
gand the lateral semicircular canal respectively. While .cases, the majority of the growth occurred in the
othe majority of growth occurred within the first year first two years of life, although additional growth

Fossa incudis - Digastric ridge Lteral semicircular Canal - Posterosuperior point of
0 Macewen's triangle

64

5 2

30

20

I i5

101

5
5

0 I I 0
0< Oi 1< 2< 4< 8< 8s 10 14 0< 0.5 1< 2< 4 6< 8< 10 14
0.5 <1 2 4 6 8 10 18 0.5 <1 2 4 6 6 10 18

14 18 14 is

Agerers) Age (yr)

Fig. 32. Fig. 34
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Postnatal temporal bone growth 21

Foss Incudis - Posterosuperior point of Macewen's Facial canal - Tympanic sulcus
triangle
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Fig. 35. Fig. 36.

periods occurred in the 4-8 and 14-18 year age to the facial recess and posterior tympanum can be
groups. achieved by sacrificing the chorda tympani and creat-

In summary, the mastoid part of the temporal ing an extended posterior tympanotomy.
bone presents with considerable postnatal growth In summary, the facial recess appears to be adult
along all three dimensions. Its surface grows laterally size at term and is therefore not subject to significant
from medially neighbouring structures of the inner postnatal development.
ear and the cranial fossa. It lengthens in the anteroin-
ferior direction and displays maximum growth super- (viii) Facial canal
oinferiorly with the development of the mastoid The site we choose as the landmark representing the
process. facial canal is situated deep and caudal to the

suprameatal (Macewen's) triangle. In the newborn it
(vii) Facial recess was found to be an average 8.4 mm (SD 3.2 mm)
The maximum possible access to the posterior sinus beneath the posterosuperior point of Macewen's tri-
tympani resulting from a simple posterior tympan- angle. In the adult, in contrast, bone of an average
otomy is outlined by the facial canal medially, the thickness of 15.5 mm (SD 1.41 mm) covered the fa-
tympanic sulcus laterally and the bony buttress that cial canal, indicating a relative medial displacement
constitutes the floor of the fossa incudis superiorly. of the canal some 7 mm (Fig. 37). The majority of

A measure of the width of the posterior tympan- this growth occurred during the first year of life with
otomy for access to the round window is the distance a secondary growth phase occurring at 8-10 years of
from the facial canal at the midline of its vertical age. In contrast, the distance between the facial canal
course, to the tympanic sulcus adjacent to the poste- and the neighbouring lateral semicircular canal or the
rior canaliculus for the chorda tympani. No change tympanic sulcus remained virtually constant. The
with age was noted between these two landmarks same was true for its distance to the round window.
(Fig. 36). The mean diameter across all age groups Across all age groups the facial canal to round win-
was 4.11 mm (SD 0.67 mm; p = 0.83). In addition, we dow distance varied between 7.3-8.0 mm (SD
found no significant change in the distance between 0.85 mm).
the fossa incudis on the one side and the tympanic The length of the vertical intramastoid part of the
sulcus or the facial canal on the other side. Here the facial canal was assessed approximately by the in-
mean values across all ages were 4.51 mm (SD crease in distance between the exit point of the facial
0.64 mm) and 5.35 mm (SD 1.19 mm) respectively. It nerve at the stylomastoid foramen and the lateral
should be noted, however, that the thickness of the semicircular canal-the point closest to the knee of
bony buttress underlying the fossa incudis, forming the facial canal where it turns horizontally into its
the superior border of the posterior tympanotomy, is tympanic part. A statistically significant growth of
included in these measurements. An increased access 5.9 mm was noted between the newborn (8.4 mm; SD
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Facial canal - Postarosuperlor point of Macewan's Round window - Sino-dural angle
triangle
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1.88 mm) and the oldest children (14.35 mm; SD Fig. 38.
1.99 mm).

tory. In the youngest group this distance was
Growth between surgical landmarks relevant for 25.45 mm (SD 4.14 mm) compared with 36.71 mm
cochlear implantation (SD 5.44 mm) in the adult group-a significant
The course of the cochlear implant leadwire and difference of 11.3 mm (p <0.0005). Moreover, the
electrode array within the temporal bone winds from distance between these points had grown 3.25 mm-
the implantation site of the receiver-stimulator subja- one third of its total growth-by 2 years of age
cent to the sino-dural angle, via variable fixation (28.7 mm SD 5.6 mm).
points and the facial recess, to the implantation site The course of the leadwire in a cochlear implant
at or near the round window. It passes through the patient, however, does not follow the shortest dis-
different parts of the temporal bone and the length of tance between the electrode entry point and the sino-
its course can be assessed by choosing a combination dural angle. The leadwire passes through the facial
of anatomical landmarks. Growth between the rele- recess (TSU, FI, FAC) and its course can therefore
vant anatomical landmarks will indicate the expected be divided into at least two anatomical sections. Our

6 growth changes likely to occur along the leadwire. To results indicate that almost all growth occurs between
provide this information, the growth between the the sino-dural angle and the facial recess. For exam-
electrode entry point and the receiver-stimulator must ple, a mean difference of 11.5 mm was seen between
be assessed. the sino-dural angle and the fossa incudis across age

In the present study the most posterolateral point groups (<6 months, 17.85mm SD 3.87mm; >18
of the sino-dural angle was chosen as the anatomical years, 29.36 mm SD 5.18 mm; Fig. 39). This differ-
landmark closest to the prospective implanation site ence was highly significant (p <0.0002). A rapid and
of the receiver-stimulator package. The direct dis- significant growth phase in the first four years of
tance between the sino-dural angle and the round 5.1 mm, was followed by more gradual growth rate
window increased significantly (p <0.0002) from through to adulthood. The distance from the fossa
23.5 mm (SD 4.36 mm) in the group under 6 months, incudis to the round window, in contrast, remains
to 35.14 mm (SD 4.77 mm) in the adult group (Fig. virtually constant (Fig. 25). In the present study a
38). An average growth of 11.6mm was observed non-significant (p = 0.759) increase of 0.6 mm could
between these two landmarks. In the 1-2 year age be detected between the youngest (9.0 mm; SD
group the average distance was 27.33 mm (SD 0.91 mm) and the oldest (9.56 mm; SD 0.86 mm) age
5.03 mm) indicating that approximately one third of groups. In addition, no significant growth (p = 0.87)
the postnatal development occurs during the first two was observed between the fossa incudis and the
years of life. The same pattern could be seen in the promontory from newborn (8.84 mm; SD 1.29 mm)
distance from the sino-dural angle to the promon- to adults (9.31 mm; SD 0.88 mm). The same pattern 1
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Postnatal temporal bone growth 23

Fossa incudis -Sino-dural angle Round window -Posterosuperior point of Macewen's
triangle
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Fig. 39. Fig. 40.

applies for the distance between the round window, tant to note that almost half of this growth was
8 and the facial canal and the tympanic sulcus, the two observed during the first two years of life. Virtually

other representative points within the facial recess. the same amount of growth-10.2 mm-was noted
The mean distance of the facial canal to the round between the posterosuperior point of Macewen's tri-
window was 7.7 mm (SD 0.85 mm) across all age angle and the underlying fossa incudis (Fig. 35), and
groups. The tympanic sulcus was an average 7.12 mm is in accordance with the previously noted invariabil-
(SD 1.05 mm) away from the round window. ity of the distance between the fossa incudis and the

In addition, it has been recommended to secure the round window (Fig. 25).
leadwire in order to stabilize it and to prevent elec- The overall growth of a line drawn along a lead-
trode slippage post implantation (31, 32). Fixation wire positioned from the sino-dural angle to the
points are usually situated at the periphery of the posterosuperior point of Macewen's triangle and
mastoid exenteration. Anteriorly, the posterior wall finally to the round window, indicates an average
of the bony external auditory canal has been used. change in distance of 20.0 mm from the <6 month
More superficially the superior (PMT) or the inferior old child (33.8 mm; SD 4.50 mm) to the adult group
(MA) margin of the mastoidectomy have also been (53.8 mm; SD 8.56 mm; Fig. 41). This distance is
used for this purpose. The posterosuperior point of greater than the expected growth measured directly
Macewen's triangle, which approximates a site where between the sino-dural angle and the round window
a Dacron tie is often used for the fixation of the (Fig. 38). Moreover, this growth occurs throughout
leadwire, shows significant signs of postnatal develop- both childhood and adolescence at a relatively uni-
ment along two different axes, the mediolateral and form rate.
the posteroanterior. In the latter case the distance The largest growth changes, however, occurred in
from the sino-dural angle to the posterosuperior the mastoid. The distance from the mastoid tip to the
point of Macewen's triangle shows statistically signifi- round window exhibited a total mean increase of
cant growth of 9.0 mm (p <0.01) between the <6 21.3mm; from 11.8mm (SD 1.77mm) in the
month group (18.34mm, SD 3.9 mm) and adults youngest group; 19.67 mm (SD 0.29 mm) in the 1-2
(27.36 mm, SD 7.42 mm; Fig. 29). Between all older year olds; and finally 33.13 mm (SD 2.37 mm) in the
age groups (i.e. >6 months), however, growth was adult group. The distance from the mastoid tip to the
not significant. Even more growth is observed in the sino-dural angle exhibits even greater growth;
mediolateral direction. From the round window to 18.96 mm (SD 3.61 mm) in the youngest age group;
the posterosuperior point of Macewen's triangle, an 24.83 mm (SD 2.93 mm) in the 1-2 year olds; to
average of 11.0 mm of growth was recorded from the 44.57 mm (SD 5.79 mm) in adults. The extensive
youngest (15.15 mm, SD 2.4 mm) to the oldest group postnatal growth of the mastoid tip indicates that this
(26.12 mm, SD 2.18 mm; Fig. 40). Again, this growth region of the mastoid should be avoided when rout-
was statistically significant (p <0.0002). It is impor- ing the leadwire during cochlear implantation. Zg
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24 M.C. Dahm et al.

Total growth clong the path of the leadwire terms of ethnic background or sex was used. A
o considerable variation in size between the individuals

in each age group was, therefore, to be expected and
only growth greater than this variance was noted.

The present results showed that the temporal bone
is subject to considerable postnatal change in its
overall size as well as in its shape. Our findings
associated with the inner ear confirmed the well
known fact of its adult size at term (11-15). The
internal auditory canal is subject to postnatal length-

ao ening of more than 3mm at its posterior (lateral)
rim. The petrous apex has been described as undergo-

o -ing significant medial growth postnatally and results
subsequently in the lengthening of the internal audi-

I I I I tory canal (14).
In the middle ear we were able to confirm previous

0< 0.5 1< 2< 4< 6< 8< 10 14 > reports about the maturity of the ossicles and the
0.5 <1 2 4 8 8 < 8 tympanic cavity (18, 20). We did not include in our

Age (yecrs) study measurements of the inferior part of the tym-
panic ring and therefore, cannot comment on any

Fig. 41. widening of the posterior hypotympanum as de-
scribed by both Proctor (18) and Spector (20).

A bulging sigmoid sinus can hinder the access to Our measurements of the facial recess indicate that
the facial recess and complicate cochlear implant it is adult in size at birth. With an average width
surgery. The proximity of the most prominent part of between the tympanic sulcus and the facial canal of
the sigmoid sinus was assessed by measurements of its 4.1 mm, the present result is in the same magnitude as
distance to the landmarks of the facial recess: the reported by previous authors (24, 25, 33, 34). In
facial nerve, the tympanic annulus and the fossa addition, we demonstrated that the border of the
incudis. We saw no evidence of statistically significant facial recess, represented in our study by the facial
growth as a function of age, although considerable canal, the tympanic sulcus and the fossa incudis,
variance was noted. A mean distance of 13.28 mm shows no sign of growth away from the round win-
(SD 2.26 mm) was observed between the tympanic dow.
annulus and the sigmoid sinus. A range of values The present findings indicated a substantial cen-
from 8.50-19.00mm were measured for the distance trifugal growth of the lateral parts of the temporal
between the fossa incudis and the sigmoid sinus. The bone. All structures situated lateral to the middle ear,
closest structure to the sigmoid sinus was the facial the facial canal and the tympanic membrane, showed
canal. A mean distance of 9.84 mm (SD 2.34 mm) significant outward growth resulting in a relative
was recorded between these points. inward shift of the inner and middle ear structures.

The relationship of the sigmoid sinus to the struc- The lateralization of the surface is most obvious in
tures relevant for cochlear implant surgery reveal no the development of the external auditory canal. A
significant changes across age groups. Moreover, not small incomplete ring at term, it develops into a
one of the dissected temporal bones presented with a clearly formed canal of more than 8 mm in depth.
sigmoid sinus that was protruding to an extent that This growth is most pronounced during the first two
would have made cochlear implantation impossible. years of life (Fig. 26), but is found to continue

Finally, the surgical procedure of cochlear implan- through to young adulthood. The mastoid part of the
tation was found to be feasible in all sixty temporal temporal bone was found to undergo the same
bones regardless of age. amount of lateral growth as the external auditory

canal. An increase of approximately 10 mm in the
DISCUSSION thickness of the mastoid bone overlying the fossa

incudis, lateral semicircular canal and the facial canal
The present results describe direct anatomical mea- was observed between the newborn and the adult.
surements performed on 60 cadaver specimens in In addition to the lateral extension, there is consid-
order to evaluate the growth pattern of the human erable growth of the mastoid in the superoinferior
temporal bone. The population of specimens was and anteroposterior directions. The mastoid tip
considered to be representative and no selection in shows extensive growth of approximately 20 mm su-
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Postnatal temporal bone growth 25

peroinferiorly during development. The extension of cal procedure and the electrode array fed through.
the mastoid part in the anteroinferior direction was Distally, the mastoid is subject to extensive growth
found to be approximately 9 mm along the surface and would not be suitable for fixation. The anterolat-
from the posterosuperior point of Macewen's triangle eral border of the facial recess consists of the poste-
to the sino-dural angle. Across the mastoid, the rior wall of the external auditory canal and the
growth in the distance from the fossa incudis or tympanic ring. These structures, due to their extensive
lateral semicircular canal to the sino-dural angle was postnatal development, are also not suitable for fixa-
approximately 12 mm. tion. The facial recess is limited inferomedially by the

These are important findings for cochlear implant facial canal. This is a very unlikely fixation point
surgery because they indicate that the inferior and because of the imminent risk of facial nerve damage.
lateral extension of the mastoid can have a significant At the superior border of the facial recess is a small
effect on electrode leadwire positioning. Any place- buttress of bone, located just underneath the tip of
ment or fixation of a leadwire near the bony external the short process of the incus; the fossa incudis. This
auditory canal of a growing child would be exposed buttress is suitable for the placement of a suture or a
to an increased risk of displacement of the electrode similar fixation method (31) as it does not exhibit
array due to subsequent post-operative growth. A postnatal growth relative to the cochlea, it is in line
canal route or fixation of the electrode array at the with the usual course of the leadwire, and is easily

posterior canal wall has been described and is used in accessible during the surgical procedure.
adult patients (31). Beside the increased risk of canal To accommodate the growth of the temporal bone
skin erosion as reported by Webb (31), we consider after cochlear implantation it may be necessary to
this approach unsuitable for use in children. design a leadwire system that is capable of expanding

Fixation of the electrode leadwire at the inferior as proposed by a number of investigators (35, 36).
margin of the mastoidectomy cavity in children is not Having outlined the optimum fixation sites for the
recommended due to the extensive growth changes in internal and cortical fixation, we can now assess in
the mastoid tip region. In children under one year of detail the requirements for such a leadwire system. A
age, the mastoid process is absent and any fixation of leadwire, that is implanted during the first six months
the electrode leadwire near the prospective site of after birth, will, until it reaches adult size, be subject
mastoid tip development may be subject to maximal to an average extension of approximately 12 mm

expansion during maturation. Fixation of the lead- inside the temporal bone. Between the sino-dural
wire at the anterosuperior margin of the mastoidec- angle and the round window, the smallest distance in
tomy cavity would also result in a significant increase the youngest group was 19 mm (mean 23.95 mm; SD

- in the risk of electrode displacement because it is 4.38 mm), and the longest distance in the adult group
influenced by both the lateral and the posterior 43 mm (mean 35.14 mm; SD 4.76 mm). A leadwire
growth of the temporal bone. An electrode leadwire, lengthening system should match these minimum and
secured at the posterosuperior point of Macewen's maximum sizes of the mastoid and be, therefore,
triangle in a newborn, would be subject to approxi- capable of up to 25 mm of extension.

o mately 20 mm of growth if routed between the sino- One of the most important factors influencing the
dural angle and the fossa incudis. Along a leadwire amount of expected leadwire lengthening is the posi-
that has no cortical fixation proximal to the receiver- tion of the receiver-stimulator package. If the pack-
stimulator, however, only an 11-12 mm lengthening age is placed mainly over the sino-dural angle or
would be expected. These data indicate that the risk pneumatized part of the mastoid, we can expect
of displacement or damage of the electrode and lead- average growth in the order of 12 mm. The placement
wire, as a result of skull growth, can be effectively of the majority of the receiver-stimulator package
reduced by avoiding any cortical fixation site other into the parietal or occipital bone could result in
than at the site of the receiver-stimulator. greater displacement of the package relative to the

It is important that the leadwire be effectively fixed cochlea. This should, if possible, be avoided by the
at a site close to the cochlea in order to maintain the implant surgeon. Thus, for anatomical reasons the
electrode array within the scala tympani. This fixa- package should be placed preferably within the bor-
tion point must not be associated with regions under- ders of the temporal bone. To allow enough room for
going post-operative development. Virtually no the microphone or spectacle frames, however, a dis-
growth relative to the cochlea was found within the tance of at least 10mm should be kept from the
middle or inner ears or the facial recess. However, postauricular sulcus (31).
these regions do not provide suitable or easily accessi- The question of the effects of an implant on normal
ble fixation sites along the course of the leadwire. The skull growth patterns has been addressed in recent
facial recess, in contrast, is exposed during the surgi- animal experiments that suggest that the presence of o
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26 M.C. Dahm et al.

a cochlear implant in the region of the temporal bone away from the cochlea occurs at this site. Securing
does not interfere with the normal development of the the electrode leadwire here could absorb the tensile
head. A long-term implantation study on subhuman stress that is forced upon the leadwire by the postero-
primates revealed no radiological signs of skull asym- lateral growth of the distally placed receiver-stimula-
metry or abnormal suture growth (37, 38). tor package.

The present results describe the general growth 8. The surgical procedure required for cochlear
pattern of the temporal bone and the significant implantation-including mastoidectomy, posterior
growth changes detected in the various parts of it. In tympanotomy, adequate exposure of the electrode
addition, the results provide the otologic surgeon insertion site and electrode placement-is feasible in
with concrete information about the size and location very young children.
of a variety of surgical and anatomical landmarks.
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APPENDIX

Summary of postnatal temporal bone growth (all dimensions in millimeters)
Arcuate eminence-Facial canal Arcuate eminence-Tympanic spine

Age: n: Mean: SD: Age: n: Mean: SD:
0 <0.5 4 11.4 1.2 0 <0.5 4 12.8 0.9
0.5 < 1 4 127 0.8 0.5 < 1 4 13.0 1.7
1 < 2 1 13.0 - I < 2 2 15.8 1.8
2<4 6 14.5 2.1 2<4 6 13.9 2.3
4<6 5 13.9 2.1 4<6 5 13.3 2.1
6<8 3 14.8 2.5 6<8 3 13.7 1.3
8 < 10 3 14.5 0.9 8<10 3 14.5 3.8
10 < 14 3 15.0 3.8 10 < 14 3 14.7 2.9
14 < 18 7 14.9 1.7 14 < 18 7 13.4 1.5
> 18 3 15.0 0.0 > 18 3 13.0 1.4

Arcuate eminence-Internal auditory canal Digastric ridge-Facial canal
Age: n: Mean: SD: Age: n: Mean: SD:

- 0 <0.5 4 11.6 1.1 0<0.5 0 -

0.5 < 1 3 12.5 1.4 0.5< 1 9.0 -

I < 2 I 14.0 - 0<2 1 13.0 -

2<4 6 13.5 3.0 2<4 6 11.1 2.4
o 4<6 5 13.0 1.3 4<6 5 14.5 1.7

6<8 3 14.5 1.8 6<8 3 15.7 2.8
8 < 10 3 14.7 3.2 8 < 10 3 15.5 2.8
10 < 14 3 13.3 1.0 10 < 14 2 15.0 3.5
14 < 18 7 16.1 1.9 14 < 18 7 19.6 2.6
> 18 3 13.0 1.4 >18 3 18.0 2.1

Arcuate eminence-Lateral semicircular canal
Age: n: Mean: SD: Digastric ridge-Fossa incudis
0 <0.5 4 8.9 0.9 Age: n: Mean: SD:
0.5 < 1 4 8.3 1.4 0 < 0.5 0 -

1<2 1 9.5 - 0.5<1 1 11.5 -

2<4 6 10.2 1.3 1 < 2 1 16.5 -
4<6 5 10.1 0.7 2<4 6 15.3 1.7
6<8 3 9.3 1.2 4<6 5 18.7 2.0
8 < 10 3 10.3 1,2 6<8 3 20.5 0.5

8 10 < 14 3 10.3 2.4 8 < 10 3 20.7 2.5
14 < 18 7 10.0 0.9 10 < 14 2 19.8 1.8

S> 18 3 9.0 1.4 14 < 18 7 26.4 4.1
to> 18 3 21.8 2.5

Arcuate eminence-Mastoid tip
a Age: n: Mean: SD:

0<0.5 4 18.4 1.9 Digastric ridge-Lateral semicircular canal

0.5 < 1 4 22.3 2.9 Age: n: Mean: SD:
0 < 0.5 0 -

I < 2 1 28.0 -
2<4 6 29.3 1.20.5 < 1 1 14.0

4<6 5 33.4 1.5 2 6 15.2 2
6 <8 3 34.3 2.0 2 <4 6 15.2 2.7
8 < 10 3 34.3 0.9 4<6 5 18.8 2.2

10 < l4 2 39.3 3.9 6<8 3 21.2 1.3

14 < 18 6 43.3 3.7 8 < 10 3 19.8 2.3

> 18 3 43.8 3.2 10<14 2 18.8 3.2
14 < 18 7 25.8 3.8

Arcuate eminence-Round Window >18 3 24.3 3.9
Age: n: Mean: SD:
0 <0.5 4 133 1.3 Digastric ridge-Mastoid tip
0.5 < 1 4 12.5 0.0 Age: n: Mean: SD:
1<2 1 12.5 - 0<0.5 0
2<4 6 15.5 2.1 0.5 < 1 1 4.0
4<6 5 13.8 1.4 1<2 1 5.5 -

6<8 3 14.5 0.9 2<4 6 5.9 1.9
8 < 10 3 14.2 2.4 4<6 5 6.9 1.8
10 < 14 3 13.3 3.3 6<8 3 8.0 1.8
14 < 18 7 14.3 0.8 8 < 10 3 6.8 1.3
> 18 3 14.3 1.8 10< 14 2 11.5 2.1
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Postnatal temporal bone growth 29

14 < 18 6 12.8 2.2 Facial canal-Internal auditory canal
> 18 3 13.8 1.1 Age: n: Mean: SD:

0 < 0.5 4 13.8 0.4
Digastric ridge-Round Window 0.5 < 1 3 15.3 1.1

Age: n: Mean: SD: 0 < 2 2 16.3 0.4
0<0.5 0 2<4 6 16.4 1.0
0.5 < 1 1 12.0 4<6 5 15.8 1.3
1<2 1 16.5 - 6<8 3 17.7 1.82<4 6 15.4 2.3 8 < 10 3 15.7 0.8
4<6 5 19.1 2.6 10<14 3 15.8 3.2
6<8 3 20.8 2.3
8 <10 3 19.3 2.5 1418 3 16.8 1.3
10 <14 2 18.8 2.5 >831. .
14< <18 7 26.1 4.1
>18 3 21.5 2.1 Facial canal-Lateral semicircular canal

Age: n: Mean: SID:
Digastc ndge-Sigoid sinus 0<0.5 4 41 0.7

Age: n: Mean: SAD: 0.5< 1 4 5.2 0.8
0 0<0.5 0 - I 1<2 2 4.5 0.0Ag:n: Mn<D 0.5 < 1 4 5.205

0.< 75-2<4 6 4.8 1.3
I < 05 11.0 - 4<6 5 5.0 1.3
2<4 6 10.7 2.4 6<8 3 5.8 1.9
4<86 5 11.7 1.4 8< 10 3 4.5 1.3
6<8 3 12.3 0.3 10<14 3 5.2 0.8
8 < 10 3 12.8 3 14<18 7 5.9 0.8
10 < 14 2 14.8 0.4 > 18 3 6.0 1.4
14<18 7 16.6 2.8

E > 18 3 12.3 2.5
Facial canal-Mastoid tip

Digastric ridge-Stylomastoid foramen Age: n: Mean: SD:
Age: n: Mean: SD: 0 <0.5 4 6.7 1.3
0 < 0.5 0 - - 0.5 < 1 4 9.5 2.6
0.5 < 1 1 6.5 - 1 < 2 2 15.5 1.4
1<2 1 8.0 - 2<4 6 15.8 1.3
2<4 6 6.9 1.6 4<6 5 19.3 2.0
4<6 5 9.3 2.5 6<8 3 20.2 12
6<8 3 9.5 2.6 8 < 10 3 20.7 0.8
8 < 10 3 10.3 3.6 10 < 14 2 24.0 5.7
10 < 14 2 8.8 1.8 14 < 18 6 28.8 3.2
14 < 18 7 12.6 3.0 > 18 3 27.3 0.4
> 18 3 13.3 5.3

Digastric ridge-Tympanic sulcus Facial canal -Porion
Age: n: Mean: SD: Age: n: Mean: SD:

S0 <0.5 0 - 0 <0.5 4 13.8 0.9
0.5 < 1 1 9.5 - 0.5 < 1 4 15.5 0.5
I < 2 0 - - 1 < 2 2 17.0 0.0
2<4 6 12.9 1.9 2<4 4 16.1 1.7
4<6 5 16.7 2.8 4<6 4 16.4 1.9
6<8 3 17.2 1.5 6<8 2 17.5 0.7
8 < 10 3 17.2 2.3 8 < 10 2 17.3 0.4
10 < 14 I 18.5 - 10 < 14 3 18.2 1.0
14 < 18 7 22.9 3.8 14 < 18 5 18.8 2.6
> 18 3 17.3 1.8 > 18 3 19.5 2.8

Facial canal-Fossa incudis Facial canal-Posterosuperior point of Macewen's triangle
Age: n: Mean: SD: Age: n: Mean: SD:
0 < 0.5 4 4.9 04 0 < 0.5 4 8.4 3.2
0.5 < 1 4 5.0 0.9 0.5 < 1 3 12.5 1.4
1<2 2 4.3 0.4 1 < 2 1 13.0 -
2<4 6 5.1 0.9 2<4 5 12.7 1.3
4<6 5 4.5 0.5 4<6 5 12.9 0.8
6<8 3 5.0 1.8 6<8 3 12.7 1.3
8 < 10 3 5.7 0.8 8 < 10 3 15.2 2.3
10 < 14 3 5.5 1.5 10 < 14 3 15.7 0.3
14<18 7 6.5 1.4 14<18 7 15.9 2.1
>18 3 6.8 1.1 >18 3 15.5 1.4
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30 M.C. Dahm et al.

Facial canal-Round Window Facial canal-Umbo
Age: n; Mean: SD: Age; n: Mean: SD:
0 < 0.5 4 7.6 0.8 0 < 0.5 4 8.4 1.0
0.5 < 1 4 8.0 0.5 0.5 < 1 4 8.2 0.3
1<2 2 7.8 0.4 1<2 2 8.3 0.4
2<4 6 7.8 1.3 2<4 6 8.8 1.1
4<6 5 7.8 1.1 4<6 5 8.4 1.0
6<8 3 7.7 1.2 6<8 3 8.5 0.5
8 < 10 3 7.3 1.5 8 < 10 3 8.8 1.0
10 < 14 3 7.8 0.6 10 < 14 3 8.5 0.5
14 < 18 7 7.6 0.6 14 < 18 7 8.6 1.0
> 18 3 8.0 0.7 > 18 3 8.3 0.4

Fossa incudis-Inferoateral tympanic point

Facial canal-Sigmoid sinus Age: n: Mean: SD:

Age: n: Mean: SD: 0 <0.5 10 13.5 2.7

0 <0.5 3 8.1 1.5 0.5 < 1 5 13.1 3.8

0.5 < 1 4 7.8 2.0 1 < 2 3 12.8 2.4

< 2 2 8.3 2.5 2<4 6 11.9 1.4

2<4 6 10.3 2.5 4<6 6 14.2 3.3

4<6 5 11.2 1.8 6<8 6 15.9 2.5
8 < 10 5 16.6 3.5

o6<8 31 10 < 14 3 16.2 2.68 < 10 3 10.7 4.6
14 < 18 7 18.3 2.310 < 14 3 10.3 3.6>1882.34

- 1418 9.61.7> 18 8 21.2 3.414 < 18 7 9.6 1.7
> 18 3 10.0 0.0 Fossa incudis-Internal auditory canal

Age: n: Mean: SD:
0 < 0.5 4 14.6 1.1

Facial canal-Sino-dural angle 0.5 < 1 3 15.5 2.1
Age: n: Mean: SD: 1<2 2 16.3 1.10 < 0.5 4 18.2 4.6 2<4 6 16.9 0.9
0.5<1 4 19.5 2.6 4<6 5 16.4 1.0

<<2 2 23.0 21 6<8 3 17.8 1.6
2<4 6 22.3 2.7 8<10 3 15.8 2.0

o. 4<6 5 23.4 4.8 10 < 14 3 18.0 2.6
6<8 3 28.3 4.2 14< 18 7 18.4 1.3
8< 10 3 24.7 7.8 > 18 3 15.8 3.2
10< 14 3 26.2 4.6
14 < 18 5 26.5 5.1 Fossa incudis-Lateral semicircular canal
> 18 2 24.0 0.0 Age: n: Mean: SD:.

0 <0.5 10 3.0 1.0
0.5 < 1 5 3.1 0.8

Facial canal-Stylomastoid foramen I.<2 3 3.2 0.8I < 2 3 3.2 0.8
Age: n: Mean: SD 2<4 6 3.7 1.1
0<0.5 4 4.5 1,1 4<6 6 3.8 0.8
0.5 < 1 3 6.8 1.8 6 <8 6 3.6 1.21 <2 2 7.0 1.4
2<4 6 7.1 1.9 8<10 5 3.8 1.3

4< 6 5 7.3 1.6 10 < 14 3 3.3 1.0
4<6 7.31.614 < 18 7 3.9 0.76<8 3 8.8 1.6 <> 18 8 3.2 0.88 < 10 3 8.5 0.5

10 < 14 3 8.3 1.3 Fossa incudis-Mastoid tip
14 < 18 7 8.7 2.3 Age: n: Mean: SD:
> 18 3 8.5 4.2 0 <0.5 9 10.8 1.6

0.5 < 1 5 14.0 1.1

Facial canal-Tympanic sulcus 1 < 2 3 17.5 0.5

Age: n: Mean: SD 2<4 6 19.3 1.3

0 < 0.5 3 4.2 1.3 4<6 6 23.4 1.9

0.5 < 1 4.0 1 6<8 6 24.8 2.2

l <2 0 _ - 8< 10 5 25.6 1.2

2<4 6 4.4 0.7 10< 14 2 28.3 6.0

4<6 5 4.1 0.8 14<18 6 34.4 5.7

6<8 3 3.7 0.3 > 18 8 34.3 2.9

8 < 10 3 4.3 0.6 Fossa incudis-Porion
10 < 14 2 3.5 0.0 Age: n: Mean: SD:
14 < 18 7 4.1 0.5 0 <0.5 10 8.4 2.2
> 18 3 4.3 1.1 0.5 < 1 5 10.6 1.5 2
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1<2 3 12.0 1.8 4<6 6 23.0 4.1
2<4 4 11.6 1.3 6<8 6 26.5 4.3
4<6 5 13.3 1.9 8<10 5 24.6 6.1
6<8 5 14.0 1.5 10 < 14 3 25.8 4.2
8<10 4 13.8 1.8 14<18 5 26.8 4.9
10 < 14 3 14.8 1.6 > 18 7 29.4 5.2
14 < 18 5 15.1 1.6
>18 8 15.9 1.2 Fossa incudis-Stylomastoid foramen

Age: n: Mean: SD
Fossa incudis-Posterosuperior point of Macewen's 0 <0.5 4 8.6 1.2
triangle 0.5 < 1 3 11.0 0.0

Age: n: Mean: SD: I < 2 2 10.5 0.0
0 <0.5 10 6.4 1.5 2<4 6 11.5 1.8
0.5<1 5 9.2 1.7 4<6 5 11.2 0.8
1<2 3 10.3 0.8 6<8 3 13.5 1.8
2<4 5 10.9 1.3 8 < 10 3 12.5 0.5
4<6 6 11.8 2.2 10<14 3 12.3 1.6
6<8 6 13.9 1.3 14 < 18 7 13.4 1.0

S8< 10 5 13.5 2.2 > 18 3 14.5 4.2
10 < 14 3 13.5 0.5
14 < 18 7 15.1 1.3 Fossa incudis-Tympanic spine

S> 18 8 16.6 2.3 Age: n: Mean: SD:
o 0 < 0.5 10 4.6 0.8
= Fossa incudis-Promontory 0.5 < 1 5 5.5 0.7

Age: n: Mean: SD: 1 < 2 3 4.3 0.6
- 0 < 0.5 10 8.8 1.3 2<4 6 5.4 1.4

0.5 < 1 5 8.9 1.0 4<6 6 4.8 1.2
1<2 3 8.5 0.5 6<8 5 4.7 1.3
2<4 6 9.5 1.3 8 < 10 5 5.4 0.5
4<6 6 9.2 1.2 10< 14 3 4.8 0.3
6<8 6 8.6 0.7 14 < 18 7 5.9 0.6
8 < 10 5 9.2 0.4 > 18 8 4.8 1.2

A10 <14 3 8.8 0.6
14 < 18 7 9.1 0.7 Fossa incudis-Tympanic sulcus

> 18 8 9.3 0.9 Age: n: Mean: SD:
0 <0.5 3 5.0 0.5

Fossa incudis-Round Window 0.5 < 1 1 5.0 -
Age: n: Mean: SD: 1<2 0 - -

.2 0 < 0.5 10 9.0 0.9 2<4 6 4.8 0.9
0.5 < 1 5 8.8 0.9 4<6 5 4.6 0.7
I <2 3 8.8 0.8 6<8 3 4.2 0.8
2<4 6 9.4 0.7 8 < 10 3 4.3 0.3
4<6 6 9.1 1.4 10 < 14 2 4.3 0.4
6<8 6 8.9 0.6 14 < 18 7 4.3 0.6
8 < 10 5 9.2 1.0 >18 3 4.5 0.7
10 < 14 3 8.7 0.8
10< 14 3 8.7 0.8 Fossa incudis-Umbo<14 <18 7 9.2 0.8
> 18 8 9.6 0.9 Age: n: Mean: SD:

0 < 0.5 4 8.3 0.8
Fossa incudis-Sigmoid sinus 0.5 < 1 4 8.3 0.3

Age: n: Mean: SD: 1 < 2 2 7.8 0.4
0 <0.5 3 11.4 1.5 2<4 6 8.2 1.0
0.5 < 1 4 10.2 1.5 4<6 5 7.7 1.3
1<2 2 10.8 1.1 6<8 3 7.5 0.9
2<4 6 12.9 2.2 8 < 10 3 7.3 0.3
4<6 5 12.7 2.8 10 < 14 3 7.3 i.0
6<8 3 14.2 1.0 14 < 18 7 7.7 0.3
8 < 10 3 14.3 4.2 > 18 3 8.5 1.4
10 < 14 3 13.5 4.4
14 < 18 7 14.4 2.3 Inferolateral tympanic point-Internal auditory canal
> 18 3 14.3 1.8 Age: n: Mean: SD:

0 <0.5 4 15.6 1.1
Fossa incudis-Sino-dural angle 0.5 < 1 2 18.0 4.2

Age: n: Mean: SD: 1 < 2 2 22.8 1.8
0<0.5 10 17.9 3.9 2<4 6 22.7 2.3
0.5 < 1 5 19.8 1.7 4<6 5 24.9 1.8
1 < 2 3 20.7 5.1 6<8 3 26.0 1.3
2<4 6 23.0 2.3 8 < 10 3 25.3 2.3
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32 M.C. Dahm et al.

10 < 14 2 26.3 2.5 14 < 18 7 19.7 2.5
14 < 18 7 30.2 2.6 > 18 8 21.3 3.7
>18 3 26.5 4.9

Inferolateral tympanic point-Sino-dural angle
Inferolateral tympanic point-Mastoid tip Age: n: Mean: SD:

Age: n: Mean: SD: 0 <0.5 10 30.0 5.1
0 < 0.5 9 13.1 3.3 0.5 < 1 4 29.9 5.2
0.5 < 1 4 9.8 1.7 1 < 2 3 28.7 3.5
1<2 3 11.2 2.8 2<4 6 31.3 1.2
2<4 6 11.3 2.1 4<6 6 28.0 5.0
4<6 6 11.0 1.6 6<8 6 32.8 5.0
6<8 6 12.4 2.8 8 < 10 5 35.5 4.7
8 < 10 5 14.9 3.7 10 < 14 2 31.8 1.8
10 < 14 1 19.0 - 14 < 18 5 33.2 5.9
14< 18 6 17.8 4.7 > 18 7 41.5 7.0
> 18 8 14.5 3.9

Inferolateral tympanic point-Tympanic spine
Inferolateral tympanic point-Porion Age: n: Mean: SD:

- Age: n: Mean: SD: 0 < 0.5 10 12.1 2.5
0 < 0.5 10 18.5 2.4 0.5 < I 4 12.0 2.7
0.5 < 1 4 18.4 2.9 1 < 2 3 12.5 1.8
I < 2 3 19.5 2.8 2<4 6 12.8 1.2
2<4 4 17.0 0.7 4<6 6 16.0 2.2
4<6 5 19.8 2.6 6<8 5 14.5 1.4
6<8 5 21.1 3.2 8 < 10 5 16.4 2.5
8 < 10 4 21.0 3.3 10 < 14 2 14.0 2.8
10 < 14 2 18.3 3.9 14 < 18 7 19.0 2.4
14 < 18 5 18.3 1.9 > 18 8 20.2 3.8
> 18 8 23.0 2.7

Inferolateral tympanic point-Tympanic sulcus
o Inferolateral tympanic point-Posterosuperior point of Age: n: Mean: SD:

Macewen's triangle 0 < 0.5 3 6.8 1.0
Age: n: Mean: SD: 0.5 < 1 1 7.0 -

0 0<0.5 10 14.8 3.5 1<2 0 - -
0.5<1 5 16.4 1.9 2<4 6 9.1 1.1
1 <2 3 18.2 5.0 4<6 5 10.9 1.5
2<4 5 15.6 3.7 6<8 3 10.7 0.8
4<6 6 15.8 4.6 8 < 10 3 10.8 1.0
6<8 6 19.2 6.0 10 < 14 2 12.3 3.2
8 < 10 5 20.3 6.3 14 < 18 7 14.5 2.3

O 10< 14 3 19.3 7.3 > 18 3 13.0 3.5
14 < 18 7 15.9 3.4
> 18 8 24.6 3.8 Inferolateral tympanic point-Umbo

Age: n: Mean: SD:
Inferolateral tympanic point-Promontory 0 <0.5 4 5.9 0.6

Age: n: Mean: SD: 0.5 < 1 3 8.2 1.5
< 0 <0.5 10 7.5 1.5 1 < 2 2 11.3 2.5

0.5 < 1 4 10.8 4.4 2<4 6 11.9 1.8
1 <2 3 11.5 2.3 4<6 5 15.3 1.6
2<4 6 13.0 1.9 6<8 3 14.3 0.6
4<6 6 16.4 2.2 8< 10 3 14.5 1.8
6<8 6 15.6 1.2 10<14 2 15.5 3.5
8< 10 5 16.0 1.2 14 < 18 7 18.0 2.0
10 < 14 2 17.0 2.8 > 18 3 16.8 1.8
14 < 18 7 19.7 2.4
> 18 8 20.4 3.2 Internal auditory canal-Lateral semicircular canal

Age: n: Mean: SD:
Inferolateral tympanic point-Round Window 0 <0.5 4 13.4 1.0

Age: n: Mean: SD: 0.5 < 1 3 13.3 1.1
0 <0.5 10 9.0 1.7 1 <2 2 15.8 0.4
0.5 < 1 5 10.4 2.5 2<4 6 15.9 1.3
1 < 2 3 1 .7 1.3 4<6 5 14.7 0.6
2<4 6 13.4 1.5 6<8 3 16.0 2.5
4<6 6 16.9 2.4 8<10 3 15.5 2.8
6<8 6 17.8 1.6 10 < 14 3 16.3 1.9
8 < 10 5 16.7 1.6 14 < 18 7 16.2 1.4
10 < 14 3 16.3 1.9 > 18 3 13.8 1.1
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Postnatal temporal bone growth 33

Internal auditory canal-Mastoid tip Internal auditory canal-Round Window

Age: n: Mean: SD: Age: n: Mean; SD:
0 < 0.5 4 19.1 0.7 0 < 0.5 4 8.3 0.6
0.5 < 1 3 19.0 4.9 0.5 < 1 3 8.8 1.1
1<2 2 28.0 0.7 1 < 2 2 10.3 1.8
2<4 6 28.3 1.8 2<4 6 10.3 0.5
4<6 5 30.5 2.1 4<6 5 9.3 0.6
6<8 3 29.7 6.3 6 < 8 3 10.2 0.3
8 < 10 3 31.8 1.8 8 < 10 3 10.0 2.2

10 < 14 2 34.5 3.5 10 < 14 3 11.7 2.4

14 < 18 6 38.3 5.0 14 < 18 7 11.7 1.7

> 18 3 40.0 2.1 > 18 3 11.5 2.8

Internal auditory canal-Sino-dural angle
Internal auditory canal-Oval Window Age: n: Mean: SD:

Age: n: Mean: SD: 0 < 0.5 4 24.8 3.7
0 <0.5 4 8.3 0.8 0.5 < 1 3 29.0 3.5
0.5 < 1 3 9.5 0,7 1 < 2 2 32.0 3.5

- 1<2 2 11.3 1.1 2<4 6 33.2 3.6
2<4 6 9.9 0.7 4<6 5 31.6 5.7
4<6 5 10.1 0.7 6 < 8 3 33.3 5.5
6<8 3 10.0 1.3 8 < 10 3 34.5 6.5

S8< 10 3 11.7 2.8 10 < 14 3 34.0 3.5
10 < 14 3 12.0 0.5 14 < 18 5 36.2 3.7
14 < 18 7 11.9 1.4 > 18 2 33.5 0.0
> 18 3 10.3 1.8 Internal auditory canal-Stylomastoid foramen

Age: n: Mean: SD:
Internal auditory canal-Porion 0 <0.5 4 15.0 1.6

Age: n: Mean: SD: 0.5 < 1 2 17.0 0.0
0 < 0.5 4 22.3 1.5 1 < 2 2 19.5 2.1
0.5 < 1 3 22.5 2.8 2<4 6 19.0 1.5
1 < 2 2 28.5 2.1 4<6 5 17.2 1.3

E 2<4 4 28.1 2.1 6<8 3 20.7 2.0
4<6 4 28.3 1.0 8 < 10 3 18.7 2.5
6<8 2 32.0 0.7 10<14 3 19.8 2.8
8 < 10 2 31.0 1.4 14 < 18 7 20.4 1.6
10 < 14 3 32.2 0.8 > 18 3 20.5 6.4
14 < 18 5 32.7 2.9
>18 3 30.8 5.3 Internal auditory canal-Tympanic spine

Age: n: Mean: SD:
0 < 0.5 4 15.3 1.2

Internal auditory canal-Posterosuperior point of 0.5 < 1 3 16.5 0.7
Macewen's triangle I < 2 2 17.3 0.4

Age: n: Mean: SD: 2<4 6 16.5 1.1
0 < 0.5 4 21.7 3.5 4 6 16.5 0.4o4<6 5 16.1 0.4
0.5 < 1 2 26.0 0.0 6<8 3 15.7 3.6
l < 2 1 26.5 -8 < 10 3 16.3 2.5
2<4 5 27.4 1.2 10 < 14 3 16.3 4.5
4<6 5 27.2 1.0 14< 18 7 17.2 3.5
6<8 3 29.0 1.8 >18 3 16.8 1.1
8 < 10 3 29.2 2.8
10 < 14 3 30.2 1.3 Internal auditory canal-Tympanic sulcus
14< 18 7 32.9 2.7 Age: n: Mean: SD
> 18 3 29.5 2.8 0 <0.5 3 13.5 3.1

0.5 < 1 1 15.5 -

Internal auditory canal-Promontory I < 2 0

Age: n: Mean: SD: 2<4 6 15.7 1.2

0 <0.5 4 10.5 0.9 4<6 5 15.3 0.4

0.5<1 3 11.5 0.7 6<8 3 16.5 1.5

1<2 2 12.8 0.4 8<10 3 16.2 2.0

2<4 6 12.2 0.9 10 < 14 2 16.0 0.7

4<6 5 11.5 0.6 14 < 18 7 16.9 3.3

6<8 3 12.2 1.2 > 18 3 14.5 1.4

8<10 3 12.8 2.6 Lateral semicircular canal-Mastoid lip
10 < 14 3 14.0 1.3 Age: n: Mean: SD:
14 < 18 7 12.7 0.7 0 <0.5 9 10.7 1.9
> 18 3 10.8 1.8 0.5 < 1 5 14.4 2.0

Page 164 of 318 R J TP. >

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



34 M.C. Dahm et al.

1<2 3 18.8 0.8 4<6 5 12.8 1.2
2<4 6 19.8 1.6 6<8 3 13.7 1.6
4<6 6 24.3 2.3 8 < 10 3 12.3 3.2
6<8 6 26.4 2.8 10 < 14 3 11.3 2.0
8 < 10 5 24.9 1.0 14 < 18 7 12.4 1.4
10 < 14 2 28.8 5.3 > 18 3 13.3 1.8
14 < 18 6 34.1 7.4
> 18 8 34.5 2.4 Lateral semicircular canal-Stylomastoid foramen

Age: n: Mean: SD:
Lateral semicircular canal-Oval Window 0 <0.5 4 8.4 1.9

Age: n: Mean: SD: 0.5 < 1 3 11.8 2.5
0 <0.5 10 7.8 0.8 1 < 2 2 11.0 0.7
0.5 < 1 5 8.0 0.7 2<4 6 11.0 2.3
1<2 3 8.2 0.8 4<6 5 11.9 1.9
2<4 6 8.5 1.1 6<8 3 14.5 0.5
4<6 6 8.3 0.8 8 < 10 3 12.7 1.0
6<8 6 8.2 1.4 10 < 14 3 12.8 0.6
8 < 10 5 8.3 0.5 14 < 18 7 14.4 2.0
10 < 14 3 8.3 1.0 >18 3 14.8 6.7
14 < 18 7 8.2 0.6

4 18 7 8.2 0.6 Lateral semicircular canal-Tympanic spine
Age: n: Mean: SD:

Lateral semicircular canal-Posterosuperior point of 0 <0.5 10 6.6 1.1
Macewen's triangle 0.5 < 1 5 7.4 1.3

Age: n: Mean: SD: 1<2 3 7.0 1.7
0 < 0.5 10 8.0 1.9 2<4 6 7.6 1.4
0.5 < 1 5 10.9 2.0 4<6 6 8.3 1.8
1<2 3 13.2 1.6 6<8 5 8.1 1.7
2<4 5 12.4 1.5 8 < 10 5 7.8 1.3
4<6 6 13.8 2.5 10 < 14 3 7.7 1.6
6<8 6 15.1 2.2 14<18 7 8.6 0.8
8 < 10 5 14.6 1.6 > 18 8 7.0 1.4
10 < 14 3 14.7 0.8
14 < 18 7 16.6 1.5 Lateral semicircular canal-Tympanic sulcus
> 18 8 18.4 2.2 Age: n: Mean: SD:

0 < 0.5 3 6.0 0.5
Lateral semicircular canal-Promontory 0.5 < 1 1 7.0 -

Age: n: Mean: SD: 1 < 2 0 - -
0<0.5 10 9.5 1.4 2<4 6 6.7 0.5
0.5 < 1 5 9.5 0.7 4<6 5 6.8 0.7
1<2 3 10.0 1.3 6<8 3 6.3 0.3
2<4 6 10.3 1.5 8 < 10 3 6.8 0.6
4<6 6 10.0 0.8 10 < 14 2 5.5 0.7
6<8 6 10.0 1.1 14 < 18 7 7.1 0.4
8 < 10 5 10.0 0.5 > 18 3 6.8 2.5

a10 < 14 3 9.7 1.2
14<14 3 10.7 1.2 Mastoid tip-Porion<14 <18 7 10.6 1.1
> 18 8 9.5 1.0 Age: n: Mean: SD:

0 <0.5 9 17.1 1.5
Lateral semicircular canal-Round Window 0.5 < I 5 21.0 1.4

Age: n: Mean: SD: I < 2 3 23.0 1.8
0 < 0.5 10 8.9 0.8 2<4 4 24.3 2.5
0.5 < 1 5 9.3 1.0 4<6 5 28.3 1.0
1 < 2 3 9.2 0.6 6<8 5 29.8 2.1
2<4 6 9.7 1.0 8 < 10 4 29.5 1.1
4<6 6 9.0 1.1 10<14 2 32.0 2.8
6<8 6 9.3 0.8 14 < 18 4 34.9 3.1
8 < 10 5 9.2 0.3 > 18 8 32.9 1.9
10 < 14 3 8.8 0.8
14 < 18 7 9.1 0.6 Mastoid tip-Posterosuperior point of Macewen's triangle
> 18 8 9.6 1.0 Age: n: Mean: SD:

0 < 0.5 9 12.3 3.3
Lateral semicircular canal-Sigmoid sinus 0.5 < 1 5 18.6 0.9

Age: n: Mean: SD: I < 2 3 19.7 2.3
0 < 0.5 3 9.4 2.7 2<4 5 19.7 2.6
0.5 < 1 4 9.0 0.5 4<6 6 23.8 2.8
1 < 2 2 9.8 1.1 6<8 6 26.4 4.2
2<4 6 12.1 2.8 8 < 10 5 27.9 1.9 2.99
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Postnatal temporal bone growth 35

10 < 14 2 27.0 3.5 Oval Window-Porion
14 < 18 6 29.8 4.1 Age: n: Mean: SD:
> 18 8 31.6 3.1 0 < 0.5 10 14.1 2.0

Mastoid tip-Round Window 0.5 < 1 5 15.3 2.0

Age: n: Mean: SD: I <2 3 17.8 1.8
2<4 4 19.5 2.0

0<0.5 9 11.8 1.8 4<6 5 20.1 1.6
0.5 < 1 5 14.1 1.4 6<8 5 21,4 0.5
1 < 2 3 19.7 0.3 8<10 4 20.4 1.6
2<4 6 19.8 1.9 10 < 14 3 21.7 1.8
4<6 6 24.4 2.4 14 < 18 5 21.7 2.0
6<8 6 24.5 1.8

8<10 24. 0.9> 18 8 22.8 1.98 < 10 5 24.5 0.9
10 < 14 2 27.0 5.7
14 < 18 6 32.2 3.4 Oval Window-Posterosuperior point of Macewen's

> 18 8 33.1 2.4 triangle
Age: n: Mean: SD:

Mastoid tip-Sino-dural angle 0 <0.5 10 14.1 2.6
Age: n: Mean: SD: 0.5 < 1 5 16.4 1.9
0<0.5 9 19.0 3.6 1<2 3 18.8 1.9
0.5 < 1 5 22.8 2.1 2<4 5 17.9 3.3
1<2 3 24.8 2.9 4<6 6 20.1 2.1
2<4 6 28.6 2.8 6<8 6 21.7 1.7
4<6 6 31.0 6.1 8 < 10 5 21.2 1.9
6<8 6 36.6 4.8 10 < 14 3 22.0 0.0
8 < 10 5 33.9 3.9 14 < 18 7 22.2 2.0
10 < 14 2 41.3 5.3 > 18 8 24.9 2.4
14 < 18 4 41.3 5.2
>18 7 44.6 5.8 Oval Window-Round Window

Mastoid tip-Stylomastoid foramen Age: n: Mean: SD:
Age: n: Mean: SD: 0 < 0.5 10 4.2 0.3
0 < 0.5 4 5.4 1.4 0.5 < 1 5 4.3 0.3
0.5 < 1 3 6.5 0.7 1<2 3 4.3 0.3
1<2 2 11.8 2.5 2<4 6 4.3 0.3
2<4 6 10.1 2.1 4<6 6 4.3 0.3
4<6 5 13.5 2.0 6<8 6 4.4 0.5
6<8 3 12.7 2.3 8 < 10 5 4.5 0.5
8 < 10 3 14.2 1.0 10< 14 3 4.2 0.3
10 < 14 2 17.0 4.2 14< 18 7 4.1 0.2
14 < 18 6 20.7 1.7 > 18 8 4.5 0.4
> 18 3 17.3 4.6

Oval Window-Umbo
Mastoid tip-Tympanic spine Age: n: Mean: SD:

Age: n: Mean: SD: 0<0.5 4 4.5 0.7
0 < 0.5 10 13.2 2.0< 5 4 4.5 0.30.5 < 1 4 4.7 0.30.5<I 4 13.4 3<2 2 4.5 0.7
1 < 2 3 18.3 3.8 2<4 6 4.3 1.0
2<4 6 15.2 4.6 4<6 5 4.4 0.44<6 6 17.5 4.9
6<8 5 19.3 5.8 8 < 10 3 4.7 0.68 < 10 5 16.4 2.5 10 < 14 3 4.5 0.910 < 14 2 14.0 2.8 14< 18 7 4.5 0.814 < 18 7 19.0 2.4 >18 3 42 I.1
> 18 8 20.2 3.8

Mastoid tip-Tympanic sulcus Porion-Posterosuperior point of Macewen's triangle
Age: n: Mean: SD: Age: n: Mean: SD:
0 <0.5 3 8.2 1.9 0 <0.5 10 6.0 2.9
0.5<1 1 11.5 - 0.5<1 5 6.0 1.7
1<2 0 - - 1<2 3 6.5 2.2
2<4 6 16.4 1.2 2<4 4 8.1 1.9
4<6 5 20.1 1.4 4<6 5 8.4 1.6
6<8 3 20.8 1.6 6<8 5 8.1 2.4
8 < 10 3 21.3 1.5 8 < 10 4 7.3 1.3
10 < 14 1 30.0 - 10 < 14 3 10.5 1.3
14 < 18 6 29.3 4.4 14< 18 5 10.3 1.5
> 18 3 27.5 0.0 > 18 8 9.9 1.7
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36 M.C. Dahm et al.

Porion-Round Window Posterosuperior point of Macewen's triangle-Round
Age: n: Mean: SD: Window
0<0.5 10 16.2 2.2 Age: n: Mean: SD:
0.5 < I 5 17.8 2.2 0 <0.5 10 15.2 2.4
1 < 2 3 20.7 1.5 0.5 < 1 5 17.5 1.9
2<4 4 21.0 2.1 1 <2 3 20.5 1.3
4<6 5 21.9 0.9 2<4 5 20.5 2.1
6<8 5 22.6 0.9 4<6 6 20.9 1.8
8 < 10 5 22.1 1.7 6<8 6 22.2 1.5
10 < 14 3 23.5 1.5 8 < 10 5 22.4 2.1
14 < 18 5 23.3 2.2 10 < 14 3 22.8 2.5
> 18 8 24.5 1.7 14 < 18 7 22.7 2.0

> 18 8 26.1 2.2

Porion-Sino-dural angle Posterosuperior point of Macewen's triangle-Sino-dural
Age: n. Mean: SD: angle
0 <0.5 10 21.6 4.1 Age: n: Mean: SD:
0.5 < 1 5 24.8 1.8 0 <0.5 10 18.3 3.9

- < 2 3 24.2 6.8 0.5 < 1 4 19.8 1.8
2<4 4 25.8 3.1 1<2 2 16.0 4.9
4<6 5 23.8 4.4 2<4 5 19.4 2.6
6<8 5 30.4 3.4 4<6 6 20.2 5.4

o8 < 10 4 27.6 2.9 6<8 6 23.8 3.1
10 < 14 3 27.3 5.3 8 < 10 5 19.5 4.7

E 14 < 18 5 29.8 5.4 10 < 14 3 20.2 4.9
> 18 7 33.0 7.4 14 < 18 5 22.3 4.2

> 18 7 27.4 7.4

Porion-Tympanic spine Posterosuperior point of Macewen's triangle-Tympanic
Age: n: Mean: SD: spine
0 <0.5 10 7.4 1.6 Age: n: Mean: SD:
0.5 < I 5 8.6 1.8 0 < 0.5 10 8.6 1.6
1 < 2 3 11.3 2.0 0.5 < 1 5 9.9 1.9
2<4 4 12.5 2.4 1<2 3 13.3 1.4
4<6 5 13.6 1.4 2 < 4 5 14.9 3.7
6<8 4 14.8 0.3 4<6 6 15.3 2.0
8 < 10 4 14.3 2.2 6<8 5 16.3 1.1
10 < 14 3 14.7 1.8 8 < 10 3 16.8 1.9
14 < 18 5 15.3 2.1 10 < 14 3 17.2 1.5
> 18 8 15.5 1.7 14 < 18 7 17.7 2.4

> 18 8 18.2 1.5
Porion-Tympanic sulcus Posterosuperior point of Macewen's triangle-Tympanic

Age: n: Mean: SD: sulcus
0 <0.5 3 12.9 0.8 Age: n: Mean: SD:
0.5 < 1 1 14.0 - 0 < 0.5 3 8.2 2.9
1 < 2 0 - - 0.5 < 1 1 10.5 -

2<4 4 14.4 2.5 1 < 2 0 -
4<6 4 15.1 1.4 2<4 5 13.4 0.7
6<8 2 15.8 1.8 4<6 5 13.4 1.2
8<10 2 17.0 0.0 6<8 3 13.8 1.0
10 < 14 2 17.3 1.1 8 < 10 3 16.3 2.0
14 < 18 5 16.1 1.9 10 < 14 2 15.8 0.4
> 18 3 17.3 3.2 14 < 18 7 15.8 2.3

> 18 3 16.0 1.4
Posterosuperior point of Macewen's triangle-Promontory Promontory-Round Window

Age: n: Mean: SD: Age: n: Mean: SD:
0<0.5 10 14.1 2.7 0<0.5 10 3.9 0.5
0.5 < 1 5 16.8 2.2 0.5 < 1 5 3.8 0.3
1 < 2 3 19.0 2.2 1 < 2 3 3.7 0.3
2<4 5 19.6 1.8 2<4 6 4.1 0.6
4<6 6 21.0 1.6 4<6 6 3.8 0.5
6<8 6 21.5 1.5 6<8 6 3.9 04
8 < 10 5 22.2 1.6 8 < 10 5 3.8 0.3
10 < 14 3 21.5 1.7 10 < 14 3 3.8 0.3
14 < 18 7 22.6 2.5 14 < 18 7 3.9 0.2
>18 8 24.5 1.8 >18 8 4.0 0.5 301

Page 167 of 318 ORIGHTS LIN K41

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Postnatal temporal bone growth 37

Promontory-Sino-dural angle Round Window-Stylomastoid foramen
Age: n: Mean: SD: Age: n: . Mean: SD:
0 < 0.5 10 25.5 4.1 0 < 0.5 4 7.6 0.8
0.5 < 1 5 27.1 2.4 0.5 < 1 3 8.5 0.7
1<2 3 28.7 5.6 1 < 2 2 8.5 1.4
2<4 6 30.5 2.0 2<4 6 9.4 1.2
4<6 6 29.6 2.4 4<6 5 9.0 1.7
6<8 6 33.8 3.8 6<8 3 10.5 1.3
8 < 10 5 32.2 5.9 8 < 10 3 9.7 2.1
10 < 14 3 34.5 5.3 10 < 14 3 9.8 2.4
14 < 18 5 35.5 4.9 14 < 18 7 10.7 1.8
>18 7 36.7 5.4 >18 3 12.0 3.5

Promontory-Tympanic spine Round Window-Tympanic spine
Age: n: Mean: SD: Age: n: Mean: SD:
0 < 0.5 10 7.3 0.9 0 < 0.5 10 9.5 0.9
0.5 < 1 5 7.5 0.9 0.5 < 1 5 9.4 0.5

- 1<2 3 7.5 0.5 1 < 2 3 9.2 1.3
2<4 6 7.3 1.4 2<4 6 8.8 1.2
4<6 6 7.6 0.4 4<6 6 9.3 0.8
6<8 5 7.5 0.4 6 < 8 5 9.4 1.5

S8< 10 5 7.6 0.9 8 < 10 5 8.8 1.4
10 < 14 3 7.7 0.3 10 < 14 3 9.5 0.0
14< 18 7 7.3 0.7 14<18 7 9.3 1.2
>18 8 7.5 0.8 >18 8 9.9 0.8

Promontory-Umbo Round Window-Tympanic sulcus
Age: n: Mean: SD: Age: n: Mean: SD:
0 < 0.5 4 2.1 0.4 0 < 0.5 3 6.5 0.9
0.5 < 1 4 2.0 0.0 0.5 < 1 I 6.5
1<2 2 2.0 0.0 1 < 2 0 -
2<4 6 2.3 0.3 2<4 6 6.5 1.4

X4<6 5 2.1 0.2 4<6 5 7.4 0.7
E 6<8 3 1.8 0.3 6<8 3 7.3 0.3

8 < 10 3 1.9 0.4 8 < 10 3 8.2 1.2
10< 14 3 2.2 0.3 10< 14 2 7.5 0.7
14 < 18 7 2.2 0.3 14 < 18 7 7.3 1.1
> 18 3 2.3 0.4 > 18 3 6.8 1.1

Round Window-Sigmoid sinus Round Window-Umbo
Age: n: Mean: SD: Age: n: Mean: SD:
0 <0.5 3 14.4 2.8 0 <0.5 4 4.9 0.5
0.5 < 1 4 14.3 1.0 0.5 < 1 4 4.8 0.3
1<2 2 14.5 2.! 1 <2 2 5.3 0.4
2<4 6 17.8 2.0 2<4 6 5.0 0.8
4<6 5 17.6 1.6 4<6 5 5.1 0.4
6<8 3 18.8 2.5 6<8 3 4.8 0.3
8< 10 3 16.8 4.1 8< 10 3 5.3 0.3
10 < 14 3 16.2 3.3 10 < 14 3 5.2 0.6
14 < 18 7 16.4 2.2 14 < 18 7 5.1 0.6
> 18 3 17.8 0.4 > 18 3 5.3 0.4

Round Window-Sino-dural angle Sigmoid sinus-Sino-dural angle
Age: n: Mean: SD: Age: n: Mean: SD:
0 <0.5 10 24.0 4.4 0 < 0.5 3 13.5 3.3
0.5 < 1 5 25.1 2.1 0.5 < 1 4 13.8 3.4
1<2 3 27.3 5.0 1<2 2 21.0 4.9
2<4 6 29.3 2.4 2<4 6 15.3 2.4
4<6 6 30.1 4.2 4<6 5 16.2 4.3
6<8 6 32.2 2.9 6<8 3 21.0 2.2
8< 10 5 30.8 4.3 8 < 10 3 18.3 5.7
10 < 14 3 32.2 4.0 10 < 14 3 19.3 3.2
14 < 18 5 33.0 5.1 14 < 18 5 20.0 4.0
> 18 7 35.1 4.8 > 18 2 18.0 0.0 ol
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38 M.C. Dahm et al.

Sigmoid sinus-Stylomastoid foramen Stylonastoid foramen-Tympanic sulcus
Age: n: Mean: SD: Age: n: Mean: SD:
0<0.5 3 10.4 1.9 0 < 0.5 3 4.8 0.8
0.5 < 1 3 11.5 0.7 0.5 < 1 1 6.0 -

1 < 2 2 10.3 2.5 1<2 0 - -

2<4 6 12.3 2.3 2<4 6 7.0 1.4
4<6 5 12.9 2.0 4<6 5 7.8 0.8
6<8 3 13.5 0.0 6<8 3 9.3 0.3
8 < 10 3 12.7 3.4 8 < 10 3 7.8 0.3
10 < 14 3 14.2 3.8 10 < 14 2 9.0 2.1
14 < 18 7 12.6 2.3 14 < 18 7 9.3 2.2
> 18 3 10.8 0.4 >18 3 10.8 3.9

Sigmoid sinus-Tympanic sulcus Tympanic membrane: Horizontal plane
Age: n: Mean: SD: Age: n: Mean: SD:
0 < 0.5 3 12.0 2.8 0 < 0.5 3 8.7 0.6
0.5 < 1 1 9.5 - 0.5 < 1 0 - -

- 1<2 0 - - 1<2 0
2<4 6 13.8 2.6 2<4 4 9.0 0.7
4<6 5 14.1 1.5 4<6 5 9.4 0.2
6<8 3 14.0 1.0 6<8 3 9.0 0.9
8 < 10 3 14.2 4.2 8 < 10 3 9.0 0.9
10< 14 2 11.3 0.4 10 < 14 1 9.5
14 < 18 7 13.5 2.0 14 < 18 7 9.3 0.6
>18 3 12.5 1.4 > 18 3 9.3 0.4

8 Sino-dural angle-Tympanic spine Tympanic membrane: Vertical plane
Age: n: Mean: SD: Age: n: Mean: SD:
0 < 0.5 10 23.0 4.6 0 < 0.5 3 9.3 0.3
0.5 < 1 5 24.8 2.2 0.5 < 1 0 - -

I < 2 3 26.0 6.1 1 < 2 0 - -

2<4 6 27.5 3.0 2<4 4 9.1 0.6
4<6 6 28.4 5.0 4<6 5 8.9 0.4

8 6<8 5 31.2 5.8 6<8 3 9.5 0.5
8 < 10 5 29.4 6.1 8 < 10 3 8.8 0.3
10 < 14 3 31.0 4.4 10< 14 2 8.8 0.4
14 < 18 5 33.1 4.7 14 < 18 7 9.4 0.3
> 18 7 34.1 5.9 >18 3 9.0 0.0

Sino-dural angle-Tympanic sulcus Tympanic spine-Tympanic sulcus
Age: n: Mean: SD: Age: n: Mean: SD:
0 <0.5 3 23.3 5.5 0 <0.5 3 6.8 1.0

C 0.5 < 1 1 25.0 - 0.5 < 1 1 6.5 -
Z I<2 0 - 1<2 0

2<4 6 26.3 2.4 2<4 6 6.3 0.9
4<6 5 26.7 4.9 4<6 5 6.8 0.4
6<8 3 31.5 3.1 6<8 3 6.0 0.5
8 < 10 3 28.7 8.6 8 < 10 3 6.0 0.9
10< 14 2 27.8 5.3 10 < 14 2 6.0 0.7
14 < 18 5 29.3 4.9 14 < 18 7 6.9 0.7
> 18 2 26.5 0.0 > 18 3 7.3 1.1

Stylomastoid foramen-Tympanic spine Tympanic spine-Umbo
Age: n: Mean: SD: Age: n: Mean: SD:
0 < 0.5 4 10.6 1.0 0 <0.5 4 6.2 0.6
0.5 < 1 3 12.3 0.4 0.5 < 1 4 6.0 0.5
1 < 2 2 12.3 1.8 1 <2 2 6.5 0.0
2<4 6 13.1 1.4 2<4 6 5.9 0.4
4<6 5 13.1 1.1 4<6 5 5.8 0.3
6<8 3 14.8 1.8 6<8 3 6.0 0.0
8< 10 3 12.7 0.6 8< 10 3 5.5 0.0
10 < 14 3 13.2 1.3 10 < 14 3 5.8 0.3
14 < 18 7 14.5 1.6 14 < 18 7 5.6 0.4
> 18 3 16.8 4.6 > 18 3 6.3 0.4 03
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Postnatal temporal bone growth 39

Tympanic sulcus-Umbo 4<6 5 6.1 0.4
Age: n: Mean; SD: 6<8 3 6.0 0.5
0 <0.5 3 6.3 0.6 8 < 10 3 5.8 0.6
0.5 < 1 1 5.5 - 10 < 14 2 6.3 0.4
1<2 0 - - 14 < 18 7 6.0 0.6
2<4 6 5.7 0.6 > 18 3 5.8 0.4
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* Acceleration Perturbations of
Stone, MD Daily Living
wrosurgery
ty Hospital A Comparison to 'Whiplash'
rison Street

IL 60612

Murray E. Allen, MD,* lain Weir-Jones, P. Eng, PhD,t Darren R. Motiuk, BSc,*
Kevan R. Flewin, BSc,* Ralph D. Goring, BSc,* Robert Kobetitch, AScT,t
and Andrew Broadhurst, MDt

force above which injury is probable and below which

Study Design. This study measured repeated human no injury is guaranteed.
head accelerations (g) during daily activities. Early studies attempted to measure some of the forces

Objectives. Perturbations of daily living were com- sustained by the neck during certain perturbations.
pared to similar data from low velocity rear-end motor Mertz and Patrick proposed a threshold limit for the
vehicle accidents.

Summary of Background Data. Past assumptions human neck in terms of torque during extension as it
suggest that motor vehicle accident severity does not occurred about the occipital condyles.5.6 Their studies of
correlate with the degree of sustained injury. Early en- a human volunteer, dummies, and cadavers used load
gineering studies indicated that occupant disturbance cells to measure the force application and motion pa-
in a low velocity motor vehicle accident is minor.

Methods. Eight volunteers were perturbed with 13 rameters of neck acceleration during static and dynamic
daily activities. Helmets on the heads of volunteers neck extension tests. They used a sled device with a rigid
were instrumented with tri-planar accelerometers with seat-back and no head restraining device. The force was
output sampling of 500Hz, sensitivit of 0.02 g, and a applied in the extension direction. Based on the results

Results. There was wide inter-subject response for of one human subject, they proposed a number of "lim-
various perturbations. Plopping backward into a chair its" above which neck injury (not defined) could occur
caused maximum peak acceleration horizontally at 5.6 g to a 50th percentile adult man. For a human subject, in
and vertically at 8.5 g, with force vector of 10.1 g at a 16.1 km/hr simulated rear-end impact that causes a
54.9. Mean impulse duration was 0.19 sec. There was s c h ofmvlty (a'.') o mct th cau-
no hint of Injury In any subject. sled change of velocity (AV) of 14.5 km/hr, the calcu-

Conclusions. Perturbations of daily living compared lated torque at the occipital condyles was 16.6 Nm, and
similarly to the jostling expected in low velocity "whip- the head acceleration was about 4.5 g. The authors
lash"-type motor vehicle accidents. IKey words: accel. found a mean peak acceleration of 7.2 g (range, 2.9-

ravtio nangeour veloci, w iuaehn rier ee1 . 14.0 g) with a mean pulse duration of 77 ms (range,

1285-1290 38-114 ms). They proposed that 60* was the extension
limit and 47 Nm was the dynamic torque limit (arbi-
trarily twice the measured static torque limit). The sub-

In the analysis of motor vehicle accidents, a key question ject did not wish to undergo more severe dynamics tests
is whether a particular accident exposed an occupant to above this level of impact "for fear of neck injury."
a force that could cause bodily injury. McNab noted Although Mertz and Patrick considered motion
that the severity of an impact cannot predict the degree about the occipital condyles as the key axis, other seg-
of injury in a person involved in a motor vehicle acci. ments of the neck also participate in extension-flexion
dent.4 Certainly, in major accidents, even among people motion.' Mertz and Patrick did not mention any clinical
in the same vehicle, the level of injury can vary greatly, or radiographic evidence of injuries in their subject.
from no injury to death. This underlines the importance These complex motion analysis studies were an early
of accepting exceptions, but denies the presence of a attempt to search for the elusive neck injury threshold in
possible injury threshold based on the application of humans, but cannot be easily duplicated for activities of
measurable forces. The question is whether there is a daily living, nor in a clinical setting.

Severy et al used accelerometers to assess the
"g"forces at the head of human volunteers and anthro-

From *Simon Fraser University, Burnaby, British Columbia, tWeir- pomorphic dummies in rear-end motor vehicle accidentJones Engineering, Vancouver British Columbia, and tFinders Uni-
versity, Adelaide, Australia. simulations. He used 1940s vintage cars without energy
Accepted for publication December 15, 1992. absorbing bumpers, and created velocity changes (AV)
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as high as 11.3 km/hr.9 The key measurements taken lamp) must remain free of cracks, continue to meet applied to:

were during extension of the head and neck, possibly visibility requirements, and remain adjustable within in the low

representing the so-called "whiplash" event. The im- allowable limits. In addition, the hood, trunk, and doors proportion

pulse duration of the impacts were 0.16-0.29 sec. In must operate normally, and the fuel, cooling, exhaust, applied to

this study, the two human test subjects received impacts propulsion, suspension, steering, and braking systems tant motio

that caused, respectively, 8.9 and 9.5 km/hr AV for the must all continue to operate normally. The pendulum acceleratioi

target vehicle with 5.0 g and 2.9 g at the subject's head. impact must not damage any of the above when applied (over 8 km

There were no reported injuries, so the so-called injury at 8 km/hr (5 mph) for the fully aligned impact, or at 4.8 Head re

threshold was not reached. However, the location of the km/hr (3 mph) for a 30' angled corner impact. In addi- neck strail

accelerometers was not mentioned, nor was there any tion to the pendulum tests, the vehicle also must with- study' and

indication that the acceleration force was resolved to the stand an 8 km/hr impact into a fixed collision barrier km/hr AV

center of mass of the head. They also did not vector with no damage. In the United States, the fixed barrier ing device

analyze the vertical and horizontal forces. (EBS) no-damage bumper impact limit is 4 km/hr (2.5 against th

Of interest is that Severy et al also considered out- mph). Although only implied, the Canadian regulations marker of

comes for the frontal collision, stating "The human say that the vehicle must withstand an 8 km/hr EBS marker be

subjects driving the rear car and restrained by the shoul- without residual deformity-i.e., a no-damage impact. bumper lii

der loop and lap-type safety belts reported no discom- These no-damage characteristics were confirmed with The ne:

fort from collisions at 10 and 20 miles per hour [16 to isolator-equipped Ford Escorts in a recent study.0 force is ap

32 km/h]." 9 Low velocity front-end accidents are A recent study reported on accelerations at the head presumabl

thought to be relatively safer than equivalent rear-end in human volunteers subjected to low velocity no- did not m

accidents. damage rear-end motor vehicle impacts in modem ve- AV, with!

In a motor vehicle accident (MVA), a key element in hicles with shock absorbing bumpers. 3.2 West' 2 used and Patric

determining the potential for injury is the magnitude the same data collection system as in the present study km/hr AV

and direction of force actually applied to the human (see Methods). Using West's data from 25 crash studies could tole

body. However, many aspects of the MVA must be with three target vehicles that had adequate head sup- at the he;

factored into the equation. The mass and immediate port, and plotting head accelerations versus EBS, a pre- 6-8 km/h

pre-impact velocity of the striking (bullet) vehicle will dictable regression relationship can be formed using 1 day-del

help determine the initial amount of kinetic energy only the horizontal head g (the other axes were not used Unfortun

available for exchange between the striking and struck in this calculation): human pt

(target) vehicles. In most cases, some of this crush en- g = 1.7 EBS - 4.4 (r = 0.92, P > 8-km/hr.

ergy is absorbed in the "plastic" components of the 0.001) expose th

vehicles, such as the bumper-absorbing systems and the None of the test subjects reported injury or distress, impact tl

vehicle's body itself as it deforms. However, these same despite LBS up to 13 km/hr and head acceleration up to types of i

components also contain "elastic" features that return 18 g. In West's study, only the barrier impact speed was What,

energy in a "rebound" effect-the "coefficient of resti- measured-the rebound effect of the impacts was not day term:

tution." When a motor vehicle strikes a fixed barrier for considered. Therefore, this formula cannot be used di- . tolerated

which there is no rebound effect from the barrier, the rectly with AV unless the coefficient of restitution is of about

AV equals the equivalent barrier speed (EBS). Where known or assumed. crease ov
there is some rebound of a vehicle, depending on the McConnell's' work used four different vehicles with end accic
coefficient of restitution, the resulting AV will be a sum four healthy volunteers and subjected them to rear-end Regarn
of the pre-impact velocity and the outgoing or rebound impacts where the struck vehicle reached AV of 7.8 lyzed the
velocity. km/hr, resulting in a head force of up to 4.3 g. After unteers, e

When analyzing an accident scenario, engineering multiple impact exposures of between 6 and 8 km/hr ble to th,
reconstruction analysis sometimes relies upon crush pa- AV, three of the four physician test subjects noted very rear-end
rameters that can determine AV, or in the case of low mild neck symptoms that began the next day and lasted
velocity or no-damage accidents, the EBS. A sudden for a few hours at most. Whether this represented "in- Maiho
change of the vehicle's motion-AV or EBS-will result jury" was not determined. Eight heal
in acceleration of its occupant, a key location being the Navin's micro-motion analysis of Hybrid II anthro- years [me
occupant's head, often calculated in terms of accelera- pomorphic dummies used pendulum impacts against a ' read and
tion or gravitational equivalent ("g") forces. This is the Volkswagon Rabbit to measure AV. As AV dropped, the tunity to-

bottom line that could lead to so-called whiplash or percentage of calculated acceleration forces applied to any tine.

neck strain. the head rose.7 Although the absolute degree of head Commito

The Canadian Motor Vehicle Safety Regulation motion correlated positively with AV, at the higher im- sively jos
(CMVSR) 215 requires that vehicles' bumpers meet cer- pact velocities, where there was some vehicle damage, a jostled a

tain minimum impact limits. A series of pendulum and lesser proportion of energy appeared to be applied to the ' event). T

barrier impact tests are required, after which all of the dummy. Presumably, more energy was dissipated into Eah

lamps and reflective devices (except the license plate deforming the vehicle, and less proportion of energy was head. On
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Daily Perturbations Versus 'Whiplash' 1287

o meet applied to accelerating the vehicle. This may mean that Table 1. Ust of Perturbations

. within in the low velocity no-damage incident, a significant Event Description
and doors proportion of the energy, albeit low in absolute terms, is tent D esription

exhaust, applied to the occupant. Although this was an impor- Look left Routine casual movement of heed as if jaking lit

ig systems tant motion analysis study, it did not directly assess Startle Unexpeced; starter pistol discharged behind subject
Shoulder check Driver's shoulder check with sudden left head turn

pendulum acceleration forces, AV was above the no-damage limit Stand up Stand upright suddenly from a kitchen chair

en applied (over 8 km/hr), and the subjects were not human. Head bob Seated; passively drop head backward as if falling

t, or at 4.8 Head restraining devices have advantages in reducing asleep
r. In addi- neck strain in rear-end MVAs.4 In Navin's dummy Sit down Routine sit down into a kitchen chair from a standingposition
nust with- study? and in McConnell's human study,3 at or about 8 sneeze Sniff finely ground popper into nostrils; uninhibited

on barrier km/hr AV the head would just strike the head restrain- sneeze
:ed barrier in eie h rsneo bec fha tie Cough Simulated nonexaggerated cough

ing device. The presence or absence of head strike Crowd jostle Unexpected bump against posterior left shoulder

m/hr (2.5 against the restraining device appears to be another Sack slap Anticipated hardy greeting slap on left upper back

egulations marker of impact severity, the suggested head strike rick chair Seated, relaxed, wheeled office chair kicked hard
egulations marker ofeimpact seri, te sueaste e a ge r from behind
:m/hr EBS marker being 8 km/hr AV, the same as the no-damage lop off step Hop off 20 tm step, land on both feet

;e impact. bumper limit in Canada. Plop in chair Plop passively backward into low-backed office chair

med with The next question concerns how much acceleration Description of 13 movement events. All were activties associated with daily

2dy.10 force is applied to an occupant in a no-damage accident, living; none caused any hint of injury.

t the head presumably below 8 km/hr EBS. Severy's two subjects
locity no- did not mention injury at impacts of 8.9 and 9.5 km/hr
iodern ve- AV, with 5.0 g and 2.9 g at the head, respectively. Megr accelerometess capable of recording from -20.00 to +20.00

esr' 2 used an arc' ujc a eutn opoedps 45 g, with a sensitivity of 0.02 g.11 The accelerometers measured
and Patrick's subject was reluctant to proceed past 14.5 head motion in three dimensions. The "x" horizontal axis was

sent study km/hr AV. West's work suggested that healthy subjects placed on the posterior of the helmet, about 1.7 cm from the
ish studies could tolerate up to 13 km/hr EBS and 18 g acceleration occiput, and measured the flexion (+) and extension (-) di-

head sup- at the head. McConnell's physician subjects tolerated rection. The "z" vertical axis was placed on the very top of the

-S, a pre- 6-8 km/hr AV and 4.8 g at the head with only minimal helmet, about 2.0 cm from the top of the skull, and measured

ned using 1 day-delayed symptoms that lasted for a few hours. downward (+) compressive motions and upward (-) tension

not used Unfortunately, there are no published studies with large motions. The "y" lateral axis was placed on the side of the

human populations that detail moderate, greater-than- helmet directly above the ear, about 1.5 cm from the scalp.

01) 8-km/hr EBS impacts. However, such collisions may The helmet appeared to have very little play when cinched

the subjects to risk of injury. The exact level of tight, but this was not measured.
expose the t to isk injury he ex a l The accelerometers were sampled at 500 Hz by a Hewlett-

r distress, impact that will cause injury to certain individuals or Packard (Palo Alto, CA) computer, which was programmed to
tio up to types of individuals is not known. calculate acceleration maxima, minima, and means, which
speed was What do these "g" force parameters mean in every- were tabulated using the program Automeasure." Accelera-
s wasnot i day terms? In non-MVA events, boxers have routinely tion data were analyzed from the lowest point of the initial
*e used di- tolerated head blows of 70 g with an impulse duration upswing of the positive curve to its peak, or the reverse for
titution is of about 0.10 sec.8 This is an order of magnitude in- negative values. This measured the change of direction during

crease over the expected blow from a no-damage rear- flexion-extension motions. These motion parameters were not

iicles with end accident. resolved to the center of mass of the head.

o rear-end Regarding day-to-day events, the present study ana- a Results
W of 7.8 lyzed the accelerations experienced at the head in vol-

3 g. After unteers, examining levels of force that could be compara- No significant accelerations were obtained in the lateral

I 8 km/hr ble to the under 8 km/hr EBS, low velocity, no-damage direction (y axis). Even the "look left" and "shoulder

ioted very rear-end motor vehicle incident. check" events, which could have shown interesting lat-

and lasted eral accelerations, showed maximum values of only 0.6
ented "in- g Methodsand 1.1 g, respectively. In all other events, the key

Eight healthy subjects (four men and four women, ages 19-50 direction of acceleration was rearward "x," and down-
II anthro- years [mean age 25 years]) volunteered for this project. They ward "z." The head position was not measured, nor was

against a read and signed informed consent forms and had the oppor- the actual motion of the head. Only the forces and the

apped, the tunity to withdraw from all or part of the testing procedure at direction of these forces that attempted to perturb the
applied to any time. The project was approved by a University Ethics head were measured. The impulse duration ranged from
e of head Committee and complied with research on human subjects. 0.12-0.22 sec, mean = 0.19 second. The curve from the
higher im- Each subject participated by actively moving or by being pas-

sively jostled in 12 different events. One subject was repeatedly
damage, a jostled at varying intensities in a wheeled chair (the 13th Figure 1, with an impulse duration of 0.16 sec.
died to the event). Table 1 describes the movement and jostling events. An acceleration force vector, within the impact pulse
-Ated into Each subject wore a helmetr that was firmly attached to the duration, was calculated from the maximum "x" and

rgy was head. On the helmet were three bidirectional micro-machined "z" values for each event. Note that this was a vector of
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Table 2. H'
Compounding the problem is that no two persons are

alike. Some are weak and others are strong-from the

"Z" :physical and psychologic sense. A trivial perturbation to
one person may, for another, appear to cause injury. In Ev(
addition, no two "similar" perturbations are truly the

4 -. same. What may appear the same is not likely to be so. A Look let

Even for the day-to-day events measured in this study, P startleA Shoulde
such as hopping off a step or plopping down into a A Stand u
chair, the forces applied to the body are not the same for p Head b(

......................--. . different individuals who appear to perform similarly. A Sit dow
G's There may be a range of forces that perturbs the body A Cough

below which "normal" persons under "normal" cir- P Crowd

2 cunstances would not likely be injured. This study used P Slap or
accelerations measured at the head as a way to compare A Hop oi

11 the perturbations of individuals involved in simple ev- A Plop in

-4 eryday events to low velocity, no-damage, rear-end mo- Mes
tor vehicle incident studies. Some events, such as swing- High. low, ar

Time in 0.01 seconds ing the head left and right, being startled, looking over ' ies ofxar

Figure 1. Accelerometer time curve. Typical acceleration time one's shoulder, or simply standing up, created acceler- movement. f

curve,"{' versus milliseconds x 10, for the "plop in chair" event ations below or only slightly above the background of 1 subject Ws

measured at the head. The negative "x" axis force is rearward, the g (range, 0.6 g-1.9 g). If injury appears to occur under
positive "' axis is downward. This data were used to calculate such circ
the vector forces in Figure 2.

spontane
Other

ing, or I
the forces only, not the direction of their application. create
These data do not purport to suggest components of
torque, shear, or axial compression. The "look left" level ofi

perturbation gave the minimum acceleration of 0.6 g at - vbut also
26.30. The "plop in chair" gave the maximum, which u ting ex
was up to 10.1 g at 54.9* (Figure 2, Table 2). step anc

There was a wide range of values among the individ- vector a
ual subjects for each event, with the mean of maximum which c;
values a factor of 2.4 over the minimum. The largest 10.1 G an uppe
differences for maximum to minimum, with a factor of 5.6 G 54.90 limits of
4.4, was seen at the lower level acceleration events, forces tl
where the maximum value still was very low. These 5490 ically r
events, although perturbing to a measurable degree, With
were so trivial they were almost unrecognizable by the can be
subjects. During the study, there was no hint from the some c
subjects that they were jostled in a manner that would 10.1 G should I
approach injury or harm. 8.5 G physica

I Discussion advent

Among the many factors that can influence the outcome computation d
of musculoskeletal stress or strain are various personal, The d
social, cultural, psychologic, legal, and nomogenic is- flexio
sues. 2 This study did not seek to compare or factor the "whipl
various issues that influence the outcomes from poten- ' range
tial injury, except to say they are all important. How- rce.
ever, a primary focus that is often overlooked is the vor

dynamics of the accident itself and the degree to which Figure 2. Vector forces. Schematic representation of the vector vector

the biomechanics of that event could lead to tissue dam- forces and direction for the high values of "plop in chair" event fully.
age. Where on the continuum of forces that perturb the scaled to represent the angle at which the forces would be directi

body lurks the potential for harm? Is there a force below expressed. The unequal triangle represents the "d' units and their When
vector. (The apparent axis of rotation of the head in this schematic tivitieswhich no damage will ever occur? Is there a force above is not the true motion of the head. It is an expression of the equiva

which injury is guaranteed? acceleration forces.)
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Daily Perturbations Versus 'Whiplash' 1289

Table 2. Head " Force Parturtitillifl of Daily Living
ins are I Vertical Directed Acceleration 16s) Vector Acceleration Vector Angle

.xomr the Rear Directed Acceleration (Gs

bation to - - "x- 1Y" "x.z
x OW High Mean Peak Value Degrees

injury. In Event Low High Mean Low

truly the 1 0h 263
to be so. A Look left 0.1 0.5 4a2 0.4.s 40.5

p Startle 0.2 0.7 0.5 0.2 0.4 0.4 0.1
is study, A Shoulder check 0.3 1.1 0.7 a1 0.4 0.2 1.1 18.2

a into a A Stand up 0.4 1.5 0.8 0.6 1.2 0.9 1.9 18.2
same for p Head bob 0.9 1.9 1.1 0.4 2.0 0o 2.5 52.2
milarly. A Sit down 0.5 1. 1. 52.5 .

miary A Sneeze 0.7 1.5 1.0 0.5 2.5 1.8 294.
the body A Cough 0.5 3.0 1.1 0.2 1.8 0.7 3.5 30.5

nal" cir- p Crowd jostle 0.8 1.9 1.4 0.7 3.0 1.8 3.6 4

tiyue lpo ak 0.5 2.7 1 0.5 3.1 1.8 4.1 482
.udy used p S a rack 24.3 31.

p Kick chair 1.0 3.7 2.1 0.7 2.3 13 2 1

compare A Hop off step 1.3 4.5 2.7 2.9 8.7 4.6 8.1 54.9

imple ev- A Plop in chair 1.8 5.6 3.3 2.7 8.5 4.4 10.1 54.9

-end mo- Means 0.7 2.3 14 0. 2.6 1.5 3.5 41.0

as swing- High. low, and means of eight subjects measured for acceleration g forces expressed in the rear direction (x axis). and downward vertical (z axis) for 13 simple

events of daily living. Side to side y axis data was uneventful and was not tabulated. The acceleration vector analysis of a forces was calculated from the maximum

cing over doalnd ie The angle of the forces represents the direction of the vector in degrees from horizontal. A = active, meaning a prepared planned

I acceler- movement. P n passive, meaning an uncontrolled or surprise motion, Only four pepper-induced sneeze measurements were collected on one subect only one
I acele- mu /kg s iv, man an tol ci tnsities up to the maximum limit tolerated by the kicker.

mund of 1 subject was kicked from behind in the chair, at increasing int

:ur under

such circumstances, then it can be considered to occur study1 2 used only the horizontal "x" axis. Therefore,

spontaneously. when this type of data is compared to the acceleration

Other simple daily events, such as sneezing, cough- perturbations of daily living, only the same axis should

ing, or being jostled as if in a crowd, were shown to be referenced.

create maximum accelerations to the head (and corre- Note that this study was limited in the number of

sponding torque levels at the neck) of 2.9 g to 3.6 g. This volunteers. The full spectrum of the population, with a

level of perturbation was recognizable by the subjects, presumed wide variance in physical and psychologic

but also was considered trivial. The upper level of jos- profiles, was not tested.

tling experienced by the subjects was for hopping off a In this study, the accelerations experienced by the

step and plopping down into a chair, with respective head in activities of daily living were greater than would

vector accelerations of 8.1 g and 10.1 g, neither of be intuitively expected. Also, the accelerations appeared

which caused any adverse notice by the subjects. Is this to be greater than those seen in the same parts of the

0.1 G an upper limit of normal tolerance? Exploring the lower body during some no-damage motor vehicle rear-end

4.90 limits of routine events is safe, but exposing subjects to impacts. When assessing the claims of and potential for

forces that could be considered injurious would be eth- injury from an accident, many medical, psychologic,

ically treacherous. and possible nomogenic facets of the case need to be

Without the application of some external force, there considered. One factor is the estimate of the forces that

can be no motion. Ultimately, it is the application of were applied to the person and the range of possible

some external force that causes bodily motion that tissue damage that could be caused by applying such

should be responsible for all that follows, particularly if forces. With no-damage accidents, one can reassure an

8.5 G physical bodily injury is to be considered. With the accident victim who had otherwise been frightened by
advent of sophisticated accelerometers and high-speed rumors of horror and the mystery that sometimes fol-

computer-based acquisition systems, collecting acceler- lows the MVA "whiplash" scenario.

ation data for various bodily perturbations is feasible. References
The purpose of this study was to express an extension-
flexion motion that could be related to the so-called 1. Bogduk N. The anatomy and pathophysiology of whip-

"whiplash" motion of MVA scenarios. The extension lash. Clinical Biomechanics 1986;1:92-101.

measured, only the accelerations or 2. Cats-Baril W1, Frymoyer JW. Identifying patients at risk
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s and their When comparing acceleration stresses between daily ac- of human test subject kinematic responses to low velocity rear

schematic I tivities and MVAs, it is important only to compare the end impacts. Society of Automotive Engineering, 1993, tech-
i of the equivalent axis. For example, West's MVA bump nical paper no. 930889.
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Summary
Exponent" Failure Analysis Associates was retained on behalf of Six Flags to investigate the type,
frequency and severity of injuries that occur at fixed amusement parks and assess the likelihood of
injuries to patrons on rides.

This project was separated into six tasks:

* Review of the scientific literature
* Analysis of roller coaster accelerations including their magnitude and duration
* Analysis of occupant head acceleration data from a sample of Six Flags roller coasters
* Measurement of head accelerations for common daily or recreational activities
* Examination of first-aide station data from a sample of Six Flags parks
* Review of U.S. Consumer Product Safety Commission (CPSC) National Electronic Injury

Surveillance System (NEISS) data

Exponent has come to the following conclusions within a reasonable degree of engineering and scientific
certainty based on the information available at the time of this report. Each conclusion is discussed fully
in the body of the report.

Roller Coaster Acceleration Levels
1. Over the last forty years, there has been no increase in the accelerations produced in roller

coasters as determined from data supplied by Six Flags. Maximum speed data for 167 roller
coasters and acceleration data for 110 roller coasters were compared with the year of initial
installation. While top speeds have increased, maximum accelerations have remained essentially
unchanged.

2. Computer analysis indicated that none of the 34 Six Flags rides with the highest levels of +Gz
accelerations evaluated had accelerations with high enough magnitudes and long enough durations
to cause loss of consciousness, even to a rider who was very susceptible to G-induced loss of
consciousness (GLOC).

3. Common activities like sneezing, falling down, swinging on a swing, or being hit in the head with a
pillow caused accelerations of the head that far exceeded the magnitude or duration of
accelerations experienced by riders of roller coasters (as determined from rider acceleration data
supplied by Six Flags). Being hit on the back of the head with a pillow was found to cause head
accelerations as high as 11 G's in the y direction (side to side) and 14 G's in the +z direction (head
to toe). Being spun on a tire swing generated a peak of negative 2.3 G's in the z direction (toe to
head) sustained for a duration of more than 25 seconds. A simple sneeze generated nearly 4 G's
in the x direction (front to back).

Head Injuries
4. After reviewing occupant head acceleration data supplied by Six Flags for 71 of their most dynamic

roller coasters, Exponent has determined that it is highly improbable that a normal rider would suffer
a serious head injury. Occupant head accelerations supplied by Six Flags for riders on 71 roller
coasters were compared to head accelerations experienced during common activities using an
index based on the Federally accepted Head Injury Criterion (HIC). The calculated HIC scores for
the rides ranged from 0.2 to 9.4. Exponent's in-house testing found that getting hit on the head with
a pillow generated a HIC score of 20.8 and a sneeze generated a HIC of 0,5.

5. The annual rate of spontaneous, non-traumatic, non-impact cerebrovascular injuries (e.g., vertebral
artery dissections, carotid artery dissection, sub-arachnoid hemorrhages) that have occurred at
amusement parks is far below the rates that one would expect at fixed theme parks based on
attendance and average rates for the general population. The scientific literature reports that the
rate of spontaneous, non-traumatic, non-impact cerebrovascular injuries for the population of the
United States is approximately 25,000 injuries per year.
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CPSC Injury Data
6. The use of a single product code that includes amusement attractions of all types, the mis-match

between the geographic distribution of amusement parks and NEISS hospitals, changes in the
sample of hospitals beginning in 1997, and the redaction of ride and park specific identifiers
reduces the usefulness of NEISS data for estimating amusement park ride injuries and assessing
trends.

7. Additions of hospitals close to several major theme parks in 1997 are likely to have caused the
reported increase in CPSC estimated injuries in 1997. Six of the newly added hospitals are within
20 miles of parks that had an estimated attendance of 35 million patrons in 1997. This represents a
net increase of approximately 29 million fixed park attendees within 20 miles of a sample hospital.
All analysis should be conducted with post 1997 data in order to remove this sample bias.

8. The CPSC data from 2001 include a total of 5,335 injuries of all types associated with fixed site
amusement park rides in the year 2001. This number is lower than the number of injuries in the
CPSC data associated with children's wagons (6,934) and beach chairs or folding lawn chairs
(7,103) from 2000 NEISS data.

9. The majority of all injuries associated with fixed amusement park rides were found to be minor in
nature and did not require hospitalization. The majority of the injuries were contusions, abrasions,
strains and sprains, and lacerations. The CPSC has reported that since 1993 the rate of
hospitalized injuries for fixed amusement park attendees was one out of 2.7 million attendees or
0.00004%. Less than 2% of all the injuries recorded by the CPSC NEISS related to fixed
amusement park rides required hospitalization. This percentage is two points lower than the 4% of
injuries requiring hospitalization for all products that the CPSC monitors. Data from 2001 showed a
similar rate.

10. There was a 19% drop in total fixed site amusement park associated injuries for patrons from 2000
to 2001 in the CPSC NEISS data.

11. Exponent analysis of CPSC NEISS data from 1997-2001 showed no statistical increase in the
national estimate of the number of injuries associated with fixed site amusement park attractions
over that time period while attendance has increased.

12. Exponent analysis of CPSC NEISS data from 1997-2001 indicate that risk of injury associated with
fixed site amusement parks has not exhibited a statistically significant trend during that time. Risk
of injury associated with fixed site amusement park attractions has dropped in each of the last two
years.

Six Flags Injury Data
13. Analysis of first-aide station data from five Six Flags parks, representing approximately 25% of all

attendance of Six Flags parks for the years 1999 to 2001 showed that only 6% of all patrons
complaining of injuries at the parks requested or required transport to a medical facility outside the
park. Analysis of nine years of data from one park showed that only 5.8% of those transported from
the park required hospitalization.

14. The injury rate for Six Flags patrons requiring or requesting transport to a medical facility outside
the park was found to be seven injuries per million park attendees (0.0007%), with an estimated
one serious injury (requiring overnight hospital stay) per 2.6 million park attendees (0.00004%).

15. The injury rate for Six Flags roller coaster patrons requiring or requesting transport to a medical
facility outside the park was found to be one injury per million rides (.0001%). Serious injuries
requiring an overnight stay at the hospital would be even lower.
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I Literature Search

Exponent conducted an extensive review of 22 online databases of literature to obtain data on
accidents associated with amusement park attractions, roller coaster design, occupant
kinematics, occupant injury reports, and the medical facts behind reported associated injury
types.

1.1 Search Methods

The keywords used in the search included medical terms, theme park related terms, accident and
injury terminology and terms associated with similar fields of study. The search terms were
combined in various patterns and combinations in order to break the search into manageable
segments. The terms that were searched for included:

accident, amusement, aneurysm, artery, automobile, automotive, biomechanical,
brain, car, carnival, carotid dissection, cerebral contusion, cerebrospinalfluid
leak, cerebrovascular, cervical, chiropractic, computer model, chronic subdural
hematoma, dissecting, decompensation of congenital retinal macrovessel,
dissection, etiology, event, fatality, g-environment, g-force, head, head
excursion, headache, hematoma, injury, intracranial, investigation, load,
manipulation, mechanism, migraine, moment, neck, occurrence, pathology,
pericallosal, phenomenon, physiotherapy, post traumatic migraine, rate or
frequency, rehabilitation, ride(s), roller coaster, rollover, spinal, spinal cord
compression by enterogenous cyst, spine, sport or recreation, subarachnoid
hemorrhage trauma, syringomyelia, traumatic carotid artery compression,
vehicle, vertebral artery dissection, water park, whirling

1.2 Literature Search Results

From the databases searched and using combinations of the terms above, the results were then
filtered to eliminate publications that dealt with treatment of injuries. The resulting searches
yielded 1,209 potential literature items without duplicates. The number of items by database is
presented in Table 1. 1.
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Table 1.1 Number of articles identified by search category.

Search Category Results Returned

Vertebral Artery Dissection 309

Cerebral Aneurysm and Biomechanics and/or 600
Computer Modeling

Amusement Park Injury Rates 99

Amusement Park Injury Incidents 56

Amusement Park-Related Physical Conditions, 40
such as Headaches

Automotive Rollovers - Injuries and Head 100
Acceleration Data

Amusement Park Ride Accelerometer Data 5

Total Results Returned 1,209

For each of the 1,209 results an abstract or full text citation was acquired for initial review and a
determination was made as to the applicability to the topics of interest. More than 150 articles
were acquired initially for review. Additional articles have been added to the review as the
project has progressed and new information was identified. The medical literature reporting
injuries that have some association with amusement rides are primarily in the form of the case
study or letter to the editor. These forms of reporting have a variable degree of peer review
depending upon the journal and report only on the occurrence of an event that has been
infrequently reported in the literature and may be of interest to physicians. No scientifically
based, broad population relevant conclusions can be drawn given the typically low sample size
in the reports.

1.3 Results

Exponent identified the following types of cerebrovascular injuries from the medical literature
that have been reported to be associated with amusement park rides:

- Carotid and vertebral dissection
- Subarachnoid hemorrhage (SAH)
- Chronic subdural hematoma
- Cerebrospinal fluid leak
- Decompensation of congenital retinal macrovessel
- Cerebral contusion with SAH
- Syringomyelia
- Spinal cord compression by enterogenous cyst
- Post traumatic migraine
- Traumatic carotid artery compression
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There have been additional injury types reportedly associated with amusement park attractions
publicized in certain amusement park ride injury reports, however these injury types have yet to
be identified in the scientific literature. The discussion of injuries will be limited to those
identified in Exponent's literature search.

1.3.1 Dissections of the Carotid and Vertebral Artery

An arterial dissection is defined as a tearing of the internal lining, intima, of an artery, which
propagates and eventually blocks the flow of blood beyond the blockage. Carotid artery
dissection (CAD) and vertebral artery dissection (VAD) can occur spontaneously but have also
been associated with judo, yoga, golf, soccer, running, tennis, baseball, snow boarding, vigorous
head/neck movement while dancing, falling on back, vehicular accident, lifting, ceiling painting,
nose blowing, minor neck trauma, chiropractic manipulation, vigorous self-manipulation of the
neck, and routine anesthesia. Risk of dissections is increased in females and people with
hypertension (48% in one series), oral contraceptive use, diabetes mellitus, chronic headache
syndromes, intrinsic vascular pathology, fibromuscular dysplasia and cystic medial necrosis.
The mechanism is unknown and often the patient that presents with a dissection is a young,
healthy individual. The combined incidence of both VAD and CAD is estimated to be 3.5 per
100,000 individuals, or roughly 9,200 per year over the last decade. The Chiropractic
community, in response to a Canadian Medical Association Journal paper that reported that
sudden neck movement such as that found in chiropractic manipulation was correlated to
vertebral artery dissection, stated that it was impossible to predict who would be susceptible to
this problem:

"To its credit, this manuscript correctly suggests that a variety of neck
movements could precipitate vertebrobasilar artery events, in keeping with a

large and compelling body of literature. - Spinal manipulation represents but a
tiny fraction of these precipitating movements and is almost impossible to
identify with any regularity as the predominating cause of an arterial dissection."

The Foundation for Chiropractic Education and Research, Response to
Vertebral Artery Dissection Study: Canadian Medical Association Journal,
Anthony L. Rosner, Ph.D., April 10, 2001

Although some form of sudden neck rotation with bending seems a consistent theme in the
possible development of a carotid or vertebral dissection, there are no injury thresholds for this
rare event. Even if thresholds based on known forces involved in chiropractic manipulation
could be developed, it is not known if the criteria would be applicable to those susceptible to
this rare injury.

1.3.2 Subarachnoid Hemorrhage

A subarachnoid hemorrhage involves bleeding between the middle membrane covering of the
brain and the membiane covering the brain itself, within the cerebrospinal fluid (CSF) filled
spaces surrounding the brain (also known as the subarachnoid space). The most common cause
of any form of subarachnoid hemorrhage is mechanical (penetrating or blunt) trauma. In the

DCl 8967.000 A0TO 0802 FRO1

Page 215 of 318

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



case of spontaneous subarachnoid hemorrhage, 95% of the cases are a result of a ruptured
aneurysm. This may occur from a ruptured cerebral aneurysm or arteriovenous malformation,
but some result from unidentified causes. Annual incidence of nontraumatic aneurysmal SAH is
6-25 per 100,000, or between 16,000-66,000 per year in the United States. Cerebral aneurysm
formation is a long-term process of vessel weakening thought to be associated with the risk
factors of hypertension, ischaemic heart disease, diabetes mellitus, hyperlipidaemia. and
arteriosclerosis. Lifestyle habits such as smoking, alcohol consumption, and medications such
as anticoagulants, oral contraceptives, or hormone replacement therapy have also been
published as risk factors. The ultimate rupture of a cerebral aneurysm is assumed to be
associated with an increase in transluminal cerebrovascular pressure of some origin. In the case
of the z accelerations generated in roller coasters, the fluid nature of the blood allows it to flow
relative to the solid structures of the head. Positive +Gz accelerations cause a reduction of the
vessel pressure (perfusion pressure) within the brain rather than cause an increase. This
decreases the transluminal pressure and thus decreases the likelihood of SAH. Conversely,
during negative -Gz accelerations on roller coasters, the pressures within the cerebrovasculature
and in the surrounding cerebrospinal fluid space increase in parallel. This effect combined with
the counter-pressure action of the skull protects the cerebrovasculature from high transluminal
pressures.

1.3.3 Chronic Subdural Hematoma

A subdural hematoma is a collection of clotted blood that exists under the dural (outermost)
membrane of the brain. An acute subdural hematoma is one that is clotted which is found in a
time period of up to several days after the initiating event. A subacute subdural hematoma is
where there is a mixture of clotted and fluid blood, which is found in a time period of several
days to three weeks after the initiating event. A chronic subdural hematoma is one where the
hematoma is fluid, which is found in a time period longer than three weeks after the initiating
event. The chronic type is a result of an initial insult or acute subdural hematoma, which can be
traumatic or non-traumatic. Traumatic subdural hematoma can result from a contusion or
laceration of the brain tissue or as a result of the tearing of bridging veins in the brain. The
incidence of chronic subdural hematoma is 1-2 per 100,000 people per year, or roughly 2,600-
5,300 per year in the United States. The majority of the patients with chronic subdural
hematoma are elderly or chronic alcoholics. Cerebral atrophy is apparently an important
association to the development of this injury. The associated head trauma is often stated as
"mild" and in up to one-half of the cases any trauma is denied. While the exact cause in the case
of chronic subdural hematoma is unknown, the rupture of bridging veins is often attributed to
the condition.

Injury thresholds for acute subdural hematoma have been published. The mechanism of injury
has been established as rotational acceleration of the head with thresholds for injury of 12,500
rad/s2 at 60 rad/s. (Thibault and Gennarelli, 1990) No head rotational acceleration data have
been provided to evaluate the risk of such an injury in this analysis of accelerations experienced
by roller coaster riders.
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1.3.4 Cerebrospinal Fluid Leak

A cerebrospinal fluid (CSF) leak occurs when there is a leakage of spinal fluid from the
subarachnoid space to the extradural space. This leakage results from a tear in the dura that can
be traumatic or due to surgery or some other intervention. CSF is forced through the hole in the
dura by the intradural pressure (intracranial or intraspinal), which is higher than atmospheric
pressure. Known associations with CSF leakage are generalized connective tissue disorder
involving spinal meninges and events reported such as roller coaster exposures, white-water
rafting, a bump into table during a brawl, jet-skiing, childbirth, weightlifting, playing volleyball,
sexual intercourse, jogging and a fall on the buttocks while roller-blading. Traumatic induction
of a CSF leak has been associated with a fracture of the skull base (basilar skull fracture). The
most common sites for CSF leak are from the nose and ear. There is no published estimate for
the rate of CSF leaks.

1.3.5 Decompensation of Congenital Retinal Macrovessel

A congenital retinal macrovessel is a large vessel, usually a vein, which traverses through the
central macula and has large tributaries extending on both sides of the horizontal raphe. This
congenital formation typically does not affect visual acuity. This particular injury mode,
although very rare, was associated with retinal arteriovenous and cilioretinal anastomoses,
which are connections to other vessels that would decrease blood circulation to the retina.
While this anomaly had not previously presented as a problem in the sole case reported in the
literature due to compensation of the circulatory system, this one person experienced 10 to 15
roller coaster rides per week over a 3-month period. The reporting physicians speculated that
the changes in venous pressure during such exposures caused leakage in the arteriovenous
communications, which led to the decompensation. This finding had never been reported before
and the causation link is speculative. There are no injury criteria defined for this anomaly.

1.3.6 Cerebral Contusion with SAH

A cerebral contusion is a focal injury that results when localized mechanical forces damage the
small blood vessels and other tissue components of the neural parenchyma. Bleeding from the
damaged blood vessels is the most obvious feature of this injury, which can extend into the
subarachnoid space. These focal injuries are a result of head impact.

Injury tolerances for head impact have been established through research and testing. The Head
Injury Criterion (HIC) is the most used criterion to assess the likelihood of an injury when head
impact is involved. In the "Final Economic Assessment, FMVSS No. 201, Upper Interior Head
Protection", NHTSA, June 1995, the agency utilized two different sets of HIC versus injury
severity curves. These were labeled by NHTSA as the Expanded Prasad/Mertz curves and the
Lognormal Curves. Prasad/Mertz developed the AIS 4+ curves and NHTSA developed
additional curves based on the AIS 4+ Prasad/Mertz curve. The HIC is discussed fully in the
FMVSS standard and the mechanics and computations for the score will be discussed in a later
section of this report.
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1.3.7 Syringomyelia

Using information from the National Institute of Neurological Disorders and Stroke,
syringomyelia is a disorder in which a cyst forms within the spinal cord. This cyst, called a
syrinx, expands and elongates over time, destroying the center of the spinal cord. Since the
spinal cord connects the brain to nerves in the extremities, this damage results in pain,
weakness, and stiffness in the back, shoulders, arms, or legs. Other symptoms may include
headaches and a loss of the ability to feel extremes of hot or cold, especially in the hands. Each
patient experiences a different combination of symptoms.

About 21,000 American men and women have syringomyelia, with symptoms usually beginning
in young adulthood. Signs of the disorder tend to develop slowly, although sudden onset may
occur with coughing or straining. If not treated surgically, syringomyelia often leads to
progressive weakness in the arms and legs, loss of hand sensation, and chronic, severe pain.

A number of medical conditions can cause an obstruction in the normal flow of cerebrospinal
fluid, redirecting it into the spinal cord itself. For reasons that are only now becoming clear, this
results in syrinx formation. Cerebrospinal fluid fills the syrinx. Pressure differences along the
spine cause the fluid to move within the cyst. Researchers believe that it is this continual
movement of fluid that results in cyst growth and further damage to the spinal cord.

Two forms of syringomyelia are thought to exist. In most cases, the disorder is related to an
abnormality of the brain called a Chiari I malformation, named after the physician who first
characterized it. This anatomic abnormality causes the lower part of the cerebellum to protrude
from its normal location in the back of the head into the cervical or neck portion of the spinal
canal. A syrinx may then develop in the cervical region of the spinal cord. Because of the
relationship that was once thought to exist between the brain and spinal cord in this type of
syringomyelia, physicians sometimes refer to it as communicating syringomyelia. Here,
symptoms usually begin between the ages of 25 and 40 years and may worsen with straining or
any activity that causes cerebrospinal fluid pressure to fluctuate suddenly. Some patients,
however, may have long periods of stability. Some patients with this form of the disorder also
have hydrocephalus, in which cerebrospinal fluid accumulates in the skull, or a condition called
arachnoiditis, in which a covering of the spinal cord--the arachnoid membrane--is inflamed.

The second major form of syringomyelia occurs as a complication of trauma, meningitis,
hemorrhage, a tumor, or arachnoiditis. Here, the syrinx or cyst develops in a segment of the
spinal cord damaged by one of these conditions. The syrinx then starts to expand. This is
sometimes referred to as noncommunicating syringomyelia. Symptoms may appear months or
even years after the initial injury, starting with pain, weakness, and sensory impairment
originating at the site of trauma.

The primary symptom of post-traumatic syringomyelia is pain, which may spread upward from
the site of injury. Symptoms, such as pain, numbness, weakness, and disruption in temperature
sensation, may be limited to one side of the body. Syringomyelia can also adversely affect
sweating, sexual function, and later, bladder and bowel control.
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Some cases of syringomyelia are familial, although this is rare. In addition, one form of the
disorder involves the brainstem. The brainstem controls many of our vital functions, such as
respiration and heartbeat. When syrinxes affect the brainstem, the condition is called
syringobulbia.

There are no published injury criteria for syringomyelia and no recommendations can be made.

1.3.8 Spinal Cord Compression by Enterogenous Cyst

An enterogenous cyst, a developmental anomaly derived from the foregut, is a rare cause of
slowly progressive spinal cord compression. In the single case reported in the literature, the
patient's progressive course of spinal cord compression was rapid and the symptoms developed
after attending an amusement park where she rode differing types of acceleration-imposing
rides. In the lone case of this type of injury associated with an amusement ride, the reporting
physician's correlations of this rare occurrence to the park activities were speculative and
centered on repeated hyperextension of the neck. The exact amusement rides encountered were
not delineated but direct investigation of the specific rides would be required to substantiate
these speculations. While there are injury criteria for neck injury, there are no injury criteria for
this entity.

1.3.9 Post-Traumatic Migraine

While other post-traumatic headaches related to amusement ride exposure have been related to
other problems such as SAH, a one-patient case report was published where a patient had post-
traumatic headache without any definable brain injury. According to the International Headache
Society, post-traumatic migraine is defined as headache associated with head trauma and is part
of the presentation associated with the post-traumatic or post concussion syndrome that follows
significant head injury. The occurrence of the condition is not necessarily associated with
definable central nervous system injury and can occur whether or not unconsciousness occurred.
at the time of trauma. The syndrome is characterized by headache, vertigo, impairment of
memory and concentration, and variable degrees of emotional impairment. One 1944 report
indicated that even minor trauma could cause chronic headache and aggravate migraine in
susceptible individuals. Injury thresholds for concussion have been published at an angular
acceleration threshold of 8,000 rad/s2 at 75 rad/s angular velocity for incidents without head
impact. For incidents with head'impact, the Wayne State and the Japanese Automakers Research
Institute (JARI) head injury curves indicate thresholds for concussion starting at 8OG to 10OG
for impact duration of 6 to 12 msec and increasing to 300G for I msec impact durations.

1.3.10 Traumatic Carotid Artery Compression

A single patient case study reported the finding of a thrombosis (blood clot) in the internal
carotid artery in a 13-year-old girl who demonstrated a speech defect immediately after stepping
off a roller coaster. The origin of the thrombosis was speculated to be due to a direct impact of
the neck with the restraint harness. which caused blood clot formation within the intima of the
left internal carotid artery. No analysis of the actual ride characteristics was discussed. Our
review found no injury criteria for such an event.
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1.4 Discussion

Recent accident reports have identified several other types of injuries in the descriptions of the
accident; these would include ruptured middle ear, retinal tears, and axonal damage with fornix
tear. These injury mechanisms were not addressed in the initial literature search and it is
recommended that additional searches be performed to investigate these injury types.
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2 Roller Coaster Accelerations and Human
Response

2.1 Background
A "G" is a unitless measure of the acceleration of an object normalized by the acceleration
caused by gravity. Neglecting air resistance, Earth's gravitational pull causes free-falling
objects to change their speeds by a constant of 9.81 m/s2 (32 ft/s2 ). Dividing acceleration
(calculated as change of velocity divided by time) by this constant yields the acceleration in Gs.
Because acceleration is related to velocity and time, two different rides traveling at two different
speeds may create the same accelerations if the radius of the turns' vertical and horizontal
curvatures were different. For example, a roller coaster traveling at 50 mph going through the
bottom of a vertical curve may generate 3Gs. If the speed of the roller coaster is increased to
100 mph and the vertical radius of curvature is increased by four times, the coaster will still
generate 3Gs. Understanding this relationship is critical when examining the descriptive
information provided with roller coaster advertisements and specifications. One cannot
conclude that a ride will create higher accelerations just because it is taller and has a higher
maximum speed. The converse is also important: just because a roller coaster is short and slow,
one cannot assume that the accelerations experienced will be low.

Scientific advances in roller coaster technology, manufacturing, and materials allowed coasters
to become taller and faster. Also, the number of roller coasters built each year has increased as
the popularity of theme parks has increased over the years. Six Flags provided maximum speed
data versus the year of manufacture to Exponent for 167 roller coasters built since 1967. Some
of the roller coasters included in this analysis are not currently in service. Analysis of these data
showed that there has been a statistically significant increase in maximum speed over that time.
Figure 2.1 shows the data for maximum speed plotted against year of manufacture. The plot
also displays the fitted linear regression line and the confidence intervals for the prediction.

Acceleration data gathered for the majority of Six Flags roller coasters were also made available
to Exponent. Maximum vertical (z-axis) and lateral (y-axis) accelerations were provided for
110 roller coasters, these acceleration values were compared to the year of manufacture. Figure
2.2 and Figure 2.3 show the data plots for these comparisons along with the linear regression
lines. For both comparisons, no statistically significant changes in the vertical or lateral
accelerations were found.
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Figure 2.3 Plot of Six flags roller coasters maximum y-axis (lateral) acceleration versus year of
manufacture and linear regression with 95% confidence interval.

Additionally, there have been recent comparisons of current roller coaster G accelerations
experienced by occupants to those experienced by space shuttle astronauts and racecar drivers
stating that coasters generate accelerations that exceed those of the space shuttle or racing cars.
It is noteworthy that these comparisons have failed to consider the duration of the acceleration
exposure. One important concern when examining human response to accelerations is loss of
consciousness or "blacking out". In order to address this concern, Exponent evaluated ride
acceleration data supplied by Six Flags for a sample of their rides.

2.2 G-Induced Loss of Consciousness Analysis

To examine the likelihood of a rider experiencing a G-induced loss of consciousness (GLOC),
data from a sample of roller coasters from Six Flags parks across the U.S. were analyzed. Six
Flags provided Exponent with 124 sets of acceleration data for 71 roller coasters out of
approximately 176 potential roller coasters within their parks. These data were collected prior
to Exponent's retention and were readily available for analysis. Data were not initially collected
for the purpose of GLOC analysis; however, they were converted for that purpose.

2.2.1 GLOC Background

When an occupant of a vehicle is exposed to an increase in +Gz (head-to-toe acceleration), the
pressure required to perfuse the eyes and the brain increases and blood begins to pool in the
capacity blood vessels of the lower limbs. With increased acceleration levels, the perfusion
pressure requirements increase and the volume of blood returning to the heart decreases further.
The eyes and the brain receive an ever-decreasing amount of oxygenated blood. If the duration
of the exposure is long enough, the eyes, requiring a greater perfusion pressure owing to the
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intraoccular pressure, will manifest symptoms first such as a loss of peripheral vision, which can
proceed to a total loss of vision if the acceleration level is high and long enough. As the
acceleration level and duration increases, unconsciousness can occur where the vehicle occupant
additionally looses postural control. The vehicle occupant would regain consciousness once the
acceleration level was below their perfusion pressure threshold, which would be higher than
normal due to activation of cardiac compensation mechanisms. Many experimental subjects and
training participants have experienced acceleration-induced unconsciousness episodes without
any lasting effects. The concern with respect to an amusement park attraction rider is the
experience of losing consciousness and the lack of postural control, which might result in an
injury.

2.2.2 Prediction of Acceleration Induced Loss of Consciousness

To investigate the potential for acceleration induced loss of consciousness, a computer model
developed by M. Technologies was used. M. Technologies of Huntingdon Valley, PA is a
wholly owned subsidiary of EDO Corporation, a supplier of advanced electronic,
electromechanical and information systems and engineered materials to the government,
military, and industry. The model is available through the Crew Systems Engineering
Department, Naval Air Warfare Center- Aircraft Division, Patuxent River, MD

This model has been used by M. Technologies for various experimental protocols and research
into loss of consciousness. The model has also been used to develop acceleration profiles used
in experimental protocols for intentional loss of consciousness experiments where aircraft
recovery was studied. Currently, the model is a part of the US Navy's Smart Advanced Life
Support System as a predictive module in an overall control system scheme. The model was
designed to predict if an unconsciousness event will occur or had occurred based on z-axis
acceleration data and physical characteristics of the vehicle occupant. The potential for
acceleration induced unconsciousness was predicted using the Cammarota model. This model
was developed based on the use of percolation theory to determine when communication was
lost in a node matrix. The parameters used for node on/off state are acceleration, blood
pressure, and eye level loss of pressure as a function of acceleration, pressure loss as a function
of time and acceleration, 02 saturation loss as a function of time and acceleration, and tissue 02
utilization rate.

As acceleration level increased, nodes would be lost within the matrix. An unconsciousness
event was declared when communication, "top to bottom", was lost within the matrix. Four
historically significant GLOC studies were used to validate the predictive capability of the
model. The model was validated by accurately predicting the result of the following large-scale,
historically significant studies of human response to G acceleration.

The first study by Rosen (1943), titled "Acute Arrest of Cerebral Circulation" involved testing
137 people who were subjected to acute cessation of cerebral circulation by a cervical
pneumatic cuff. This study established that the time to unconsciousness when the brain is
quickly deprived of perfusion was about 6 seconds. One could argue that the vertebral arteries
are not occluded totally and venous drainage is impeded in this approach but still the study was
able to establish a baseline time to unconsciousness.

The second study by Cochran (1954) titled "Variations in Human G Tolerance to Positive
Acceleration" involved testing 1,000 people who were subjected to early centrifuge exposures to
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unconsciousness. This study is notable because it involved a large number of subjects and was
able to establish the acceleration level and time at which loss of peripheral vision, blackout, and
unconsciousness take place. This study is somewhat flawed by the slow response of the
centrifuge so the times to unconsciousness are shorter than higher onset machines. However,
the model was able to accurately predict the human response to the slow-onset machine.

The third study by Beckman (1954) titled "Human Tolerance to High Positive G Applied at a
Rate of 5 to 10 G per second" involved testing nine people who were subjected to centrifuge
acceleration to unconsciousness at levels of 6 to 15G with onset rates ranging between 3.5 to 9.6
G/second. This study is notable because it was able to establish the time to unconsciousness for
high-level, high-onset acceleration that was considered, at that time, similar to future jet fighter
aircraft acceleration profiles. The times to unconsciousness for high G and onset of acceleration
were significantly shorter than those found by Rossen (1943) and were attributed, while not
proven, to the drainage of blood from the head during the acceleration exposure.

The fourth study by Houghton (1985) titled "Performance and Physiological Effects of
Acceleration-Induced (+Gz) Loss of Consciousness" involved testing eight people who were
subjected to gradual and rapid onset rate accelerations to unconsciousness while measuring
neurocognitive performance in the centrifuge before and after the unconsciousness event. The
study is notable because it was able to establish the time to return to consciousness after a
GLOC.

In order to examine the likelihood of GLOC on roller coasters, a fictitious rider was created.
This fictitious rider is assumed to be an individual who is highly susceptible to GLOC because
of various physical conditions. The physical parameters used to create this individual are
unlikely to be exhibited by any single person. The individual is estimated to be in the 99.9th
percentile in terms of inability to resist +Gz acceleration. The characteristics of such a fictitious
rider as compared to a normal individual are shown in Table 2.1. The model allows for the
independent manipulation of each of the three parameters to create a rider that has each of the
individual characteristics of a 99.9th percentile individual. It is extremely unlikely that any
single individual would be in the 9 9 .9th percentile for all three of these characteristics.
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Table 2.1 Physical characteristics of subject used in the GLOC model.

999m 5 50" 95th 99.9
Percentile Percentile Percentile Percentile Percentile

Most Least
Susceptible (1) Susceptible (2)

Eye level blood
pressure drop 27.3 23.1 18.3 13.5 9.3
18.3 +/- 3 mmHg

Heart level Mean
Blood Pressure
(Resting Systolic 100 114 130 146 160
Blood Pressure)
130 +/- 10 mmHq

Metabolic Offset
-29 -16 0 16 29

0 +/- 10 unitless

(1) This subject is assumed to loose blood pressure at the level of the eyes and the brain at
the highest degree for each additional G level, has the lowest cardiac driving pressure to
sustain perfusion of the brain, and uses oxygen at the fastest rate.

(2) This subject is assumed to loose blood pressure at the level of the eyes and the brain at
the lowest degree for each additional G level, has the highest cardiac driving pressure to
sustain perfusion of the brain, and uses oxygen at the slowest rate.

The z-axis (head-to-toe) acceleration data from the sample of roller coasters were input into the
computer model with the physical parameters of the fictitious rider with the highest
susceptibility to GLOC or the lowest tolerance to increased acceleration. Consequently, the
computer model generated plots of the time history of the ride acceleration with the predicted
physiological responses of the rider.

With respect to the amusement park rides, roller coaster data from Six Flags with peak
acceleration levels over 3.5Gs in the z-axis direction were selected for modeling. This
acceleration level was chosen to represent rides with the greatest potential to induce
unconsciousness events. The least capable rider was established using the lowest physiological
capabilities to withstand such a stressor recorded in the scientific literature as indicated in

3490
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Table 2.1. These were namely the largest loss of eye level blood pressure as a function of G
level, the largest loss of oxygen saturation as a function of G level and the highest metabolic
utilization of oxygen. Since the model required a sampling rate of one measurement every 0.1
second and the Six Flags vehicle inertial data were sampled at every 0.002 second, a decimation
in time was performed using the MATLAB "Decimate" function. This function automatically
applies a digital filter to avoid aliasing (the loss or creation of false signals due to sampling); the
filter used a 4 Hz cutoff frequency for the case of decimation from 500 Hz to 10 Hz.

2.2.3 Results

As a demonstration of the model's function, and because no unconsciousness events were
predicted for the roller coaster data, output data from aerial combat maneuvers are presented.
Table 2.2 defines the parameters of the model that can be adjusted to create vehicle occupants of
varying tolerance to GLOC.

Table 2.2 Key parameter labels in model output images.

Parameter Label Parameter Description

Gz Acceleration time history

BP Eye level blood pressure

BF % Brain blood flow

OXY % Oxygen saturation at brain

NM "Neural Mass" indicator (model specific)

CM "Cluster Mass" indicator (model specific)

ST State: White line - normal

Yellow line - transient effect

I Red line - unconsciousness

Figure 2.4 shows examples of aerial combat exercises taken from actual training. Using the
subject parameters, a GLOC is predicted because the +Gz acceleration exceeded the level and
duration needed to reduce the re-supply of oxygenated blood to the brain and also was
sufficiently long that the oxygen reserve was depleted. While the exposure is discontinued in
Figure 2.4, Figure 2.5 shows the results for an aerial maneuver when the forces are repeated
without allowing for recovery. Note the unconsciousness event followed by a recovery from
unconsciousness with a repeated unconsciousness event. This pattern is repeated throughout the
model prediction.

Thirty-four roller coasters were evaluated. Two examples of the output from the computer
program are presented in Figure 2.6 and Figure 2.7.
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Figure 2.4 Aerial combat maneuver showing a predicted unconsciousness event (red).

DC18967 000 AoTO 0802 FROI 18

Page 228 of 318

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



fip f~hlsS l u"
zoomconkos 4
zooM unzoom nT oasec m&0

E STOP PlAY

OME

FASTST sStp
Stala Thresholds-

Apply- Redrw

T1 goT2 F

-n pr -5 T pr5

SubjectInfo: CV-* W 21 nm-gfi137rg Meabok TO G Ple&Fieh iial~e.tl
Fkwat Usew 6--- St - o 0 0 Tihe"d Fib]

Figure 2.5 Repeat of aerial combat maneuver without decay of acceleration to show predicted
multiple unconsciousness events (red).
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Figure 2.7 Predicted occupant response to Gz accelerations on Steel Roller Coaster 41.
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2.3 Discussion

Six Flags roller coasters' maximum speeds have significantly increased over the last 35 years.
However, no significant increases in roller coaster maximum z-axis or y-axis accelerations were
found over the last 35 years.

Computer model predictions of unconsciousness events for a fictional person with physical
characteristics equating to the most susceptible to GLOC, showed no unconsciousness events
for the Six Flags roller coasters. These results were primarily due to the short durations of the
Gz excursions. The onset of GLOC is a function of both the amplitude and duration of the
vertical acceleration. A Gz amplitude that exceeds the threshold without sufficient duration
does not induce GLOC. Transient physiological disturbances in roller coaster rides were
predicted and are akin to the everyday disturbances that one experiences as one stands from a
sitting or a lying position. Both Gz levels and durations must be considered in the design of
roller coaster rides. These design considerations are described in studies by Cochran in 1954
and by Whinnery et al in 1990.
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3 Roller Coaster Occupant Head Acceleration
Analysis

3.1 Background
Injury tolerances for head impact have been established through research and testing by the
National Highway Transportation Safety Administration (NHTSA) and other government
standards agencies. The Head Injury Criterion (HIC) is the most used tool to assess the
likelihood of an injury when head impact is involved. The HIC uses head acceleration data
usually gathered from biophidelic crash test dummies that are instrumented with head
accelerometers. The accelerometers collect head accelerations for all three axes (x, y, and z).
The resultant vector is computed by combining the three vectors.

The HIC is designed to be an injury metric for the prevention of serious to fatal brain injury and
skull fracture. Good HIC performance protects against injuries such as brain contusions,
subdural hematomas, and skull fracture from blunt impacts. HIC has been used to evaluate the
effectiveness of vehicle interior padding, airbags, bicycle helmets and playground ground-cover
materials. HIC is not relevant to penetrating blows, aneurysms and arterial defects. In addition,
HIC does not measure or predict perceptive phenomena such as vertigo or muscle, tendon, or
ligament strains.

The tests on which HIC is based are "hard" impacts to the head, generally with durations of 10
msec or less. Therefore data without sufficient frequency content to capture these "hard"
impacts is not directly applicable to HIC. HIC is an integration over a maximum time window
of the linear resultant acceleration at the center of gravity of the head. The equation for the
calculation of the HIC is provided in Figure 3.1.

HIC = max - tadt (t5 _t)

m {G tI t t~ 2 -
i 2 1 t, f

Figure 3.1 HIC score calculation equation.

The calculated HIC is used in a series of equations to determine the likelihood of an injury for a
specific severity. The injury severity is indicated on an Abbreviated Injury Scale (AIS).

The AIS, first developed by the Association for the Advancement of Automotive Medicine in
1971, is a consensus-derived, anatomically based system that ranks individual injuries by body
region on a scale of I to 6 as follows: l=minor, 2=moderate, 3=serious, 4=severe, 5=critical,
and 6=maximum/currently untreatable. The AIS is intended as a measure of the severity of the
injury itself and not as a measure of impairments or disabilities that may result from the injury.
It does not assess the combined effects of multiple injuries to a patient. The AIS was revised and
updated several times, with the most recent revision in 1990. MAIS represents the maximum
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injury severity of any injury received by a person, regardless of the nature or location of the
injury.

In the "Final Economic Assessment, FMVSS No. 201, Upper Interior Head Protection",
NHTSA, June 1995, the agency utilized two different sets of HIC versus injury curves. These
were labeled by NHTSA as the Expanded Prasad/Mertz curve. Prasad/Mertz developed the
original AIS 4+ curves; the other curves were developed by NHTSA based on the AIS 4+
Prasad/Mertz curve. This tool was used to compare the magnitude and duration of head
accelerations on roller coasters to common daily activities.

It is likely that head impacts in amusement rides occur with lower relative head to impact
surface velocities than those in autoniobile accidents. Ride restraint padding extends the total
time of a head impact and mitigates the peak acceleration level, thus HIC scores decline for
padded impacts. The sampling rate and channel frequency class (CFC) are critical to using HIC
calculations. In crash testing, a class 1000 filter is used for head acceleration, which
corresponds to a minimum sampling rate of 10,000 points per second.

Data sampled every 10 msec (100 Hz) could miss entirely a "hard" head impact on a rigid
surface when applied to the HIC calculation. However, short duration, hard impacts are not
expected in the amusement ride environment. Low frequency acceleration data, with no
anticipated high frequency content, that result in very low computed HIC values are an indicator
of very mild head impacts that have very small brain injury risk according to the expanded
Prasad/Mertz curves.

Occupant head acceleration data from test subjects on roller coaster rides and subjects
performing common recreational activities were analyzed using the HIC calculation software.
The software is available from the NHTSA web site at http://www-
nrd.nhtsa.dot.gov/software/signal-analysis/downloads.html. The software uses the x, y and z-
axis data or the resultant acceleration data. The software generates a plot that displays the
resultant acceleration vector magnitude and the HIC score. These calculated HIC scores do not
have the same meaning as HIC Scores calculated from acceleration data sampled to CFC 1000.
However, the HIC score does use the magnitude and duration of the accelerations in the
calculation. HIC scores from roller coaster occupants will be utilized in making relative
comparisons between roller coaster rides and head accelerations experienced in everyday life.
Figure 3.2 displays an example plot of a HIC analysis for a person being hit moderately hard on
the head three times with a common foam pillow. It is important to remember that the G's
displayed are a combination of the x-, y-, and z-axes acceleration vectors.
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Figure 3.2 Plot of resultant head accelerations from three moderate head strikes with common
foam pillow.

3.2 Results

All HIC scores for the sample of Six Flags rides were found to be extremely low. Table 3.1 lists
the HIC scores for 71 different rides. For comparison, the data analysis showed that getting hit
on the head with a pillow generates a HIC score that is on average far greater than the scores
calculated from the ride data. Maximum HIC scores for the common activities studied are
displayed in Table 3.2.
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Table 3.1 HIC scores for available rides.

Roller Coaster HIC Score Roller Coaster HIC Score

Steel-112 9.4 Wood-029 1.6
Wood-015 8.3 Steel-133 1.6
Steel-077 7.2 Steel-106 1.5
Steel-142 6.8 Steel-045 1.5
Steel-129 6.8 Wood-040 1.5
Steel-060 6.4 Steel-003 1.4

Steel-139 5.0 Wood-019 1.4

Steel-150 4.8 Steel-078 1.3
Steel-108 4.2 Steel-076 1.3
Steel-059 3.9 Steel-145 1.3
Steel-113 3.9 Steel-079 1.3
Wood-024 3.7 Wood-031 1.3
Steel-049 3.6 Wood-012 1.3
Wood-030 3.2 Steel-061 1.3
Steel-148 3.2 Wood-020 1.2

Steel-043 3.1 Wood-013 1.2
Steel-006 3.0 Steel-027 1.1
Steel-008 2.8 Wood-029 1.1
Wood-026 2.8 Wood-032 1.1
Steel-034 2.8 Wood-028 1.0
Steel-135 2.7 Steel-161 0.9
Steel-005 2.3 Steel-075 0.9
Steel-050 2.2 Wood-025 0.9
Steel-131 2.2 Steel-044 0.8
Wood-001 2.2 Wood-009 0.7
Steel-035 2.2 Steel-042 0.7
Steel-134 2.1 Steel-073 0.7
Steel-036 2.1 Steel-072 0.4
Steel-040 1.9 Wood-011 0.4
Steel-132 1.9 Steel-001 0.4
Steel-047 1.9 Steel-056 0.4
Wood-008 1.8 Steel-136 0.3
Steel-031 1.8 Steel-063 0.3
Steel-1 03 1.8 Steel-163 0.3
Steel-070 1.8 Steel-162 0.2
Steel-141 1.6
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Table 3.2 Maximum HIC scores calculated for nine subjects performing common
activities.

Activity HIC

Hit On the Head with Pillow 20.8

Falling Down on Exercise Mat 15.2

Jumping on a Pogo Stick 1.4

Sneezing 0.5

3.3 Discussion

The analysis of the Six Flags data from 71 of their most dynamic roller coasters revealed
that the accelerations experienced by the riders are comparable to or lower in severity
than the accelerations experienced during common activities. These findings cannot
predict the likelihood of an individual who has a pre-existing medical condition or has
other elevated risk factors suffering an injury on one of these rides. However, as the data
indicate, that same individual is at least as likely to have suffered the injury had they
fallen down, sneezed or been hit in the head with a pillow. Individuals who have known
pre-existing conditions should exhibit the same care in choosing to a ride roller coaster as
they would before participating in any activity that may subject them to minor head
impacts.
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4 Head Acceleration Data from Daily Activities

4.1 Background

When standing still, the human body is subject to I G of acceleration in the positive z
direction (head-to-toe). During every movement of the body, the limbs and head
experience changes in accelerations depending on the velocity and magnitude of change
in position or direction. In order to put roller coaster occupant head acceleration data in
context, it is necessary to have a frame of reference. First, it is important to distinguish
impact accelerations from non-impact accelerations. Impact accelerations result from the
physical contact of a head with an object. Non-impact head accelerations are caused by a
change in direction or an increase in movement speed of the head (e.g., standing up,
turning your head, coughing, swinging on a swing). Allen, et. al. (1994) reported the
results of a study that collected head acceleration data for the x and z-axis for a number
of common daily activities. Table 4.1, presents those test results.

Table 4.1 Maximum acceleration values from selected tasks (Allen, et. al., 1994).

Task Maximum x Maximum z

Plop in chair 5.6 8.5
Hop off a step 4.5 6.7
Slap on the back 2.7 3.1
Crowd jostle 1.9 3.0
Sneeze 1.5 2.5
Sit down 0.5 2.0
Cough 3.0 1.8
Head bob 1.9 1.1
Look left 0.6 0.3

Exponent conducted testing to obtain additional human subject head acceleration data.
The objective of the testing was to measure head accelerations experienced by a cross
section of human subjects while performing various common recreational activities. The
testing was conducted over four days beginning on March 11, 2002 at Exponent's indoor
Test and Engineering Center in Phoenix, Arizona.
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4.2 Test Tasks

The tasks consisted of the following:

* Riding a swing
* Running through an obstacle course
* Sneezing
* Failing forward onto a padded exercise mat
* Being struck on the back of the head with a pillow
* Jumping on a pogo stick
* Spinning on a wound up tire swing

4.2.1 Swinging Task

A commercial swing was built with a 15-foot overhead crossbar, a rigid seat, and chains
supporting the swing. At the beginning of the test the subjects were pulled back to a
height of approximately 3 feet, the data acquisition system was triggered, and then the
subject was released. Subjects were instructed to "pump" the swing by leaning forward
and backward and flexing and extending their legs to increase the height of the swinging
action as best they could during the 30 seconds of data acquisition.

Figure 4.1 Photograph of subject swinging.
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4.2.2 Obstacle Course Task

The obstacle course task was set up to require quick lateral movements in a confined area
similar to a what a person may experience while playing soccer or basketball. Subjects
followed a predetermined path through vertical pylons. Subjects were instructed to finish
the course as fast as they could. After completion of one run, subjects walked back to the
beginning of the course and repeated the run.

Figure 4.2 Photograph of obstacle course.

4.2.3 Sneeze Task

Each subject attempted to sneeze using various methods. No photographs or video were
taken during this task. Only one subject was able to sneeze.
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4.2.4 Falling Down Task

Subjects stood in front of an exercise mat and were instructed to fall to their knees, chest
and stomach. Subjects were told that they should catch themselves with their hands at the
last moment. No additional instructions about how to perform the fall were given.
Subjects exhibited significant variation in their falling methods. Some of the subjects fell
to their knees first and then to their chest, while others fell directly to their chest. Head
accelerations varied significantly depending on the method of the fall. Subjects repeated
this task three times.

.al

Figure 4.3 Photograph of subject falling face first onto exercise mat.
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4.2.5 Pillow Impact

Subjects were struck at the back of the head three times with a common foam pillow.
Subjects were warned prior to each impact. The experimenter swung the pillow with
moderate force using one hand through approximately a 120-degree arc in approximately
0.67 seconds.

Figure 4.4 Captured still frame video from pillow stnke task, post impact.

0C1867 cooADTOD802 FROl 32 374
Page 242 of 318

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



4.2.6 Pogo Stick Task

Subjects were provided with an air suspension pogo stick and instructed to attempt to
jump up and down as many times as possible during the 30 seconds of data collection.
The data acquired included jumping on the pogo stick and any acceleration that resulted
from stepping or jumping off the pogo stick if they lost their balance.

Figure 4.5 Photograph of subject on pogo stick.
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4.2.7 Tire Spin Task

A commercial playground tire swing was attached at three points so that the opening of
the tire was in the vertical direction. The tire was suspended from a crossbar 15 feet off
the ground. The tire was pre-wound 25 turns before subjects were seated on the tire.
Subjects used a ladder to climb onto the tire so that their body was centered in the
opening of the tire. Subjects were instructed to select an upper body position that was
comfortable and try to maintain that position during the entire test. The test subjects
usually selected a position that put their torso at a forty-five degree angle relative to the
vertical axis. The data acquisition system was triggered and the subject was released. No
additional rotational input was provided. During the 30 seconds of data acquisition, the
tire spun completely down and began to wind back up. The tire rotation speeds reached a
maximum speed of approximately 60 rpm.

Figure 4.6 Photograph of subject at beginning of tire swing spin task.
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4.3 Test Subjects

Nine subjects were selected from the local area to represent a range of human sizes and
ages. Each subject was informed of the activities and signed a special consent form to
participate. Table 4.2 describes the test subjects. The size is an approximation of the
percentile classification. The weight of each subject includes the 8-pound instrumentation
package.

Table 4.2 Height and weight information for test subjects.

Gender Size % Age Weight (Ibs) Height (in) S-height (in)

M 90th 28 203 71.0 35.7

M 50th 39 185 69.3 35.9

M 95th 40 228 72.6 37.8

F 5th 38 132 60.6 33.0

F 50th 39 147 66.3 33.5

M 95th 17 178 73.6 38.2

F 95th 14 122 66.0 33.8

M 50th 15 188 69.9 35.2

M 95th 41 213 72.0 38.1

4.4 Test Procedure

Each subject was given clear instructions on each of the activities and testing
requirements. The subjects completed a survey form, which was designed to capture brief
information about medical history, life style, level of physical activities and risk taking
behavior. In addition, all subjects signed the Informed Consent Form prepared for this
purpose. All subjects were required to wear comfortable shoes and clothing. The subject
was fitted with the head accelerometers and the data acquisition system before they were
weighed and measured. Two still photographs, a frontal view and a side view of the
standing subject, were obtained before the test. In addition to the still photographs, a
video camera was used to record each activity.

4.5 Instrumentation and Data Acquisition

Test instrumentation consisted of three triaxial accelerometer blocks. Each block
consisted of three Entran 25G calibrated accelerometers. The measurements at each
location were in the longitudinal x-direction, the lateral y-direction and the vertical z-
direction. The blocks were mounted on a tight fitting head form, which along with a
section of the output signal wires weighed 0.5 pounds. Once placed on the subject's head
the form was adjusted for a snug fit to prevent relative motion between the head and the
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accelerometers. A fitted head form will automatically place one block at the top of the
head and one block at each of the right and left temples. The output signal cable was
strain-relieved and connected to the data acquisition system.

The data was acquired with a Diversified Technical Systems TDAS2 data recorder using
specialized software for setup, control and data transfer. The data acquisition frequency
was 500 Hz. The data was processed using a 10 Hz digital filter. The data was filtered at
this level to match the data provided by Six Flags for the roller coaster vehicles. HIC
calculations were performed on data that was filtered at 100 HZ to match data provided
by Six Flags for occupant head acceleration in their roller coaster rides, which made
comparisons between the two tasks possible. The data acquisition system and its power
supply, which weighed 8 pounds, were fitted onto a waist belt and worn by the subject
during the tests.

4.6 Results

Data from all nine subjects and seven tasks were analyzed to determine peak
accelerations and durations for all three axes. All measurements were made in relation to
the head orientation not relative to the earth. The maximum values for peak accelerations
and durations are displayed in Table 4.3 through Table 4.6. For some of the signals the
peak acceleration did not occur at the same point as the signal with the longest durations.
These tasks have duplicate rows to separately illustrate maximum peaks and durations.
All accelerations along the z-axis have the normal IG of acceleration caused by the earths
gravity removed. For example the peak value generated for the pogo stick task was 3.0
Gs in the +z direction this is three additional Gs of acceleration so the total acceleration
would be 4.0 Gs when the earths gravity is included.

Table 4.3 Maximum x-axis (forward-to-backward) accelerations.

Task Duration (s) Peak (Gs)
Swing 1.74 2.7
Obstacle Course 0.07 2.6
Obstacle Course 0.62 1.6
Sneeze 0.83 3.9
Falling Down 0.13 16.3
Pillow Strike 0.01 28.1
Pogo Stick 0.30 4.1
Spinning on a Tire Swing 26.18 1.7
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Table 4.4 Maximum y-axis (right-to-left) accelerations.

Task Duration (s) Peak (Gs)

Swing

Obstacle Course 0.29 2.6
Sneeze 0.63 1.6
Falling Down 0.10 4.2
Pillow Strike 0.01 11.0
Pogo Stick 0.36 1.3
Spinning on a Tire Swing -

Table 4.5 Maximum +z-axis (head-to-toe) accelerations.

Task Duration (s) Peak (Gs)

Swing 2.74 1.4

Obstacle Course 0.04 2.3
Sneeze 0.95 2.5
Falling Down 0.03 8.4
Pillow Strike 0.02 14.6
Pogo Stick 0.48 3.0
Spinning on a Tire Swing

Note these data do not include the +1G from earth's gravity.

Table 4.6 Maximum -z-axis (toe-to-head) accelerations.

Task Duration (s) Peak (Gs)

Swing 0.81 0.7
Obstacle Course 0.03 5.5
Sneeze 0.11 1.0
Falling Down 0.02 7.3
Pillow Strike 0.01 14.7
Pogo Stick 0.19 4.5
Spinning on a Tire Swing 26.16 2.3

Note these data do not include the +1 G from earth's gravity.

Data from four tasks -falling down, pogo stick, sneeze and pillow strike were analyzed
with the NHTSA HIC analysis software. The results from the analysis are presented in
Table 4.7.
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Table 4.7 Maximum HIC scores for falling down, pogo stick, sneeze and pillow strike to
the head.

Task HIC Score

Hit on the head with pillow 22.6
Falling down on exercise mat 15.2
Jumping on a pogo stick 1.3
Sneezing 0.5

4.7 Discussion

Based on comparing the data from these tests with those from subjects on roller coaster
rides, the common activities generated accelerations that exceed the magnitude or
duration of accelerations experienced by riders of roller coasters. The tasks that were
examined in this study included activities that most people would consider very benign
and safe for a normal person. The data showed that being hit on the head with a pillow
was found to cause head accelerations as high as I IGs in the y direction (side to side) and
14 Gs in the +z direction (head to toe). Being spun on a tire swing generated a peak
acceleration of 2.3 Gs in the -z direction (toe to head), which was sustained for more than
25 seconds. A simple sneeze generated nearly 4 Gs in the x direction (front to back).
The test activities did not approach maximum acceleration values that could have been
generated for these tasks had the focus of the study been to determine the maximum
values. This study does not address head impacts that occur every day without resulting
in traumatic cerebrovascular injuries, such as those occurring when people bump their
heads on cupboards, tables, or other hard objects.
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5 Use of CPSC NEISS Data for Assessing
Amusement Park Ride-Related Injuries

5.1 Background

This section describes U.S. Consumer Product Safety Commission (CPSC) data on
hospital emergency room-treated injuries involving amusement rides and comments on
some of the limitations of its use. Injury data are presented for calendar years 1993
through 2001. This section provides updated data to previous CPSC reports summarizing
amusement ride incidents by adding totals for 2001 and discusses conclusions published
by CPSC comparing data from 1993-1996 to data collected from 1997-present.

The Consumer Product Safety Act of 1972 included the following text

(1) The term "consumer product" means any article, or component part thereof,
produced or distributed (i) for sale to a consumer for use in or around a permanent
or temporary household or residence, a school, in recreation, or otherwise, or (ii)
for the personal use, consumption or enjoyment of a consumer in or around a
permanent or temporary household or residence, a school, in recreation, or
otherwise; but such term does not include...

Such a term includes any mechanical device which carries or conveys
passengers along, around, or over a fixed or restricted route within a
defined area for the purpose of giving its passengers amusement, which is
customarily controlled or directed by an individual who is employed for
that purpose and who is not a consumer with respect to that device, and
which is not permanentiv fixed to a site [emphasis added].

Fixed-site amusement rides are excluded from CPSC jurisdiction by Section 3 (a) (1).
Nonetheless, injuries related to fixed-site amusement rides are collected by the CPSC
under a product code, 1293 - Amusement Attractions, including rides. Data for injuries
involving fixed site, mobile site and unspecified sites are not coded separately at the time
of collection. The same product code is used to include fixed-site rides at Disneyland,
mobile-site rides at state fairs, coin-operated rides outside of stores and restaurants, and
mechanical bulls among others. This absence of separate codes for fixed and mobile sites
means each record must be reviewed manually to separate the fixed from the mobile site
rides before any analysis of amusement parks can be conducted.

5.2 CPSC Data Collection Process

CPSC uses several data collection methods to monitor the injuries associated with
consumer products. One of those systems is the National Electronic Injury Surveillance
System or NEISS. NEISS injury data are gathered from the emergency departments of
100 hospitals selected as a probability sample of all 5,300+ U.S. hospitals with
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emergency departments. The data collection process begins when a patient is admitted to
the Emergency Department (ED) of a NEISS hospital. An ED staff member elicits
information as to how the injury occurred and enters that information in the patient's
medical record.

At the end of each day. a NEISS hospital coordinator reviews all ED records for the day,
selecting those that meet the (current) criteria for inclusion in NEISS. The NEISS
coordinator abstracts pertinent data from the selected ED record and transcribes it in
coded form to a NEISS coding sheet using rules described in a NEISS Coding Manual.

For each injury record, the NEISS coordinator assigns a product code from an
alphabetical listing of hundreds of products and recreational activities. If the ED record
contains additional product detail, the coordinator includes that in a line or two of
narrative text (e.g., injured on ride at amusement park). Patient age, gender, injury
diagnosis, body parts affected, and incident locale are among other data variables coded.
The data are uploaded to the CPSC office in Washington D.C. and after undergoing a
second computer editing process, acceptable cases are automatically incorporated into the
Commission's permanent NEISS database.

5.3 Selecting Hospitals for NEISS

The NEISS sample of hospitals is periodically redesigned to update and improve the
sample and thereby maintain the validity of injury estimates. This is necessary because,
over time, new hospital emergency departments open, others close, while still others
change significantly in size (as measured by the number of ED visits).

NEISS sampling statisticians have provided a systematic means for updating the sample
of hospitals while retaining the basic sampling plan. In order to minimize the statistical
variance while ensuring an adequate geographic distribution, the sampling frame is
stratified by hospital size and ordered by geographic location.

In 1997, CPSC updated the NEISS sample to reflect the distribution of U.S. hospitals
with emergency departments. The current NEISS sample includes 100 hospitals grouped
into five strata, four representing hospital emergency departments of differing sizes and a
fifth representing emergency departments from children's hospitals.

The CPSC states in their sample update publication "Data users should carefully
consider the likely impact of system updates and modifications, especially when
comparing estimated injuries over time."

The CPSC uses a specific method to examine the effects of sample redesign. A subset of
the sample hospitals belonging to the pre and post redesign sample are used to measure
the effect of the sample redesign by calculating the total estimated injuries before and
after the sample change and calculating the percent change for individual products and
for the database as a whole.
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5.4 Effects of Sample Design Changes on Amusement
Park Injury Estimates

The sampling stratification used to select hospitals for NEISS provides reasonable
estimates of injuries for consumer products that are somewhat uniformly distributed
throughout the United States. For activities such as visiting amusement parks, the
distribution of hospitals is not designed to correspond with the distribution of amusement
parks. The national estimate of amusement park ride injuries for any given year will be
in error because of the mis-match in the distributions. In addition when the sample of
hospitals is changed, the method used for most consumer products to assess the changes
in national estimates due to changes in the sampling distribution will not be accurate
when applied to amusement parks. The estimates from each sample of hospitals are
impacted differently as the number of hospitals within close proximity to large theme
parks changes.

When the NEISS sample design changed in 1997, a total of 21 hospitals were dropped
and 36 hospitals were added to the database. Exponent conducted a search for
amusement parks with at least one roller coaster within 20 miles of the sample hospitals
that were added and those that were dropped. For the hospitals that were dropped, there
were 29 fixed-site amusement parks within 20 miles of the hospitals. For the hospitals
that were added, there were 37 parks with at least one roller coaster within 20 miles.

The added hospitals had numerous, very large amusement parks that were not close to
sample hospitals dropped from the earlier sample. These parks include Disneyland,
Disney's California Adventure, Knott's Berry Farm, Universal Studios Hollywood, Six
Flags Great Adventure, Six Flags Over Texas, Six Flags Elitch Gardens, and several in
Las Vegas, including MGM Grand Adventures, and New York - New York, NASCAR
Caf6, and the Stratosphere Tower.

There were only two parks with attendance that ranked in the top 50, according to
Amusement Business magazine, within 20 miles of the hospitals that were dropped from
the 1996 sample. They were ValleyFair! and the State Fair of Texas. The total
attendance for these two parks in 1996 was 4,758,749. There were ten parks with
attendance that ranked in the top 50 within 20 miles of the hospitals that were added to
the 1997 sample. They were Wyandot Lake, Worlds of Fun, Universal Studios
Hollywood, Six Flags Over Texas, Six Flags Great Adventure, Six Flags Elitch Gardens,
Casino Pier, Lake Compounce, Knott's Berry Farm, and Disneyland. The total
attendance for these ten parks in 1997 was 34,681,500. Between the hospitals eliminated
and those added, the new sample of hospitals potentially provides services to 29,922,751
more visitors to fixed amusement parks. The increased attendance at these added parks
increases the likelihood that amusement park injuries will be included in the sample,
which in turn increases the national estimate of injuries even if there were no actual
increase in such incidents nationwide. Further, the addition of these fixed site parks will
disproportionately increase the distribution of fixed site injuries within the sample, while
mobile site injuries will remain the same. The data for the years covered by each sample
set can be used to examine trends in amusement park attraction associated injuries;
however, trends cannot be established using injury estimates from different samples.
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One hospital, located within 10 miles of Disneyland and Knott's Berry Farm, had an
average hospital weight from 1997-2000 of 67.4. These two parks have had an average
annual attendance of 17 million patrons. This means that for every injury that is recorded
at this hospital the national estimate will increase 67.4. The sanitization of the data by
CPSC. which eliminates park names from the injury records, and removes hospital ID
from data records, prevents a complete analysis of the effects of the hospital sample
change in relationship to the proximity to very large theme parks.

5.5 Amusement Ride-Related Injuries

Through a Freedom of Information Act request, Exponent obtained the CPSC NEISS
data on amusement attractions, including rides (product code 1293). NEISS records were
analyzed for calendar years 1990 through 2001. Applying the coding scheme developed
by the CPSC and using the narrative comments in the records, each case was classified
into I of 5 mutually exclusive and exhaustive categories: not a ride (out of scope), fixed-
site ride, mobile-site ride, unknown-site ride, or unknown if ride. Cases involving coin-
operated rides or free-play attractions often found at restaurants or shopping centers,
dunk tanks, alpine and water slide amusements, wave machines, "moon walks." inflatable
slides, mechanical bulls, playground equipment, etc., are examples of cases coded not a
ride. Cases involving roller coasters or "whirling" rides are examples of cases coded
fixed-site, mobile-site, or unknown-site ride: if the case narrative stated the name of an
amusement park or that the incident occurred at a park or involved an amusement park
ride, then the case was coded fixed-site, some park names were not deleted from the
records; if the narrative stated that the incident occurred at a carnival, fair, or festival,
then the case was coded mobile-site; if the narrative gave no site information, then the
case was coded unknown-site. Cases with comments such as "Fell on ride at ***." were
coded by Exponent as unknown-site. The CPSC would have the advantage of knowing
what information was redacted. Cases involving a "merry go round," with no indication
of whether it was playground equipment or an amusement ride as defined by the
Consumer Product Safety Act, are examples of cases coded unknown if ride.

The coding process attempted to duplicate the methodology followed by the CPSC.
However, due to the CPSC policy of "sanitizing" the narrative comments by redacting
any reference to a ride name, park name or retail location, there were differences between
totals calculated by Exponent and the CPSC. The data sanitization policy makes
determining the type of attraction more difficult for non-government researchers using
publicly available data. Due to the removal of ride and park identification information,
coding by Exponent resulted in much higher numbers of unknown-site records for each
of the years. For this reason the remainder of the report uses data published by the CPSC
for the years 1997-2000 and adds the data analyzed by Exponent for 2001.

Table 5.1 displays national estimates of hospital emergency room-treated injuries related
to amusement rides by year. Unknown-site injuries were allocated to fixed-site and
mobile-site estimates in the proportions observed in known-site estimates each year. For
example, the fixed-site estimate for 2001 is 0.59 of the sum of the fixed-site and mobile-
site estimates. so 0.59 of the unknown-site estimate for 2001 is added to the fixed-site
estimate, and 0.41 of the unknown-site estimate for 2001 is added to the mobile-site
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estimate. Exponent estimated a total of 9,035 hospital emergency room-treated injuries
occurred in 2001 for all amusement attractions. Figure 5.1 displays the NEISS estimates
presented graphically in Table 5.1.

Table 5.1 National estimates for fixed-site, mobile-site and total injuries associated with
amusement attractions.

Year Fixed Mobile Total

1997 5,353 2,562 7,915
1998 6,523 2,751 9,274
1999 7,629 2,788 10,417

2000 6,594 3,985 10,580

2001 5,335 3,700 9,035

Numbers may not sum to totals due to rounding.
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Figure 5.1 National estimate offixed-site, mobile-site and total injuries associated with
amusement attractions.
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Table 5.2 Risk of injury per million park attendees.

National Risk of injury
Attendance per Million Park

Year (millions) Attendees

1997 300 17.8

1998 300 21.7
1999 309 24.7
2000 317 20.8
2001 319 16.7

Table 5.2 displays the fixed-site injury risk from 1997-2001. Linear regression analysis
of fixed-site, and total injuries showed no statistically significant trend for the years
1997-2001. Mobile-site injuries showed a marginally significant increasing trend
(p=0.057) for the years of 1997-2001. Linear regression analysis of the injury risk
associated with fixed-site attractions showed no statistically significant trend.

It should also be noted that a single accident at Bullwinkle's Family Fun Center, in
Medford, N.Y. on June 23, 2001, where a swing ride tipped over, caused injuries to 12
people (reported by USA Today). There were 10 injury records, on the date of the
accident in the NEISS data that mentioned Bullwinkle's and this incident specifically.
These ten records cause the national estimate of injuries to increase by 771 injuries. This
single accident accounts for approximately 8% of the national estimate and 14% of the
fixed site injuries.

5.6 Discussion

Analysis of the proximity of parks to NEISS sample hospitals before and after the 1997
sample redesign, revealed that some hospitals within 20 miles of major fixed site theme
parks were deleted while others were added to the sample. The sample changes resulted
in a net increase of 7 parks, within 20 miles of a sample hospital, having attendance in the
top 50 for theme parks in the U.S. There is a net attendance increase of more than 29
million park attendees in the communities served by hospitals in the redesigned sample of
1997. Analysis of trends in amusement park injuries was limited to the years 1997 and
later. Based on Exponent's analysis, the NEISS data indicate a total number of estimated
injuries for the calendar year 2001 of about 9,035)emergency room-treated amusement
ride-related injuries, with about 5,335 involving fixed-site rides and 3,700 involving
mobile site rides. Fixed site injuries dropped 19% and total injuries dropped 15% from
2000. There were an estimated 16.7 injuries per million patrons at fixed-site parks. From
1997 through 2001, there were no statistically significant increases in fixed site injuries
or total injuries. Further there was no significant trend in the risk of fixed-site injury
defined as injuries per million patrons at amusement parks.
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6 Patterns and Risk of Injury at Six Flags Parks

6.1 Background

First-aide-station incident data from five Six Flags parks were analyzed for patterns in
injury type and severity. The Six Flags parks were: 1) Great Adventure, New Jersey, 2)
Great America, Chicago, 3) Six Flags over St. Louis, 4) Magic Mountain, Los Angeles
and 5) AstroWorld in Houston. The attendance at the five parks in the sample
represented an average of 25% of the attendance in all Six Flags parks over the three
years examined.

The Six Flags first-aide-station data include all patrons who requested assistance at the
in-park first-aide stations. Only injuries associated with park attractions were recorded.
Injuries associated with water park rides or waiting in line were excluded from the
analysis. Six Flags also supplied park attendance and roller coaster ridership data for the
same parks. These data were used to evaluate the risk of injury for all park patrons and
for roller coaster riders. Attendance numbers and first-aide-station injuries are presented
in Table 6.1 and Table 6.2. Table 6.3 presents the number of each type of injury
complaint by year.

Table 6.1 Attendance and sample percentage for analyzed parks and all Six Flags
parks.

1999 2000 2001 Total

AstroWorld 1,576,302 1,525,452 3,101,754

Great Adventure 3,781,848 3,236,246 3,434,911 10,453,005

Great America 2,681,774 2,685,048 5,366,822

Magic Mountain 3,127,117 3,276,157 3,011,463 9,414,737

Six Flags Over St. Louis 1,789,022 1,601,516 3,390,538

Sample Total 6,908,965 12,559,501 12,258,390 31,726,856

All Six Flags Park Attendance 41,386,000 40,884,000 42,350,000 124,620,000

Sample Percentage 17% 31% 29% 25%
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Table 6.2 Counts of all reported first-aide station treated injuries for five Six Flags parks
by year.

Park 1999 2000 2001

AstroWorld * 326 256

Great Adventure 168 279 260

Great America * 412 432

Magic Mountain 345 459 396

Six Flags Over St. Louis * 323 242
*Data not available

6.2 Patterns of Injury

Each park recorded injury data in a slightly different format. Data from AstroWorld,
Magic Mountain, and Six Flags Over St. Louis contained narrative comments for each
record, which provided additional information about the type and cause of the injury.
Each of the parks varied in the categories used to classify an injury complaint. Exponent
recoded the data applying consistent definitions of categories across the complaint injury
data from the different parks. For example, records coded as swelling or bruising were
combined into the hematoma category. The count of first-aide-station records from the
five parks by complaint type and year as well as the total number and percent of each
category of injury complaint across the three-year period are shown in Table 6.3.
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Table 6.3 Total count of first-aide station records by complaint type and year.

Percent of Total
Injury Complaint 1999* 2000 2001 Total Injuries
Contusions, Abrasions 112 587 468 1,167 29.9

Strain or Sprain 105 327 316 748 19.2
General Aches and Pain 122 321 279 722 18.5
Laceration 40 212 205 457 11.7
Unspecified Aches and Pains 63 44 67 174 4.5
Foreign Body 10 62 43 115 3.0
Nausea or Dizziness 5 30 28 63 1.6
Dental Injury 9 24 21 54 1.4
Hematoma 7 24 11 42 1.1
Unknown 10 25 7 42 1.1
Insect Bite or Sting 8 14 18 40 1.0
Nose Bleed 1 22 13 36 0.9
Syncope 2 11 22 35 0.9
Other 3 18 12 33 0.8
Headache 13 18 31 0.8
Avulsion 4 14 11 29 0.7
Burns, Not Specified 7 15 4 26 0.7
Dermatitis, Conjunctivitis 1 8 16 25 0.6
Dislocation 2 10 6 18 0.5
Fracture 9 4 13 0.3
Seizure 2 2 5 9 0.2
Abdominal Pain 3 6 9 0.2
Blister 3 4 7 0.2
Ear Ache 1 1 2 0.05
Hemorrhage 1 1 0.03

Total 513 1,799 1,586 3,898 -

*1999 data from two parks only

6.2.1 Injury Severity - Treated and Transported

With the exception of one park, AstroWorld, data included information about the
disposition of patrons after they left the first-aide station. Injuries were categorized as to
whether a patron returned to the park or went home, was transported to hospital or
medical clinic, returned to work, or unknown. Table 6.4 presents the injury complaint
totals by disposition. Table 6.5 displays the distribution of injuries with known
dispositions for the four parks. Overall, of those park visitors who seek treatment at a
first aid station, 93% have injuries that can be treated at the park without the need or
desire for transport to some other medical facility.
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Table 6.4 Injury counts by disposition for four Six Flags parks.

Disposition 1999 2000 2001 Total

Returned to Park or Went Home 473 1,368 1,219 3,060

Transported to Hospital or Clinic 34 79 98 211

Unknown 6 26 13 45

Total 513 1,473 1,330 3,316

Table 6.5 Distribution of injuries with known dispositions.

Disposition 1999 2000 2001 Total

Park or Home 93% 95% 93% 94%

Transported 7% 5% 7% 6%

6.2.2 Injury Severity - Hospitalized

Each Six Flags park has a preferred hospital to which it transports patrons who desire
additional medical treatment beyond that provided at first-aide stations. Six Flags Great
Adventure used Centra State Hospital in New Jersey as its preferred provider. The
Centra State Hospital was also one of the hospitals in the CPSC NEISS sample for the
years 1990 through 2000. For 1992 through 2000, all injury complaint records for Great
Adventure that indicated transport of a patron to a medical facility were compared to the
data in the NEISS system. To the extent possible, the records were matched on accident
date, gender, body part, injury diagnosis and information available in the narrative
comment field of the NEISS data. Results are displayed in Table 6.6. Individual records
in NEISS do not report identification information that links them to a specific hospital in
the sample. It was not possible, therefore, to examine NEISS records specifically for
Centra State Hospital to determine if there were instances in which an amusement park
related injury in the NEISS data was not in the first-aide-station data of the park.

Table 6.6 Total injury counts with distributed unmatched records for Great Adventure
transported patrons compared with records in the CPSC NEISS data,
1992-2000.

Transported Injuries
With Distributed Risk/Million

NEISS Disposition Unmatched Records Attendees

Treated and Released 67 2.13

Hospitalized 4 0.13

Total Transports 71 2.26
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Fifty-two of 71 first-aide station complaints at Six Flags Great Adventure involving
transport to a medical facility were found to match records in the CPSC NEISS data. Of
the 52 matching records, only three records indicated that the injury required an
admission to the hospital. The three injuries were a broken thumb, a broken leg and a
broken arm.

To adjust the estimate of the total number of hospitalized injuries for the unmatched
records, a portion of the unmatched records was assigned to the hospitalized category
based on the distribution of those for which dispositions were known. After
redistributing the unknowns, it is estimated that from 1992 through 2000 a total of 67
transported patrons were treated and released and four patrons were required to stay
overnight. Table 6.6 displays the totals with the unmatched records distributed on the
basis of the matched records. Approximately, 5.8% of all transported patrons had injuries
severe enough that they required an overnight stay at the hospital.

Six Flags Great Adventure had a total attendance of 31,357,588 patrons for the years
1992-2000. Using the injury counts after adjustment for unknowns, the transported
injury rates were calculated to be 2.13 hospital emergency room treated and released
injuries per million park attendees and 0.13 hospital-admitted patrons per million park
attendees. This represents one injury requiring admission to a hospital per 7.7 million
park attendees at Six Flags Great Adventure from 1992-2000.

6.3 Risk of Injury Associated with All Park Attractions

Using the total number of first-aide station complaints and the number of transported
patrons injury risk can be calculated per million park patrons. Further, using the
hospitalization rate information gained from matching the data from Great Adventure to
the NEISS data the other parks can be analyzed to calculate a risk of serious injury
requiring an overnight stay at the hospital. Table 6.7 displays attendance, injury totals
and risks by disposition. There were an estimated seven transported-to-medical-facility
injuries per million park patrons and one hospitalized injury per 2.6 million park patrons.
The likelihood of a severe injury at an amusement park is very low.
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6.4 Risk of Injury Associated with Roller Coasters

An analysis was conducted of the injuries associated only with roller coasters, excluding
kiddie coasters. Based on information available in the first-aide-station injury reports
from the sample of five Six Flags parks, records were identified in which the injury was
associated with a roller coaster. Within the category for roller coasters, injuries were
further separated as to disposition (e.g., transported, returned to park). It was not possible
to estimate the number of hospitalized injuries related to roller coasters. Roller coaster
ridership information was provided by Six Flags for each park and year. The total rides
for each roller coaster at each park were used to calculate a risk of injury per million
rides. Table 6.9 displays the risk of a first-aide-station treated injury for roller coasters
and the risk of a transported injury per million roller coaster rides.

Approximately 57% of injuries seen at first-aide-stations were related to roller coaster
rides. The type and disposition of injuries associated with roller coasters is similar to all
park injuries. Table 6.9 displays the number of roller coaster first-aide station complaints
and the percentage of the total roller coaster injuries by injury type. The percentage of
injuries transported to other medical facilities was the same for roller coaster related
injuries (6%) as for all park injuries. Given that an injury occurs, roller coaster related
injuries are no more likely to involve transport to a medical facility than those for non-
roller coaster activities. There were an estimated 19 first-aide-station complaints and one
transported-to-medical-facility injury per million roller coaster rides. The likelihood of
injury involving roller coasters at Six Flags parks is very low.
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Table 6.8 Distribution of injury complaint types associated with roller coasters for five
parks (approximately 118 million roller coaster rides).

Percent of Total First-Aide
First-Aide Station Station Complaints

Complaints Associated Associated with Roller
Diagnosis With Roller Coasters Coasters
Strain or Sprain 546 24.6
Contusions, Abrasions 511 23.0
General Aches and Pain 417 18.8
Laceration 209 9.4
Unspecified Aches and Pains 135 6.1
Foreign Body 95 4.3
Nausea or Dizziness 46 2.1
Insect Bite or Sting 35 1.6
Syncope 27 1.2
Dental Injury 25 1.1
Hematoma 23 1.0
Headache 23 1.0
Nose Bleed 21 0.9
Unknown 20 0.9
Other 20 0.9
Dermatitis, Conjunctivitis 16 0.7
Avulsion 13 0.6
Dislocation 13 0.6
Seizure 8 0.4
Fracture 7 0.3
Abdominal Pain 5 0.2
Ear Ache 2 0.1
Blister 1 0.05
Hemorrhage 1 0.05
Total 2,219 100.00
Figures rounded after calculation.

Table 6.9 Injury counts and rates for roller coasters riders, all rates reported per million
roller coaster rides.

Roller Roller Coaster Transported Roller
Coaster Injuries Coaster Injuries

Park Rides Number Risk Number Risk
AstroWorld 8,405,009 299 36 * *

Great Adventure 27,847,384 331 12 22 0.8
Great America 20,101,940 429 21 27 1.3
Magic Mountain 50,847,522 847 17 35 0.7
Six Flags Over St. Louis 10,911,128 313 29 31 2.8
Total 118,1.12,983 2,219 19 115b 1.01

* Data could not be calculated because disposition data was not recorded at AstroWorld. All figures rounded after
calculation.

hRisk calculations for transported and hospitalized patrons excludes roller coaster ride data from AstroWodd.
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6.5 Discussion

This series of analyses shows that the majority of injuries occurring at a sample of Six
Flags parks are minor in nature in that they can be treated at the park first aide station.
The types of injuries were primarily strains, sprains, and general aches and pains,
contusions and abrasions. Further, 94% of all those treated at the first-aide stations
continued their visit to the park or went home on their own.

CPSC publishes annual reports on injuries in fixed amusement parks using data from a
sample of hospital emergency rooms throughout the United States. Estimates in the
report indicate that approximately 2% of those treated in hospital emergency rooms for
fixed-ride amusement parks are hospitalized. Based on nine years of data from Six Flags
Great Adventure, we estimated that 5.8% of all transported injuries required an overnight
stay. The difference in the rates may in part be due to patrons with minor injuries
choosing to travel to a hospital or medical clinic on their own without notifying the Six
Flags first-aide stations. Patrons with non-severe injuries not wishing to travel by
ambulance after reporting to a first-aide station may also travel to the hospital or medical
clinic on their own. These two practices would raise the percentage of hospitalized
injuries in the first-aide station transported data. Exponent used the larger of these two
percentages to estimate the number of hospitalized injuries for the four Six Flags parks
included in this study. These data were then used to calculate rates of injuries per million
park attendees. The injury rates at these parks and on roller coasters are extremely low.
The analysis indicated that there was only one transported injury per million roller
coaster rides.

The different sources of data (e.g., first-aide stations, hospital emergency rooms) and the
different samples (e.g., national sample of hospitals, Six Flags parks) produce slightly
different estimates of the risk of injury. The two sources are consistent with one another,
however, in portraying the activity of attending a Six Flags amusement park as well as
amusement parks nationwide as posing a low risk of injury. Riding roller coasters is also
associated with a very low injury risk.
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Long-term complications of bone-anchored hearing aids:
a 14-year experience

K BADRAN, A K ARYA, D BUNSTONE, N MACKINNON

Abstract
Objectives: To report cases of long-term surgical complications, implant failure and revision surgery,
within a large bone-anchored hearing aid programme.

Study design: Retrospective, case-cohort study.
Setting: Tertiary referral centre.
Patients: One hundred and sixty-five adults and children who had undergone a total of 177

bone-anchored hearing aid implantations.
Intervention: Diagnosis and explanation of adverse events and device failure.
Main outcome measures: Operative complications and survival analysis, surgical challenges related to

revisions, and causes of failure.
Results: Twenty-one per cent of patients (3.4 per cent of those observed) suffered from skin reactions;

this rate did not increase over time. Seventeen per cent had loss of osseointegration at a median interval of
6.3 months. Loss of osseointegration was observed more frequently in patients with a 3 mm compared with
a 4mm tixture (p < 0.001). Intra-operatively, the only complication was bleeding, occurring in 3 per cent
of patients. Post-operative complications included: primary bleeding (2 per cent); severe skin reactions
requiring intravenous antibiotics, cautery or grafting (8 per cent); thickening or overgrowth of skin
requiring excision (8 per cent): failure of osseointegration requiring a new fixture (18 per cent); and

graft necrosis requiring revision (1 per cent). In two patients, it was necessary to explore the area to
remove overgrowth of bone. In 16 patients (10 per cent), the bone-anchored hearing aid had to be
abandoned due to failure of osseointegration (n = 4), dissatisfaction with the aid (i = 6), intolerable
pain (n = 4), hair growth around the abutment (n = 1) or recurrent infections (n = 1), In 12 of these
patients, the bone-anchored hearing aid was removed surgically. Overall, 57 patients (34 per cent)
underwent revision surgery.

Conclusion: Awareness of complications is becoming increasingly important in bone-anchored hearing
aid programme. A substantial workload of device maintenance should be anticipated, and patients should
be appropriately counselled beforehand. Ninety per cent of our patients chose to persevere with this form
of hearing rehabilitation.

Key words: Implants and Prostheses; Hearing Aids; Deafness; Complications

Introduction over the implant.t It has been almost three decades
The principle of titanium implants within human since this technology was first applied to the temporal
bone originated from dental work (i.e. the 1966 Bra- bone for the application of a bone-anchored hearing
nemark implant system) and has shown long-term aid (BAHA) (in Gothenburg, Sweden, in 1977). In
success.t In order to maintain good osseointegration these initial procedures, a titanium screw was
(bonding) between the implant and the bone, it is of placed in the mastoid process and a transducer was
paramount importance to apply good basic clinical attached to a skin-penetrating coupling. This
principles. This can be achieved through ensuring: allowed sound vibration to be transmitted to the
gentle and meticulous technique during surgical cochlea via the implant and the skull bone, bypassing
installation; a direct connection between vital bone atresia or disease in the external and middle ear.2-5

and titanium implants; the absence of interposed The first official description of a BAHA was by
tissue between the fixture and the bone; an adequate Hakansson et al (of Nobel Biocare, Gothenburg,
period of healing; and proper distribution of stress Sweden) in 1985. This innovation in the rehabilitation

From the Department of Otolarvngology, Countess of Chester Hospital, Chester. UK.
Accepted for publication: 29 February 2008. First published online 20 May 2008.
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LONG-TERM COMPLICATIONS OF BONE-ANCHORED HEARING AIDS 171

of patients with impaired hearing had a high success TABLE 1
rate initially. The implantation of a screw directly oAosS GE i6 TRATED ATNrS
into bone made it possible to obtain permanent, Diaeuosis n
rigid, reaction-free penetration of the skin. without
intervening soft tissues to attenuate sound trans- Chronic otitis media 112 64
mission (especially in the high frequency range) or Chronic otitis externa ± acquired stenosis 38 21
pain due to pressure and skin irritation, compared Cit al deaf 12 7
with conventional bone conduction hearing Otosclerosis 5 3
aids. 2-46-Ossicular disease 2 1

The BAHA programme was established at the Dissatisfaction with old hearing aid 3 2
Countess of Chester Hospital in early 1991. Since
then, this hospital has been the referral centre for
the Merseyside region and parts of north Wales.
We have experienced most of the early and late not maintain a dry cavity. Those who had undergone
stages of this rapidly developing technique. The middle-ear surgery had associated otitis externa as
aim of this study was to evaluate the long-term the main indication for BAHA implantation,
results of osseointegration of BAHA implants in although one patient had persistent perforation.
the mastoid process, with particular emphasis on Patients who had undergone reconstruction of the
the frequency and degree of adverse skin reactions external canal for hearing benefit or correction of a
close to the region of skin penetration. narrow canal (for chronic otitis externa) had

restenosis. One patient had failed stapedectomy
Materials and methods and required BAHA for unilateral sensorineural

hearing loss (SNHL).
The case notes of all patients who had undergone The hearing loss in the operated ear was conduc-
BAHA insertion were retrospectively reviewed, and tive on 55 occasions (54 patients), and mixed on
information regarding demographics, indication for 117 occasions (107 patients). A BAHA was fitted to
surgery, previous hearing aids and audiograms was a 'dead ear' on four occasions (four patients). In
extracted. Any documented peri- or post-operative line with the original criteria for BAHA implan-
complication was recorded, and the total length of tation most of our patients had a PTA threshold
follow up was noted. Patients who had undergone of 45 dB or better (Figure 1). Those with bone con-
fixture placement for an auricular prosthesis were duction better than 45 dB also fared well (11 patients
excluded from the study. had pre-operative bone conduction of 45-60 dB;

The pure tone average (PTA) of the pre-operative only one abandoned their BAHA, due to persistent
bone conduction threshold in the operated ear was pain around the abutment). Six patients had a dead
calculated at 0.5, 1.0, 2.0 and 4.0 kHz. ear, four had unilateral SNHL, one had recurrent

loss of osseointegration of a fixture originally fitted
Results on the good hearing side, and one patient's audiolo-
We identified 167 patients who had undergone a total gist recommended fitting another BAHA on the non-
of 178 BAHA procedures between January 1991 and diseased deaf ear in order to increase spatial
December 2004. Two patients who had been lost to awareness.
follow up or had moved out of the geographical Although most patients had used hearing aids pre-
area soon after the operation were excluded from viously, 15 had the BAHA as their first hearing aid
the study. There were 68 males and 97 females. The (Table 1II). In the second half of this series, all
age of the patient at the time of operation ranged patients had a two-month trial period with a bone
from four to 85 years, with a mean of 49.7 years conduction hearing aid prior to their BAHA fitting.
and a median of 53.5 years. Twelve patients (two One hundred and sixty of the procedures were per-
bilateral) were aged 16 years or under. Nine patients formed by a consultant (90 per cent) and the rest by
had a BAHA inserted on each side of their head at specialist registrars. Due to technical reasons, we
separate times (i.e. bilateral BAHA). Two patients chose to perform the majority of procedures under
had their BAHA changed from one side to the general anaesthesia (83 per cent). The remainder
other. In most cases, the BAHA was fitted on the was performed under local anaesthesia, at the
hearing side that had the best bone conduction patient's choice or due to unfitness for general
thresholds; this was on the left side in 75 procedures
and on the right side in 100 procedures.

Patients in this study underwent a BAHA fitting TABLE 11
for the indications outlined in Table I. PATIENTS' PREVIOUS EAR SURGERY

One child and one adult with anotia had an abut-
ment inserted alongside the fixtures for an artificial Procedure n
pinna, during the same operation. One hundred Mlastoidecomy 78
and five patients had undergone previous operations Tympanoplasy or tympanotomy IS
on the ear on the side in which the BAHA was Reconstruction of external canalw 7
inserted (Table II). The majority had undergone Stapedectomy I
mastoid surgery for control of disease (90 per cent
successfully) but were hearing aid users and could *For congenital or acquired stenosis.

Page 268 of 318

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



172 K BADRAN, A K ARYA. 0 BUNSTONE a ii.

abutment was monitored. The next visit was around
30 2.5 months post-operatively, when the BAHA was

attached. Patients were reviewed three months later
(six months from the operation date) and thereafter
at six-monthly intervals.

For 42 operations. incomplete healing of the graft
was observed during the first follow-up visit. This was
usually at the graft s anterior edge, as our flaps were
posteriorly based. No treatment was required, and

there was no delay to the provision of the hearing
aid. However, partial failure of the graft was

0. 16..n:1-25 26-30 31-35 as a14 46-9 51-5 so-ss se observed for three procedures; these grafts healed
PrAbmureIhld nd HB over within one month without further complication.

In one case, there was total necrosis of the skin flap,
FIG. I which was closed by a rotation flap. This healed by

Patients' pre-operative pure tone average bone conduction primary intention and did not delay the provision
thresholds in the operated car. of the hearing aid.

We recorded skin reactions around the abutment,
using the system first described by Holgers et al "o

anaesthesia. However, this provided less operator Only symptomatic skin reactions were recorded (i.e.
control, particularly when drilling the bone. The skin reaction type two or worse). Seventy-two per
majority of procedures (n = 131) were performed cent of our patients did not experience any sympto-
as day cases. In-patient stay was required when matic skin reactions. Skin reactions were categorised
there were concerns over the patient's fitness or the as early (i.e. within one year post-operatively), inter-
distance of their home from the hospital. Three mediate (one to three years) or late (more than three
patients planned as day cases had to stay overnight years). The majority of skin reactions tended to occur
because of bleeding. early (37/624 observations); of these, type two reac-

The main problem encountered during the pro- tions were the commonest (26/37, 70 per cent). Skin
cedure was bleeding from the temporalis and sterno- reactions were less likely to occur as time progressed
cleidomastoid muscles. It was found that this was (intermediate reactions were noted in 12/403 obser-
minimised if the muscles were divided with cutting vations (3.0 per cent) and late reactions in 12/646
diathermy. Bleeding from the bone occurred in five observations (1.9 per cent)). Type two skin reactions
patients (3 per cent); this was controlled with bone were managed with local ointments and oral anti-
wax to allow a further hole to be drilled in an adja- biotics. Type three skin reactions were observed in
cent site. In one case, there was a very small 11 patients, and were managed with silver nitrate
mastoid process and elevation of the sternocleido- cautery to the granulations in five cases; however,
mastoid muscle resulted in incision of the internal in six patients, granulation tissue was excised under
jugular vein. This was scaled with a fibromuscular general anaesthesia, followed by grafting in three
plug from the vastus lateralis and the operation was patients. Two patients were admitted to hospital for
abandoned. The operation was subsequently com- intravenous antibiotic treatment due to severe infec-
pleted with the placement of the fixture and the abut- tion of granulations. Type four skin reactions were
ment somewhat more superiorly than usual. The observed in three patients during three clinic visits.
dura was exposed on three occasions, but this did Such a severe reaction necessitated temporary
not prevent the insertion or the osseointegration of removal of the abutment. After one such experience,
the flange fixtures. one patient decided to completely abandon their

Follow-up time ranged from three months to 161 BAHA.
months (13.4 years), with a mean of 50 months (4.2 No BAHA complication showed an increasing rate
years) and a median of 36 months (three years). of incidence with time.
The first post-operative visit was two weeks after Eighty-one per cent of patients did not suffer from
the operation, at which the healing cap and sutures loss of osseointegration at any stage (Figure 2). Loss
were removed and the condition of skin around the of osseointegration occurred in 31 fixtures (24

TABLE Ill
PATIENTS HEARING AID USAGE PRIOR TO BAHA TABLE IV

Aid type Ears PERCENTAGE LOSS OF OSSEOINTEGRATON VERSUS PATIENT AGE

n % Reason Occasions (n)

Air conduction 93 53 Poor sound quality 6
Bone conduction 37 21 Pain at BAHA site 4
Air & bone conduction 11 7 Loss of usscointegration 4
None 15 9 Recurrent infection 1
Data unavailable 20 11 Uncontrolled hair growth 1

BAHA = bone-anchored hearing aid BAHA = bone-anchored hearing aid
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LONG-TERM COMPLICATIONS OF BONE-ANCHORED HEARING AIDS 173

U Symptomatic Ml Loss of Fifty-seven patients underwent a total of 73 revision

skintrtion osseolegmamion operations (under general or local anaesthetic). as
82 follows (some patients had more than one revision pro-

7o cedure): insertion of a new fixture after loss of osseoin-
tegration (29 patients, 34 procedures): removal of the
abutment with or without the flange fixture (12
patients, 12 procedures); exploration of the abutment
and excision of granulations or an abscess (four
patients, six procedures): and removal of skin growth

21 5 or soft tissue thickening around the abutment (14
6 ipatient, 21 procedures). Some of the patients in the

I I last two groups required removal of bone and/or a
, 2 skin graft.

Complication episodes The BAHA was abandoned in 16 patients (9.7 per
cent). This occurred spontaneously following loss of

Fin. 2 osscointegration in four patients. The BAHA had
Percentage of patients suffering episodes of complications. to be removed in the remaining 12 patients.

Discussion
spontaneous and seven traumatic cases), amounting The introduction of the BAHA has enabled patients
to almost one-fifth of our population (18 per cent). who cannot use conventional hearing aids to enjoy
Four patients decided to abandon their BAHA, better hearing, due to the BAHA's safety, low inci-
while 27 patients requested reinsertion of the dence of complications and high efficacy in transmit-
fixture (Table IV). Data for loss of osseointegration, ting sound energy.2 5

stratified by age and fixture size, are shown in In the earlier years of BAHA insertion pro-
Table V. In total, the median interval from the time cedures, surgeons were recommended to perform a
of operation to loss of osseointegration was 6.3 two-stage procedure (described in detail else-
months. where)." This technique was subsequently replaced

The incidence of common complications (i.e. with a one-stage procedure (described elsewhere),2
symptomatic skin reactions and loss of osseointegra- which has been proved to be as effective.12 1 3 In our
tion) over the follow-up period is shown in Figure 2. series, the two-stage technique was applied in 17 pro-
There was no tendency for loss of osseointegration to cedures (17 patients), 83 per cent of which were per-
increase with time. Loss of osseointegration did not formed before 1994. In the remaining 159 procedures
increase with the age of the patient. (150 patients), a one-stage procedure was performed

Thickening or overgrowth of skin and soft tissue (two patients with bilateral BAHAs underwent both
around the abutment occurred in 15 patients, leading techniques).
to an inability to fit the aid to the abutment. This In our early experience, we used a postauricular
required surgical removal of subcutaneous tissue. In (Thiersch) graft for skin reconstruction at the
two of these patients, there was also overgrowth of BAHA site, as described by Tjelistrom.12 Sub-
bone surrounding the flange fixture, which required sequently, we moved to using a split skin graft, har-
removal of the excess bone by drilling. vested from the BAHA insertion area (using a

Seven patients suffered persistent pain in the hand-held dermatome), in a similar manner to that
BAHA region. In four patients, removal of the abut- described later by Woolford et al." As our experi-
ment and the flange fixture was required. ence developed, we began to use a local, split

In three patients, bleeding occurred within 24
hours of the operation, and in two cases the patient
required admission. Recurrent bleeding around the 120
abutment at a later date occurred in 23 cases. This
was due to excessive rubbing of the area while clean-
ing, or due to the presence of loose. mobile skin. to

eS60.

TABLE V

FIXTURE FAILURE BY PATEENT AGE AND FIXTURE SIZE 20

Factor Failed fixtures/total (n (%))

Patient age (yrs) Poslauricular Hand-held Skin lap Electric
<16 5/14 (36) skin graft dennatomc dennatome
>16 26/162 (16)
Fixture size Technique
3 25/90 (28)
4 6/86 (7) FIG. 3

Operative techniques used for bone-anchored hearing aid
Yrs = years implantation.
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thickness skin flap technique. using a number 15 flap was raised using an electric dermatome,
blade, which was becoming popular in the UK at although the follow-up period was short.
that time (??, personal communication). More Inadvertent penetration of the internal jugular
recently, the electric dermatome has been introduced vein. encountered in our series, has been reported
in our department (Figure 3). before. Similar to our management. this has been

Previous reports comparing the original two-stage reported to be easily controlled by placing a muscle
procedure with the more recent one-stage procedure flap over the bleeding site.[' In our series, the dura
concluded that the clinical results of the two tech- was exposed in three cases, but this did not lead to
niques were statistically comparable.' Mylanus adverse events. One previous study reported a
and Cremers showed that the frequency of adverse patient whose implant was in contact with the
skin reactions following the two techniques was sigmoid sinus but caused no complication.4

similar, 12 months after the operation." Although Inadequate bone thickness while drilling has also
the one-stage technique showed a higher incidence been mentioned as a hazard. especially in young chil-
of early skin reactions (possibly due to early dren.9 Thinness of bone should not hinder implan-
loading of the abutment), these authors mentioned tation, as in many cases the implant can still be
that the results of this technique were encouraging made stable.3 In our series, such a situation was
as regards a reduced number of operations. encountered only once, in a nine-year-old child. In
However, they admitted that their follow-up time this case, we used a 3 mm fixture, which at the time
was too short to make a general statement about of writing had lasted almost two years.
the possibility of replacing the two-stage technique.' 3  Our first post-operative evaluation of the graft was
We had exactly the same results in our first 12 performed 10 to 14 days after the operation.
months. However, after compiling data from a Although we noted that a significant number had
longer follow-up period, we observed that skin reac- incomplete healing at that time, all had healed
tions in the two-stage procedure were more frequent within one month with conservative treatment. This
four years after the operation, compared to a one- has also been observed by Proops,S who stressed
stage procedure (Figure 4). Although the significance that such an event was not a disaster as the skin
of this finding is unclear (it should be noted that the heals well within the three months required for
number of patients under follow up (i.e. the denomi- osseointegration to occur.'5

nator) declines with time in longitudinal studies, In 96.2 per cent of the observations in our series,
which magnifies the effect of those surviving in sub- no symptomatic skin reaction was noted. Our
sequent intervals (i.e. the numerator)). this finding results are similar to those of previous studies,
generally supports the move towards a one-stage pro- which reported a rate of 96.6-98.3 per cent (these
cedure. In our department, the one-stage technique results included grade one reactions). 2 4 Extensive
was introduced in 1993, just two years after the soft tissue reduction at the time of the operation
BAHA programme was started. was deemed necessary, as it was thought to lessen

The survival curves for the different techniques the incidence of skin reactions.2 Seventy-two per
used for skin reconstruction are presented in cent of our patients did not experience a single
Figure 4. For the two-stage technique, the initial episode of skin reaction during their follow up.
results were good; however, deterioration tended to Other studies have reported a rate varying from 68
occur with time. Closure by skin graft resulted in to 81 per cent.2.4 ,3 15

fewer skin complications than skin flap closure. We In assessing skin reactions (Gothenborg classifi-
also observed fewer skin reactions when the skin cation by Holgers), 4 " some authors have reported

no apparent increase in the rate of skin reaction
over tune.3 .4,8 , o Hakansson et al 3 used a score

-X--skintiap Deomatome obtained by dividing the sum of the skin reactions
--*--Skingraft -- Twosurges (calculated according to their severity) by the total

100 number of implants for each month of follow up.
90 =They found a range of 0.01 to 0.21 during the first
so -..... 60 months, with no clear tendency to increase.
7o They also calculated the score for implants that
60 :were followed for longer than 42 months, and
so found that this score was almost identical to the

average result of all observations. Our results were
30 quite similar; the range was 0.02-0.22 in the first 60

months, and the scores for implants followed for
longer than 42 months were almost identical to the

10 total average for all implants (±1.7 per cent).
o . .4 .6 4 4 Subcutaneous tissue around the BAHA implant061IS240 up 42monh 40 66 72 '78 can increase in thickness over time. requiring exci-

Fo01low up (months)2 sion with or without grafting. This observation was
FIG. 4 noted to be more apparent around puberty.1 In

Cumulative proportion of bone-anchored hearing aid implants our series, soft tissue reduction (excluding excision
remaining free from symptomatic skin reactions over the of overgrowth) was required in 10/176 cases

follow-up period (six-monthly assessment). (5.7 per cent).
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LONG-TERM COMPLICATIONS OF BONE-ANCHORED HEARING AIDS 175

In our series, 31 patients (18 per cent) lost their Conclusions
BAHA implant. Out of these, 24 patients immedi- Our experience with BAHA implants has been
ately requested replacement with a new implant. largely positive, and replicates the Swedish experi-
This is in concordance with other published series ence. However, it must be appreciated that one in
in which patients immediately requested a new three patients will require some form of revision
implant when the first was lost."'5 However, other surgery during the lifetime of their BAHA. A sub-
published series reported lower rates of implant stantial workload for maintaining the device should
loss. It should be noted that our series included be anticipated, and patients should be appropriately
seven traumatic displacements of the abutment. counselled beforehand.
accounting for the higher overall rate of implant One-stage surgery was associated with earlier skin
loss. Initially, the flange fixture and the abutment reactions and two-stage surgery with later reactions.
were separate. On 27 visits (22 patients), the attach- Skin grafts resulted in fewer skin reactions, compared
ment of the abutment to the flange fixture was with skin flaps. and the former are recommended.
observed to have become loose. The screw attaching Dermatome surgery resulted in a promisingly
these two pieces was tightened in the clinic. In four low rate of skin complications. There was no signifi-
patients, there was loss of osscointegration, seen cant increase in skin reactions over time. Loss of
after tightening, which may have been either cause osseointegration may be reduced by using the 4 mm
or effect. Since the introduction of the pre-mounted fixture and by adopting a one-stage technique.
fixture (i.e. both the abutment and the flange Intra-operative complications are mainly minor and
fixture inserted as one unit) in late 2003, this pro- predictable. Sixteen patients chose to abandon their
cedure has not been required. BAHA. Despite this. 91 per cent of patients in our

The overall loss of osseointegration following the series continued to use their BAHA with
one-stage procedure (25/159 observations) was less satisfaction.' 6
than that observed following the two-stage procedure
(six of 17 observations). This was noted despite early
loading of the flange fixture in the one-stage pro-
cedure. However, the significance of this observation
is unclear, due to the substantial difference in group References
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The Birmingham Pediatric Bone-Anchored Hearing
Aid Program: A 15-Year Experience

Ann-Louise McDermott, Jo Williams, Michael Kuo, Andrew Reid,
and David Proops

Birmingham Children s Hospital, Birmingham, U.K.

Objective: To evaluate the complication rates and outcomes failures) occurred in 7 patients. Adverse skin reactions appeared
of children who were fitted with a bone-anchored hearing aid in 34 (17%) patients during a 15-year follow-up period. Revi-
(BAHA) on the Birmingham BAHA program. sion surgery was undertaken in 14 (8%) cases because of skin
Study Design: Retrospective case analysis of clinical records overgrowth around the abutment. Five of these cases required
of all children implanted at Birmingham Children's Hospital multiple surgical skin reductions.
since the beginning of the program in 1992 until February Conclusion; The Binningham Program has a high proportion
2007. of syndromic patients with complex medical problems. The
Patients: A total of 182 children younger than 16 years old fixture failure rate was found to be 14%. This included the
fitted with a BAHA. Of these children, 107 had a significant multiple-fixture failures in children younger than 3 years old.
medical history. There was I serious complication. The BAHA is a reliable and
Results: Surgery was performed as a 2-stage procedure in effective treatment for selected patients. Our program cur-
174 children. The healing time was between 3 and 4 months rently has 97% of its children wearing their BAHA on a daily
in 112 (64%) cases. Single-stage surgery was performed in basis with continuing audiologic benefit. Key Words: Bone-
8 cases. Implant failures were 14% of 230 loaded fixtures anchored hearing aid-Osseointegration-Pediatric.
(32 fixtures lost in total). Multiple-fixture failures (18 fixture Orol Neurotol 30:178-183, 2009.

The use of osseointegrated implants for bone-anchored second patient was implanted. This slow start was due
hearing aid (BAHA) retention is now a well-established to a combination of difficulties forming a multidiscipli-
practice since the device became commercially available nary team with all the necessary specialties, in particu-
in 1987 (1). There are many reports acknowledging the lar, audiology. The period between 1988 and 1992 saw
benefits of the BAHA both in audiologic terms and in its sporadic BAHA surgery. Then, in 1992, a designated
effects on patient well-being (2-5) The BAHA is a reli- Birmingham pediatric BAHA program was set up with
able and effective means of hearing rehabilitation, a multidisciplinary team composed of otolaryngologists,

In the adult population, the BAHA has been used pri- audiologists, an anaplastologist, a speech therapist, and
marily for chronic suppurative otitis media, chronic otitis an advanced nurse practitioner. Since this time, the pro-
externa, and failure with conventional aids. In the pedia- gram has grown, and it is now recognized as one of the
tric population, the BAHA has, in addition to the above, largest in the U.K.
proven to be enormously useful in cases of congenital The aim of this study was to evaluate the complication
aural atresia and is an alternative to canal and middle car rates and outcomes of children who were fitted with a
reconstructive surgery (6,7). BAHA on the Birmingham Pediatric BAHA Program

In Birmingham, the first osseointegrated fixture for since it began in 1992 until February 2007.
a BAHA was implanted on August 23, 1988 in the
Birmingham Children's Hospital. The patient was a
15-year-old boy who had previously undergone bilateral METHODS
mastoid surgery. It was almost 12 months before a

This was a retrospective case analysis of all children aged
Address correspondence and reprint requests to Ann-Louise 16 years and younger who received an osseointegrated fixture

McDermott, F.D.S., R.C.S, F.R.C.S (ORL-HNS), The Department of for a BAHA at the Birmingham Children's Hospital since 1992.
Otolaryngology, The Birmingham Children's Hospital, Steelhouse A total of 182 records were analyzed by 2 clinicians. Out-
Lane, Birmingham, B4 6NH, U.K.; E-mail: annlouisemedermott@ comes included indication fora BAHA, medical history, surgery,
msn.com complications, and postoperative follow-up.
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BIRMINGHAM PEDIATRIC BAIL4 PROGRAM 179

All fixtures placed for auricular prosthesis were excluded TABLE 2. Indication for BAHA
from this patient cohort.

A small number of children had bilateral BAHA, and out- n

comes for the second side were also evaluated. Congenital aural atresia 89
Congenital microtia 44
Chronic suppurative otitis media 38
Chronic otitis externa 6

RESULTS Failure with conventional aids 3
Trauma to external car 2

There have been 182 children younger than 16 years
who have been implanted and fitted with a BAHA on the BIAHA indicates bone-anchored hearing aid.

Birmingham program during the past 15 years. There
were 102 female and 80 male patients. Since 2002, all patients undergoing BAHA assess-

ment, irrespective of the underlying cause, had worn
Medical History a BAHA Softband before surgery with good results

One hundred seven (59%) children had a significant (94 patients).
medical history: There were 28 cases with Goldenhar,
26 children had Treacher Collins, 17 had unusual chro- Side of Implant
mosomal deletions, 15 had Down syndrome, and 4 cases The side of implantation was generally dictated by the
had Pierre-Robin sequence. The others included cases cochlear function and patient and surgeon preference.
with Turners syndrome, CHARGE syndrome, and bran- There were 97 on the right and 51 on the left. Seventeen
chiootorenal syndrome (Table 1). children had bilateral BAHA. Of these children, 4 had

bilateral simultaneous implantation.
Indications for BAHA

One hundred seven children had a conductive or Age
mixed hearing loss as a result of an underlying syndrome The age at implantation ranged from 2.0 to 15.1 years.
or abnormality. Of the remaining 75 cases with no sig- The mean age was 6.8 years. Thirty-nine children youn-
nificant medical history, 38 children had chronic middle ger than 5 years had implants between 1992 and 2004.
ear disease.

Finally, there were 22 children who had isolated con- Procedure
genital atresia not associated with a recognized syndrome One hundred seventy-four children had 2-stage sur-
(Table 2). All cases had tried conventional air and/or gery. There were 2 senior otologists responsible for all
bone conduction aids. the implant surgery on the Birmingham BAHA Program.

Two cases had traumatic injuries to the external ear, I During the 15 years of the study, slight variations in
bum accident and I road traffic accident. Both were un- the surgical technique and postoperative dressings were
able to wear conventional aids. noted; however, the basis principles were unchanged.

The first procedure involved incision and elevation of
the soft tissues, including the skin, subcutaneous tissues,TABLE 1. Significant medical history and periosteum and insertion of 2 fixtures. In cases with

Syndrome n thin bone or significant surgical concern, a third fixture
was used. No skin reduction was included in this stage.Goldenhar syndrome 28

Treacher Collins syndrome 24 Both 3- and 4-mm fixtures were used (Table 3). The
Down syndrome 16 second stage was performed between 12 and 51 weeks
Unusual chromosomal deletions 12 later (mean, 20 wk).
Pierre-Robin sequence 3 The standard healing time between the first- and second-
Turners syndrome stage procedures was 3 months in 112 children (64%).
CHARGE association 2 This period was increased to 5 to 6 months in 53 cases
Branchiootorenal syndrome 2 (30%) at the surgeons' discretion as a result of operative
Fetal-alcohol syndrome 2 findings of "inadequate bone thickness," Social/family
Asymmetric crying face reasons resulted in a delay in second-stage surgery in 9Pfeitter syndrome c
Kabuki syndrome cases (5%).
Dubowitz syndrome I The favored method of soft tissue management in
Klippel-Feil 1 Birmingham has always been either a local free split-
Nagars syndrome 1 thickness graft taken from the postauricular area or a

Aargies syndrome thinned pedicled split-thickness flap.
Hunters syndrome 1 The subcutaneous tissues were reduced, and a stan-
Comelia de Lange 1 dard abutment (no larger than 5.5 mm) was placed on
Smith Magennis syndrome 1 1 chosen fixture.
Di George syndrome 1 The implant was placed in contact with the dura in 67Winter-Tsukahara syndrome cases, and contact with the sigmoid sinus was reported in

Otology & Neurotology, Vol. 30, No. 2, 2009
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TABLE 3 . Surgical considerations patients. In the formative years of the program. there

No. cs were more follow-up appointments for each patient
than in the latter years. Eighty children (44%) had been

3-mmn fixtures 115 discharged to either their own local BAHA program or
4-mm fixtures 67 transferred to the Birmingham adult program at the time
Bone augmentation 34
Dura identified 67 of the study.
Signoid sinus identified II
Mastoid air cell identified 5 BAHA Wearers (Success Rate)
No operation notes 5 One hundred seventy-six (97%) patients are still wear-

ing their BAHA on a regular daily basis. There were
4 nonusers. Two of these children had abandoned their

II cases. Implants in contact with mastoid air cells were BAHA as a result of peer pressure and cosmesis issues.
noted in 5 cases. The dura was not breached in any case. One child had repeated difficulties with the sound pro-

A 1-stage surgical procedure was performed for cessor and opted to return to conventional aids, and the
8 patients. All others had standard 2-stage surgery. A final child complained of pain and tenderness of the skin
total of 411 fixtures were implanted during the 15 years around the abutment when wearing the BAHA. How-
of the pediatric program. ever, clinical and radiologic examination revealed the

abutment site to be healthy. Two cases remain unknown.
Fixture Failures

A total of 32 fixtures were lost during the 15-year DISCUSSION
period, giving a failure rate of 14% of the loaded fixtures.
Twenty-five of these failures were in the group younger This study was a retrospective case analysis. Retro-
than 5 years, and all these fixtures were lost within the spective studies raise certain problems. First, the avail-
first 2 years. There were only 7 fixture failures in chil- ability and quality of medical records during a 15-year
dren older than 5 years (Table 4). Of the failed fixtures, period were not always ideal. Although all 182 records
25 were 3 mm (78%). Of the remaining 7 failures, 4 were analyzed, 4 cases had no record of implantation
(13%) were 4 mm. The remaining 3 cases did not have side, and 5 cases had missing operation data. In all
satisfactory documentation. 9 cases, the records were pre-1996.

Nineteen fixture failures were associated with wound The rationale for the management of many cases has
breakdown and significant skin reaction. Five children not always been clear from the patient records. Avail-
lost their fixtures as a result of trauma. There were in- ability of audiologic data was a particular problem in this
complete records for the remaining case. With the excep- study. Cross-referencing the operative procedures and
tion of age, no association was identified between cases dates with the operating ledgers was often necessary.
of fixture failure. In the early years of the program, many children were

referred from other regions within the U.K.; however,Skin Reactions because more regional programs now have experience
Holgers classification of skin reaction was first used in with BAHA, many of these children have continued

the documentation of postoperative skin reactions in their follow-up nearer their homes. This raised particular
2001. Before this, it was a subjective record. issues with long-term follow-up of the children. The

Adverse skin reactions appeared in 34 (17%) patients record of late complications that may occur after dis-
during a 15-year follow-up period. "Adverse" was stan- charge and the assessment of the current use of BAHA
dardized as a soft tissue problem requiring repeated visits in patients now cared for in other BAHA centers was
to clinic for wound care, repeated silver nitrate cautery, considered. These issues were dealt with by direct con-
or antibiotic therapy. Complete graft failure occurred in tact with the patient/carers by our advanced nurse practi-
7 cases; however no further surgery was necessary, and tioner who has kept in contact with the patient and family
healing occurred by secondary intention. over the years.

Fourteen further cases required surgical skin revision. Auricular prostheses require more than I fixture, and
In this particular cohort, 2 children had 3 surgical reduc- the site of implantation varies greatly. In addition, these
tions each during a 3-year period. An 8.5-mm abutment children tend to have their prosthesis at an older age, and
was used in 15 cases. One case of skin reaction was
found to be the result of a rupture of an epidermoid cyst.

Follow-Up TABLE 4. Age and fixture failure

The length of follow-up varied from 4 to 13 years. The Fixture failure
first postoperative visit was between Days 4 and 8. Age. yr No. cases Loaded fixtures Fixtures lost rate, %
Further follow-up at 3 months was performed by the <3 14 23 9 40
audiologic team. Medical review was at 12 months' post- 3-5 25 40 15 38
completion of surgery. An open follow-up appointment 5-10 75 88 7 8

with the advanced nurse practitioner was available to all >10 68 79 1 1

Otology & Neurotology, Vol. 30, No. 2, 2009
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so, their surgical considerations may vary considerably for implantation for BAHA (16). In our series, predomi-
from those children having implantation for a BAHA nantly 3-mm fixtures were used. Fixture failure rates
alone. All fixtures for prosthetic prostheses were ex- have been reported as higher in the pediatric population
cluded from the study. as compared with the adults (15). Our study demon-

The Birmingham Children's Hospital is a tertiary strated an overall fixture failure rate of loaded fixtures
referral hospital, and this is reflected in the high propor- of 14%. However, only 7 fixture failures were identified
tion and diversity of the medical conditions noted in our in children between the ages of 5 and 15 years.
182 cases. Of the lost fixtures in our series, 78% were 3 mm. It is

The multidisciplinary team is crucial in the manage- interesting that some previous studies have reported an
ment of these patients. The addition of a plastic surgeon increased failure rate with the shorter fixtures (17).
has recently complimented the Birmingham program. The lower failure rates in older children together with
The anesthetist also has a vital role that is often under- the apparent success of longer fixtures raises the interest-
estimated. These children require 2 general anesthetics. ing question of whether these children should have a
Many of them may pose intubation difficulties (8). sleeper fixture especially if a 4-mm fixture can be im-

In our study, the most common difficulty encountered planted without difficulty. This raises cost implications.
during fixture insertion was thin calvarial bone. This was The Birmingham BAHA Program has previously
not just the result of the child's age but also on the fact implanted very young children (7). The youngest child
that many had craniofacial abnormalities, was 2 years old at the time of implantation. In total, there

Developmental delay of the skull bones, including the were 39 children implanted before their fifth birthday.
mastoid, has been reported in Treacher Collins syndrome The fixture failure rate was high in this group (40%) (18).
and, to a lesser extent, in Goldenhar syndrome, the 2 most Since 2002, no child younger than 3 years has been
common conditions in our series (9,10). implanted on the program. This is a direct result of

In 2 cases, the implantation was abandoned. One of the introduction of the BAHA Softband. The child can
these children now wears a BAHA; however, the sec- wear the Softband until sufficient growth has occurred.
ond child has still not been successfully implanted. This Studies to date have shown the BAHA Softband to be a
child has Dubowitz syndrome, a rare autosomal reces- valuable means of aural rehabilitation in this very young
sive condition known to be associated with delayed bone group (19).
maturation. In our series, the overall fixture failure rate of loaded

The surgical technique has been well described by fixtures was 14%, reflecting a loss of 32 fixtures during
Tjellstrdm in 1990 (l1). All children were under the the 15-year period. This is slightly higher than some
care of 2 senior otologists. Most children had a 2-stage similar studies in the literature (1,13,19-21). This may
procedure. The techniques of local split-skin graft or be a reflection of the large numbers in our study, the
pedicled split-skin graft were used in all patients. The many syndromes complicating the fixture itself and its
main operative finding was thin calvarial bone. No re- placement, and most importantly, the 39 children youn-
cords of actual bone depth were formally documented. ger than 5 years. The pediatric BAHA team at Great
Significant bleeding was encountered in 11 cases, but Ormond Street has recently reported a similar adverse
all were successfully managed by insertion of the fixture. outcome rate in younger children (22).

Sixty-seven children had documented dural exposure Our fixture failure rate was 40% in children younger
in our study. The dura was not breached in any case, than 5 years old. These findings were consistent with
Dura and sigmoid sinus exposure during BAHA surgery other authors who included very young children (21).
have been reported to be as high as 70% in the pediatric Interestingly, more recent reports in children younger
population (12,13). cess rates to be comparable with older children (23).

Depressing the exposed dura did appear to restrict Many studies reported complications from abutments
the length of the fixture to 3 mm, as has been reported used for a BAHA and auricular prostheses. It would
by Papsin et al. (14) in 1997. However, those children appear that the fixture failure rate is higher for the
who had exposed dura were implanted without any com- BAHA (24,25). It has been speculated that the loading
plications, and osseointegration did not seem to be of a single implant is less favorable than multiple
compromised. implants where all are connected to distribute the load

A 1-stage surgical procedure was performed in just 8 more evenly (26). Of the 32 fixtures that failed in our
patients. Comparison of results between I- and 2-stage series, 19 were associated with significant skin reactions.
procedures in children has not shown a significant dif- Increased soft tissue complications are well recognized in
ference in overall fixture failure rates. However, some of children (25). As the child grows, the fixture and abut-
the data from these studies includes adult patients (15). ment may become buried by new cortical bone. This oc-
There is evidence that a 2-stage procedure is associated curred in 1 of our patients. The literature suggests that the
with a lower rate of adverse skin reaction than single- rate of skin growth is equal in children and adults (27)
stage surgery (1). However, children rely upon their family/carers for help

Some authors believe that a 1-stage procedure is suc- with abutment hygiene. Perhaps this increases the child's
cessful if a 4-mm fixture is used (1). It has been sug- risk of soft tissue complications. Furthermore, many of
gested that 2 mm of cortical bone thickness is necessary these children have a significant medical condition, many
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higher in children, in our study. we found it was compar-
able with other recent pediatric studies (1,29,30) and
actually less than some previous adult reports (30).

There has been interesting debate regarding the time to
load the abutment. A limitation in pediatric BAHA prac-
tice is the long interval between surgery and loading of
the sound processor. A recent study of 26 adult patients
demonstrated no significant increase in osseointegration
failure with a healing time of just 6.5 weeks before the
abutment was loaded (30).

The length of time before the second stage was per-
formed in our series varied depending on the operative
findings and social/geographical issues. The range was
12 to 51 weeks (mean, 20 wk). Many children have
traveled from southern Ireland and distant regions of
the U.K. for their BAHA. One child had the second
stage of his BAHA surgery 51 weeks later. The child
and his parents had moved to Pakistan for 12 months.

There is concern regarding trauma in the pediatric
BAHA population. There is no doubt trauma was impor-

FIG. 1. Photograph illustrating the complete breakdown of the tant in our series; damage to the device and/or the abut-skin graft surrounding the abutment. ment was common. There were 5 traumatic fixture
failures and I more recent traumatic intracranial intrusion

of which are associated with underlying behavioral and injury of the fixture (31).
developmental delay. This would make maintenance of Finally, direct comparison of our outcome measures
their BAHA more challenging. with other published series from different institutions is

Finally, older children have an increased risk of acne. difficult because of the great variation in the different
They have an increased number of active hypertrophied study populations. In view of this, we concur with the
sebaceous glands, making them more at risk for skin rationale proposed by the Great Ormond Street BAHA
complications than the adult BAHA wearer. Team in that the measure of success of any BAHA pro-

Unfortunately, in the formative years of the Birming- gram should be a reflection of the number of successful
ham program, no objective classification was used until BAHA wearers (14). In our program, there are currently
the introduction of the Holgers classification in 2001 (28). 176 (97%) patients currently wearing their BAHA on a
Before this, the documentation of skin reaction was very daily basis.
subjective, and this made exact calculations of skin reac-
tion unclear.

Since the beginning of the Birmingham pediatric pro-
gram, the advanced nurse practitioner has had a leading
role in the management of the "wound" and today is large-
ly responsible for the excellent skin results achieved. The
follow-up and wound care are tailored to the individual
need of the child. The first review is standard between
postoperative Days 4 and 9.

Only 17% of the children had an adverse skin reaction
during the 15-year period. "Adverse" related to a wound
requiring more than 3 visits for redressing, repeated ap-
plication of silver nitrate, or the need for systemic anti-
biotics. This would most likely equate to what is now
termed Holgers Grade 3 or above.

A nonstandard longer abutment of 8.5 mm was neces-
sary in 15 children. This seemed to reduce soft tissue re-
action, and it overcame the problem of bony overgrowth
that is seen in the pediatric population (20).

In the 7 cases of complete graft failure, no further sur-
gery was necessary (Fig. 1). All 7 wounds healed with
secondary intention, and the enfsd result was an excellent
skin site around the abutment (Fig. 2).

Although the potential for increased skin reactions and FIG. 2. The same abutment site illustrating the healing by sec-
excess bone formation has traditionally been considered ondary intention 14 weeks later.
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a prolonged and perhaps difficult process, our program abnormalities: the initial Birmingham experience. J Laryngol
currently has 97% of its children wearing their BAHA oral 1993:107:502-9.
on a daily basis. We feel this excellent success rate is 17. Granstr6m 0. Bergstrom K. Odersijo M. Tjellstram A. Osseointe-

a reflection of the multidisciplinary team; all members grated implants in children: experience from our first 00 patients.
Otolaryngol Head Neck Surg 2001:125:85-92.

play such an active role in managing and supporting these IS. McDermott AL, Williams i, Kuo Mi, Reid AP, Proops DWP. Bone
children and their carers to minimize complications, anchored hearing aids in very young children. Personal communi-

cation. Paper presented at the First International Symposium on
Acknowledgments: The authors thank Kate Rhodes and Bone Conduction Hearing and Osscointegration. Halifax, Nova

Naomi Parish for help with retrieval of patient records. Scotia, Canada, July 2007
19. Hol MKS, Cremers CWRJ, Coppens-Schellekens W, Snik AFM.

The BAHA Sofiband. A new treatment for young children with
REFERENCES bilateral congenital aural atresia. Int J Pediatr Otorhinolarvngol

2005;69:973-80.
1. Tietze L, Papsin B. Utilization of bone-anchored hearing aids in 20. Jacobsson M, Albrektsson T, Tjellstr6m A. Tissue integrated

children. Int J Pediatr Otorhinolaryngol 2001;58:75-80. implants in children. Int J Pediatr Otorhinolaryngol 1992;24:
2. Mylanus EAM, Snik AFM, Cremers CWRJ. Patients' opinions of 235-43.

bone-anchored vs conventional hearing aids. Arch Otolaryngol 21. Seeman R. Liu R, Di Toppa J. Results of pediatric bone-anchored
Head Neck Surg 1995;121:421-5. hearing aid implantation. J Otolarvngol 2004;33:71-4.

3. Dutt SN, McDermott AL, Jelbert A, Reid AP, Proops DW. The 22. Lloyd S, Almedya J, Sirimanna KS, Albert DM, Bailey CM.
Glasgow Benefit Inventory in the evaluation of patient satisfaction Updated surgical experience with bone anchored hearing aids in
with the bone-anchored hearing aid: quality of life issues. J Iar- children. J Layngol Otol 2007;121:1-6.
yngol Otol Suppl 2002:28:7-14. 23. Davids T, Gordon KA, Clutton D, Papsin BC. Bone anchored

4. Hol MKS, Spath MA, Krabbe PFM, et al. The bone-anchored hearing aids in infants and children younger than 5 years. Arch
hearing aid: quality-of-life assessment. Arch Otolaryngol Head Otolaryngol Head Neck Surg 2007:133:51-5.
Neck Surg 2004;130:394-9. 24. Granstrom G. Osscointegrated implants in children. Acta Otolar-

5. Gillett D, Fairley JW, Chandrashake RTS, Bean A, Gonzalez J. yngol 2000;543:l118-21.
Bone-anchored hearing aids: results of the first eight years of a 25. Reyes R, Tjellstrdm A, Granstrdm G. Evaluation of implant losses
programme in a district general hospital, assessed by the Glasgow and skin reactions around extraoral bone anchored implants. Oto-
Benefit Inventory. J Laryngol Opal 2006:1-6. laryngol Head Neck Surg 2000:122:272-6.

6. Granstrdm G, Tjellstrom A. The bone-anchored hearing aid 26. Del Valle V, Faukner MG, Wolfaardt J. Mechanical Evaluation of
(BAHA) in children with auricular malformations. Ear Nose Craniofacial Osseointegration Retention Systems. Vol. 88. Edmon-
Throat J 1997:76:238-47. ton, Canada: Department of Mechanical Engineering, University of

7. Powell RH, Burrell SP, Cooper HR, Proops DW. The Birmingham Alberta, 1993:1-28.
bone anchored hearing aid programme: paediatric experience and 27. Tjellstr6m A, HAkansson B, Granstrm G. Bone anchored hearing
results. J Laryngol Orol 1996;21:21-9. aids: current status in adults and children. Ololaryngol Clin NAm

8. Jones SE, Dickson U, Moriarty A. Anaesthesia for insertion of 2001;34:337-64.
bone-anchored hearing aids in children; a seven year audit. Anaes- 28. Holgers KM, Tjellstr6m A, Bjursten LM, Erlandsson BE. Soft
thesia 2001;5:777-80. tissue reactions around percutaneous implants: a clinical study on

9. Phelps PD, Poswillo D, Lloyd GAS. The ear deformities in man- skin-penetrating titanium implants used for bone-anchored auricu-
dibulofacial dysostosis (Treacher Collins syndrome). Cli, Opol lar prostheses. Int J Oral Maxillofac Implants 1987;2:35-9.
198 1;6:15-28. 29. Priwin C, Granstrdm G. The bone anchored hearing aid in children:

10. Zeitoum H, Dc R, Thompson SD, Proops DW. Osseointegrated a surgical and questionnaire follow-up study. Otolaryngol Head
implants in the management of childhood car abnormalities: with Neck Surg 2005:132:559-65.
particular emphasis on complications. J Laryngol Otol 2002;116: 30. Wazen 11, Gupta R Ghossaini S, Spitzer J, Farrugia M, Tjellstrom
87-91. A. Osscointegration timing for BAHA system loading. Laryngo-

11. Tjelistrdm A. Osseointegrated implants for the replacement of scope 2007; 117:794-6.
absent or defected ears. Clin Plast Surg 1990;17:355-66. 31. Tjellstrdm A, Granstrdm G. Long term follow-up with the bone-

12. Granstr6m G, Tjellstrdm A. Guided tissue-regeneration in the tem- anchored hearing aid: a review of the first 100 patients between
poral bone. Ann Orol Rhinol Larvngol 1999; 108:349-54. 1977 and 1985. Ear Nose Throat J 1994;73:112-4.

Otology & Neurotology, Vol. 30, No. 2, 2009

Page 280 of 318
Copyright @ 2009 Otology & Neurotology, Inc. Unauthorized reproduction of this article is prohibited.

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



APPENDIX 10

Page 281 of 318

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



International journal of Pediatric Otorhinolaryngology 73 (2009) 1076-1079

Contents lists available at ScienceDirect

International Journal of Pediatric Otorhinolaryngology

\jA H Rl journal homepage: www.elsevier.com/locate/ijporl

Bone-anchored hearing aid A single-stage procedure in children
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ARTICLE INFO ABSTRACT

Aride history: Objective: The bone-anchored hearing aid (BAHA) is an essential part of the armamentarium of the
Received 6 August 2008 modem otolaryngologist dealing with ear disorders. A two-stage approach for implantation in children is
Received in revised fan 21 March 2009 recommended by the manufacturers. In our practice we implant BAHA in children as a single procedure.
Accepted 28 March 2009 We describe our technique and results.
Available onfine 26 May 2009 Method We performed a review of all children having a BAHA between 1997 and 2005. Surgery was

performed by taking a post-auricular split skin graft and excising the underlying soft tissues. Drilling
Keyords. tapping and fixture placement were performed as per the manufacturer's instructions. The skin graft was
BHAA
Paediatric then sutured in place and perforated in its centre and the abutment placed. Ten to twelve weeks were

Implantation allowed for osseointegration before the hearing aid attachment.
Audiology Results: Thirty children were implanted. Age at implantation ranged from 3 to 15 years (mean 9.1 and
outcomes median 8.1 years). Main indications included recurrent otorrhoea, conductive hearing loss and aural

atresia. Follow-up was at 4-6 weeks review initially, curtailing to 6 monthly reviews and then annual
review. Early complications of skin infection occurred in two patients. Late complications such as skin
hypertrophy and chronic infection occurred in two patients. Two patients lost the fixture due to trauma.
both were subsequently reimplanted. There was no incidence of implant failure to osseeintegrate.
Twenty-eight children (93%) implanted wear their BAHAS.
Conclusion: Our results show that a single-stage technique is associated with a low rate of early
complications, with no reports of fixture loss due to osseointegration failure.

a 2009 Elsevier Ireland Ltd. All rights reserved.

1. ltrioduction early results in the support of single-stage surgery for paediatric
BAHA insertion.

The bone-anchored hearing aid (BAHA) is an essential part of
the armamentarium of the otolaryngologist dealing with disorders 2. Methods
of the ear. It is a bone-conduction hearing device secured to the
skull by the process of osseointegration using a titanium fixture. All children undergoing BAHA surgery in our unit are operated
The implant propagates sound directly to the inner ear through the upon by a single surgeon (NKG). Their details are recorded in a
bones of the skull, bypassing the impedance of the skin and database prospectively. We reviewed the clinical records of 30
subcutaneous tissues. It can be used to rehabilitate those with a children fitted with BAHAconsecutively over a period from 1997 to
conductive or mixed type of hearing impairment. Patients who are 2005. We recorded patient demographics, indication for surgery,
unable to wear a conventional hearing aid are the primary associated co-morbidity. initial and late complications, the long-
beneficiaries: in the paediatric population this is commonly term stability and audiologic thresholds.
patients with aural malformation or atresia.

Most surgeons implant BAHA in adults as a single-stage 21. Surgical technique
procedure. A two-stage approach for implantation is recom-
mended by the manufacturers for children, because of fears of The first step in BAHA implantation is to mark the site. The ideal
poorer osseointegration than compared to adults II]. However, it position is identified 5 cm behind and above the external auditory
has been our practice to implant BAHA in children as a single stage. meatus (unless the child has microtia, when it is preferable to place
The aim of this study is to describe our technique and present our the BAHA more posteriorly so as to avoid damaging the skin

envelope for any possible future auricular reconstruction). After
the area is shaved and cleaned, the site is then marked with

- Corresponding author. methylene blue and infiltrated with 2% lignocaine with 1:80,000
E-mail address: lubna0 10@yahoo.com (L Hadoura). adrenaline (Fig. 1). A split skin graft (in order to ensure hairless area

0165-58761$ - see front matter o 2009 Elsevier Ireland Itd. All rights reserved.
doi: 10.1016/j ijporl2009.03028

a 11

Paae 282 of 318

Records processed under FOIA Request #2013-2881; Released by CDRH on 09-08-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



5. All ad/fnernaiona Journal of Pediatric Otorhinolangology 73 (2009) 1076-1079 1077

FIg. 1. Site marking and infiltration Fig. 3. Bone drilling.

for the implant) is taken from the site using a Silver's knife. Removal interest in BAHA (AC). The wound is further reviewed at 4-6 weeks
of soft tissue is carried out down to periosteum (Fig. 2). The area is in the clinic, and the implant left to osseointegrate for 10-12 weeks
drilled with a 3 mm burr, followed by a 4 mm burr ifthe thickness of before BAHA fitting. Thereafter. the patient is seen for review at 6
bone allows (Fig. 3). At times the dura was exposed, but that did not months and then annually,
alter the technique employed. The hole is tapped (all children in this
series were implanted before the use of the self-tapping fixture was 3. Results
adopted). A single fixture is placed with no irrigation (Fig. 4). The
split skin graft is placed over the fixture and sutured with 5/0 silk 3.1. Patient group
(Fig. 5). A 4 mm skin biopsy punch is used to perforate the centre of
the skin graft. The abutment is placed onto the fixture. A healing cap Thirty children were implanted, 15 boys and 15 girls. Age at
is placed on the abutment and antibiotic ointment-impregnated implantation ranged from 3 to 15 years (mean 9.1, median 8.1
ribbon gauze is wound around the abutment as a pressure dressing years). Patients receiving BAHA had conductive and mixed hearing
to stabilise the skin graft (Fig. 6). The dressing was removed and the losses. In some patients there was co-existing problems such as
wound reviewed at 2 weeks. At this stage training in caring for the recurrent otorrhoea in five patients, aural atresia/malformation
implant for the child's carer is started by an audiologist with special in seven patients, and a bilateral cholesteatoma in one patient.

Fig. 2. Excision of subcutaneous soft tissue. Fig. 4. Fixture placement

P 2 f
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33. Technical outcomes

None of the patients had failure of osseointegration. Early
complications occurred in two patients comprising infection at the
abutment site that settled with topical antibiotic ointment Late
complications occurred 10 months after surgery in two patients,
comprising skin hypertrophy in one patient and chronic infection
in the other. These were managed with close observation, and
topical antibiotic therapy, none of these patients required surgery.
At the time of infection the BAHA was not used. Two patients had
implant loss due to trauma: this happened with considerable force
in both cases, one was hit with a frisby and the other was due to a
fall from height in the playground. Both the incidents happened
more than 5 years after implantation (both were reimplanted).
Table I summarises these complications. Overall, there were no
reported fixture losses in the early period up to 2 years. Twenty-
eight (93%) children implanted currently wear their BAHA.Two do
not, and this was due to preference for conventional hearing aids.

4. Discussion

The bone-anchored hearing aid (BAHA) has been in use since
the late 1980s, it is a device secured to the skull by the process of

Fig5. Split skin graft placement. osseointegration using a titanium fixture 121. Patients who are
unable to wear a conventional hearing aid are the primary

Co-morbidities included Treacher-Collins syndrome (4), Gold- beneficiaries: in paediatric practice this is commonly those with
enhaar syndrome (2). one each of VATER anomaly and Floating aural malformation or atresia. Patients in both the adult and
harbour syndrome, and two with undiagnosed dysmorphic paediatric group report a high level of satisfaction with their
syndromes. Aural atresia was an isolated finding in three patients. BAHAs 13,4]. Patients with craniofacial abnormalities although

representing a unique problem also have a high compliance (5,61.
3.2. Audiometric outcomes Bone-anchored hearing aids have both cosmetic and acoustic

advantages over most conventional hearing aids. Dutt et al. reports
We recorded pre-operative bone-conduction thresholds and the device to be of audiological benefit, to reduce otorrhoea,

air-conduction thresholds. The four frequency averages (over increase comfort patient satisfaction and improved quality of life
500 Hz, I kHz. 2 kHz. and 4 kHz) were recorded with pure tone [7]. Our series illustrates effective hearing improvement with post-
audiometry. The bone conduction was -5-40 dB [median 15 dB].
The pre-operative air conduction range was 25-75 dB Imedian Table 1
60 dBJ.The post-operative aided thresholds were 0-20 dB in all but

one of the patients. Speech discrimination scores were 100% at Age at implantation complication
40 dB. except for one patient in whom it was 75% at 35 dB. Early ate

3.5 Nil Nil
3 Nil Nil

13 Nil Nil
12 Nil Nil
13 Nil Nil
4 Nil Nil

11 Nil Nil
12 Nil Nil
16 Infection Nil
6 Nil Nil
2 Nil Nil
6 Nil Nil
8 Nil Nil
6 Infection Nil

10 Nil Traumatic fixture loss
12 Nil Nil
2.5 Nil Nil
8.5 Nil Traumatic fixture loss

14 Nil Skin hypertrophy
10 Nil Chronic infection
125 Nil Nil
13 NO Nil
6 Nil Nil
3.5 Nil Nil

15.5 Nil Nil
6.5 Nil Nil
9 Nil Nil
3.5 Nil Nil

19 Nil No

Fig. 6 Dressing and healing- cap placement. 12 Nil Nil
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operative aided thresholds 0-20 dB and speech discriminations satisfaction which is reflected in the high number of patients
scores to be 100% at 40 dB in the majority of patients (29 out of 30 continuing to use the device.
patients). In other studies [81 the air-bone gap was within 1OdBof
the pre-operative bone-conduction thresholds in 80% of patients References
and within 5 dB in 60% of patients.

The surgery for BAHA implantation involves a single-stage [1] BAHA. CochlearT" Ltd. Bone Anchored solutions (BAS), Konstruktionsvagen 14,
procedure under either local or general anaesthesia in adults. 435 33 Mainlycke. Sweden.

However, for children, a two-stage technique under genera! [2] P.S. WadeJ.J. Halik.J.P. Werger. LK.VosuTen-yearexperience with percutaneous
bone-anchored hearing aids: a 3- to 10-year follow-up Markham Stouffville

anaesthesia is recommended by the manufacturers and this is Hospital, 1990 to 2000, Journal of Otolaryngology 31 (2) (2002) 80-84.
the technique employed by most centres [1]. It has been our 131 1. Wazen, J. caruso, M.A. Tjellstrom, Long-term results with the titanium bone-

practice to implant children as a single stage since 1997. We anchored hearing aid: the us. experience. American journal of Otology 19 (6)
(1998) 737-741.

adopted this as a universal strategy for fitting all BAHAs, not [4] A.McoermottS.N.outt.A.P.Reid..w.ProopsAnintra-individualcomparisonof
influenced by individual skull thickness. The main advantage of the previous conventional hearing aid with the bone-anchored hearing aid: the

this is the avoidance of a second anaesthetic for abutment fitting. Nijmegen group questionnaire, Journal ofLaryngology & Otology 116 (Suppl. 28)
(2002) 15-19.

This is especially important since some series have reported over [s] B.C. Papsin, T.K.s. Sirimanna, D.M. Albert, C.M. Bailey, surgical experience with
grade 3 or 4 intubations in over a third of their children requiring bone-anchored hearing aids in children. Laryngoscope 107 (6) (1997) 80-806.
BAHAs [9]. [6] R.H. Powell, 5.P. Burrell H.R. Cooper, Dw. Proops. The Birmingham bone

anchored hearing aid programme: paediatric experience and results, Journal of
Our overall primary fixture loss rate was zero at our maximum Laryngology & Otology 110 (Suppl. 21) (1996) 21-29.

follow-up of 8 years, which is very favourable for the single-stage [7] S.N. Dutt, A. McDermott. A. Jelbert, A.P. Reid, Dw. Proops, The Glasgow benefit
strategy in children. In a comparable paediatric study the one stage inventory in the evaluation of patient satisfaction with the bone-anchored hear-

technique was found to be safe and effective with a low aid: quality of life issues, Journal of Laryngology & Otology 116 (Suppl. 28)
techiqu wa foud t besafeandeffctiv wih alow(2002) 7-14.

complication rate 161. In other paediatric series with two-stage [s] L.R. Lustig H.A. Arts. D.E. Brackmann, H.F. FrancisT. Molony, c.A. Megerian, et al.,
implantation 5-10% of implants failed to osseointegrate 110,111 Hearing rehabilitation using the BAHA bone-anchored hearing aid: results in 40

and late fixture loss occurred in 9-10% 112,13]. Thus, although the patients Otology & Neurotology 22 (3) (2001) 32o-334.
[91 S.E. Jones. U. Dickson. A- Moriarty, Anaesthesia for insertion of bone-anchored

two-stage procedure also has a low complication rate, the single hearing aids in children: a 7-year audit. Anaesthesia 56 (8) (2001) 777-780.
stage is more favourable since a second anaesthetic can be avoided [101 H. Zeitoun, R. De. S.D. Thompson, D.W. Proops, Osseointegrated implants in the
in this group. management of childhood ear abnormalities: with particular emphasis on com-

plications, Journal of Laryngology & Otology 116 (2) (2002) 87-91.
[111 L Tietze. B. Papsin. Utilization of bone-anchored hearing aids in children, Inter-

5. Conclusion national Journal of Pediatric Otorhinolaryngology 58 (1) (2001) 75-80.
[121 D. Kohan,LC. MorrisT. Romo 3rd.. Single-stage BAHA implantation in adults and

children: is it safe? Orolaryngology-Head & Neck Surgery 138 (May 5) (2008)
The BAHA provides a safe and effective means of rehabilitation 662-666.

of conductive or mixed hearing loss in the paediatric population. [131 C. PriwinG.ranstromThe bone-anchored hearingaid in children: asurgical and
Our results show that a single-stage technique is associated with a questionnaire follow-up study, otolaryngology-Head & Neck surgery 132 (4)

(2005) 559-565.low rate of early complications, particularly fixture loss. This is also [141 A. Kadhim, M.P. coireavy, C. O'Donovan, A. Blayney, Bone anchored hearing aids:
reflected in other small series [14]. Our patients have a high level of reality, failure and current status, Irish Medical Journal 97 (10) (2004) 312-314.
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Complications of bone-anchored hearing aid implantation

J C HonsoN*, A J RoPERf R ANDREwt I MP ROTHERA*. P HiL. K M G R.EN*t

Abstract
Introduction: Bone-anchored hearing aid implantations have been performed in Manchester for over 20
years. This study examined a range of variables that can occur during the implantation process, and the
effect they may have on successful outcome.

Method: Retrospective study and literature review.
Location: Tertiary referral centre in central Manchester.
Results: Details of 602 bone-anchored hearing aid implantation procedures were retrieved from the

departmental database. The overall complication rate was 23.9 per cent. The rate of revision surgery
was 12.1 per cent.

Conclusion: This study involved a significantly larger number of patients than any previously reported,
similar study. Possible reasons for differences in outcomes, and recommendations for best practice, are
discussed.

Key words: Adult; Child; Hearing Aids; Hearing Loss; Postoperative Complications; Prostheses And
Implants; Retrospective Studies; Surgical Wound Infection; Treatment Outcome

Introduction a behind-the-ear hearing aid. as the mould will not
Bone-anchored hearing aids (BAHAs) provide a fit effectively in the ear. Other suitable conditions
means of hearing for those patients who, for a include otosclerosis, tympanosclerosis and previous
variety of reasons, cannot wear a conventional ear surgery rendering the patient unable to wear a
hearing aid. Bone-anchored hearing aids were first conventional hearing aid.'
used in 1977, and have since been implanted in tens More recently, BAHAs have been used in patients
of thousands of patients.' They have been used in a with unilateral sensorineural hearing loss, frequently
variety of conditions, in patients with conductive, after excision of acoustic neuromas; however, some
mixed or sensorineural hearing loss. 2  have queried the evidence base for this indication. 8

The BAHA is based on the principle of osseointe- The BAHA is implanted on the ipsilateral side and
gration; a process by which metal integrates with sound is transmitted transcranially to the functioning
bone.3 This allows a titanium fixture to be inserted contralateral ear to give improved directional
into the mastoid bone, to which an abutment and hearing and sound recognition.9

aid can be fitted. The BAHA transmits sound. pro- The aims of this study were to assess BAHA com-
cessed by the hearing aid, to the cochlea via the plication rates at the authors' institutions, and to
cranium, therefore bypassing the tympanic mem- compare these to nationally and internationally pub-
brane and ossicular chain and, by definition, any lished data. There have been a number of studies
middle-ear pathology. reporting complications of BAHA implantation

Bone-anchored heading aids have been in use in (see Table 1), but none involving such a large
the Greater Manchester region for over 20 years. number of patients as the present study.
The indications for BAHA implantation have We have developed a database of all patients who
changed since the procedure was first developed in have undergone BAHA implantation since our
the 1980s.2 The devices were first used in patients programme started in 1984. This database contains
with conductive or mixed hearing loss due to a details about the surgical procedure and the
variety of pathology, particularly conditions resulting follow-up period, including complications and revi-
in a chronically discharging ear Another important sion surgery. Not all records are complete, especially
indication is children and adults with congenital ear for earlier operations. Nevertheless, to our knowl-
malformations.' These patients are unable to wear edge. this is currently the largest such database in

From the *Department of Otolaryngology-Head and Neck Surgery. Hope Hospital. Salford, and the tDepartments of
Otolaryngology-Head and Neck Surgery and tAudiology. Manchester Royal Infirmary. UK.
Accepted for publication: 5 May 2009. First published online 8 December 2009.
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COMPLICATIONS OF BONE-ANCHORED HEARING AIDS 133

the UK. and it has allowed us to examine our BAHA
complication rates.

We assessed four different factors to investigate
pl vztea 4 axwhether they influenced outcomes: grade of

surgeon, local or general anaesthetic. one or two
stage procedure, and operative technique. The oper-
ative technique has changed over the years. Initially,
the procedure was performed using a scalpel to raise
the flap, thin it down and remove hair, whereas now a
dermatome is commonly used to raise the skin
flap.2' 6 Initially, the procedure was performed in
two stages under a general anaesthetic. Now, most
procedures are single-stage, performed if possible

w o under local anaesthetic. 7

Materials and methods
0

A list of all the patients who had undergone BAHA
implantation in Central Manchester and Salford was
compiled by the audit departments of the Manche-
ster Royal Infirmary and Hope Hospital. This
covered the period 1984-2008. Surgical indications.
operative notes and follow-up details were then

7 - identified by examining the patients' medical
records. We recorded the grade of the operating
surgeon. whether the procedure had been performed
under local or general anaesthetic, the operative
technique, and whether the procedure had been per-
formed in one or two stages. We compared published
results to our own.

Additionally, a literature search was performed
using the Medline, PubMed and Cochrane electronic
databases, using the following medical subject head-
ings: 'adult', 'child', 'hearing aids', 'hearing loss'.

< C'postoperative complications', 'prostheses and
< . ~ a ) implants', 'retrospective studies', 'surgical wound

E -Ea infection' and 'treatment outcome'. The search
-a U Xa included all articles published in English up to 31

E T 2January 2009. Relevant references were used to
2 identify other studies.

Six hundred and two BAHAs were implanted in
499 patients. Patients' ages ranged from four to 87
years. The procedures were performed by 32 differ-

2 - - ent surgeons, mainly registrars rotating through the
north west deanery training scheme. A consultant

> Zsurgeon performed the operation in 284 cases.

Results and analysis
0 5 ~ We found an overall complication rate of 23.9 per

z ~ < Z 4 cent; this compares favourably with published rates
of 8-59 per cent, as shown in Table 1. The types of
complications encountered are shown in Table II.

Co -The main complications were soft tissue overgrowth
8 8 a 8 8 (48 patients), abutment site infection (31), abutment

and fixture dislodgement (26) and trauma (six).
Exposed bone (five patients), skull paraesthesia

0 (five), persistent pain (four) and failure of osseointe-
1. gration (four) were also encountered. Other rare

complications included neuroma. and excess feed-
-- - 2 back due to weight gain. One patient had their

S2 7 BAHA removed in order to undergo radiotherapy,
- z . and one patient asked that the BAHA be removed

V aC . as they did not perceive any benefit from the device
0 0 om 5 2 N (their hearing thresholds were at the minimum limit

Li 2
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134 J C HOBSON. A I ROPER. R ANDREWe' at.

TABLE 11 Implantation procedures were performed by three
COMPLICAT0NS ENCOUNTRED consultants and 29 specialist registrars. This appears

Po n to be a reasonably large number of operators, but
CopiainPis (n) Frequency (%) e r

actually equates to 1.5 registrars per year attached
Soft tissue overgrowth 48 8 to the consultants who performed BAHA insertion.
Skin infection 3t 5 This is not an uncommon number in the context of
Abutment & fixture dislodgement 26 4 a rotational training programme. In cases in which
Trauma 6 1
Exposed bone at abutment site 5 <1 a trainee performed the surgery. a consultant
Skull paracsthesia 5 < I present in the operating theatre during the procedure
Persistent pain at abutment site 4 <I almost invariably supervised it. Of the patients who
Failure to osscointegrate 4 <I experienced complications. 84 (58 per cent) were
Granulation tissue at abutment site 3 <0.5
Persistent bleeding at abutment site 2 <0.5 operated upon by a consultant: the difference

Persistent feedback problems 2 <0.5 between consultant and non-consultant compli-
Neuroma at abutment site 2 <0.5 cations rates was statistically insignificant.
Keloid scar at abutment site 2 <0.5 Three hundred and sixty-six procedures were per-
Haematoma at abutment site 1 <0.5 formed at Hope Hospital and 236 at the Manchester
Removed for pt to undergo RT 1 <0.
Patient did not perceive any benefit 1 <0.5 Royal Infirmary. There was no statistically significant
Laryngospasm post-op requiring I <0.5 difference between the complication rates for either

tracheostomy site.
Total 144 23.9 In this series, local anaesthesia was used in 332

Pis = patients; RT= radiotherapy: post-op= post-opentively cases. General anaesthesia was preferentially used
in children, and occasionally in adults if requested
due to nervousness or intolerance of local anaesthe-

for a Compact BAHA, but they would not consider sia. The type of anaesthetic used did not contribute
wearing a Cordelle device). All but one of the com- sitnificantly to the complication rate.
plications in our series was considered minor. One Initially, the insertion had been performed as a
patient, a 45-year-old woman with Trencher Collins two-stage procedure. The first stage had involved
syndrome, developed laryngospasm which precipi- choosing the site and placing the titanium fixture to
tated complete airway obstruction in the recovery allow osseointegration. The second stage, performed
room. Anatomical difficulties made reintubation three months later when the fixture was uncovered,
difficult and so an emergency tracheostomy was had checked for osseointegration: if this was satisfac-
performed, which was subsequently removed with tory, soft tissue reduction had been performed and
no further sequelae. placement of the abutment undertaken. More

Of the patients with complications, 73 required recently, this method was still employed for
revision surgery (12.1 per cent), 38 for skin and soft younger children and adults with poor cognition, in
tissue problems. 15 due to trauma or dislodgement order to minimise the risk of trauma during osseoin-
of the fixture and abutment, and 14 for infection. tegration.' However, the majority of our patients
Revision was also required for excessive feedback underwent a single-stage procedure. The compli-
and failure to osseointegrate. Four BAHAs were cation rate was significantly greater in patients under-
removed at the patient's request: for pain in two going a two-stage procedure, compared with a
cases, for failure to provide benefit in one case, and single-stage procedure (p <0.0001).
to enable the patient to undergo radiotherapy in Prior to placement of the titanium fixture, a skin
the other case. These results are shown in Table III. graft was taken to ensure a hairless area of skin

In order to determine whether any risk factors around the fixture. Various grafting techniques
existed that were more likely to produce compli- have been described; in this series, a scalpel and a
cations, various aspects of the operation were dermatome were the most commonly used instru-
assessed in more detail. Statistical analyses were ments.4 2 s- 29 Grafts undertaken with a scalpel had
performed using Fisher's exact test (GraphPad a statistically significantly higher complication rate,
software; La Jolla, California, USA) to investigate compared with those undertaken with a dermatome
the different factors which may have affected the (p < 0.0001). The senior author (MR) preferred to
complication rate. use a scalpel in order to retain the technique for

use during insertion of bone-anchored auricular

TABLE Ill prostheses, but trainees mainly used a dermatome
in order to minimise the complication rate and

iNDICATIONS FOR REVIS[ON SURGERY improve outcomes.

Indication Pis (n)

Skin overgrowth or soft tissue problems 38 Discussion
Trauma or dislodgement 15
Infection 14 The Manchester Bone Anchored Hearing Aid Pro-
Removed at patient's request 4 gramme has been implanting patients for over 20
Feedback I years. A number of studies have reported the compli-

ilure to assentegne73 cations of BAHA implantation, but none have
examined such a large number of patients as the

'Total revision surgery rate = 12.1 per cent present study. 4 2- Most studies have involved
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COMPLICATIONS OF BONE-ANCHORED HEARING AIDS 135

relatively small numbers of patients: previously pub- with the patient's scalp. causing feedback. This was
lished series have included between five and 188 sub- easily managed by changing to a longer abutment.
jects. Reported complication rates have ranged from The second patient had a very thick scalp and the
8 to 59 per cent. and reported revision rates from 5 to healing cap cut into the soft tissue. This too was
42 per cent. Comparing such a heterogeneous group managed conservatively.
of data can be difficult: however, for interest, the
weighted means of these studies were
calculated' t- 24. giving a combined complication - Bone a nchored heading aids ( BAHAs)
rate of 24.90 per cent (+ 14.85 standard deviation) proidhameansof hearing forthose patients
and a combined revision rate of 12.68 per cent ho-o? a varietyof reasonsiciumotweafa
(+ 10.5 standard deviation). The results are summar- cmoidria aring aid
ised in Table 1. c o r.

Bone-anchored heading aid implantation is gener- * Thee devices hayben uin se for over 20

ally safe. Almost none of the published studies have years
reported any major complications or fatalities, .* Various institutions have pulilished data
although Scholz et a have presented an interesting regarding the safety of BAHA implantation
case report of a 42-year-old man who suffered a brain * i er?600 6perationsWeencountered oily
abscess after undergoing change to his bone-anchored one serious coniplication:jaiyrigospasmiiri
implant. 0 This is a very rare complication, but note- ,paierjt with craiificiilbiforinili
worthy for its gravity. The present study encountered r were

*Minor complications were encountered in 23.9
a case of laryngospasm, which was related to the - e i

.. per cent -of patients, mostly soft-tissue-increased anaesthetic risk of patients with craniofacial Per of pant. .otltis e-
abnormalities. Thankfully, the outcome in this case on
was satisfactory. Most of the adverse outcomes seen a Revision -surgery was required in 2.1 per
in this and other studies comprised local reactions or cent of patients -

problems with the implant itself. * .Tis dy represens thelargest published
The most common complication reported in the seriestodate its comnpliatid-and revision.

literature is an adverse skin reaction around the ,,;rateswere similar to those;of 7ither
implant (generally, skin overgrowth or localised idiidiified series, wlhihhid cobin d
infection). The incidence of this complication varies weighte means%!- standard deviation of
from 7.5 to 37 per cent in the single centre 24.90+14.85 pe centand12.68+10.5 per
studies.'' However, Sheehan and Hans's postal cent, rspectively
survey of BAHA implantation in Down syndrome
patients identified soft tissue complications in 49
per cent.20 Most of these complications were success- We conclude that the BAHA is safe and effective
fully treated with antibiotics, although I to 2 per cent in the rehabilitation of patients with conductive or
required surgical intervention, with some requiring mixed hearing loss, or with unilateral sensorineural
removal of the BAHA fixture. More recently, hearing loss. Significant complications are uncom-
steroid gel has been used to reduce skin mon after BAHA implantation; however, those that
overgrowth.3' do occur may require local wound care, antibiotics

In our study, traumatic damage to the BAHA was or revision surgery.
seen in 1 per cent of patients; perhaps unsurprisingly,
this complication was more prevalent in studies
involving a predominantly paediatric population. Conclusion
Lloyd er al. found that 26 per cent of their patients This study involved a significantly larger number of
had experienced fixture loss at some point.' 6  patients than any other previously reported study.
Davids et al. identified a greater incidence of trau- The overall complication rate in the current series
matic fixture losses in children older than five years, was 23.9 per cent, and the revision rate was 12.1 per
compared with those under live.t o Yellon made cent. These rates compare favourably with previously
several recommendations in order to minimise the reported findings. The grade of surgeon, hospital site
BAHA complication rate in the paediatric popu- and anaesthesia type did not contribute significantly
lation: "(1) allow a six-month period between to the complication rate. However, performing the
stages in children with thin skulls, (2) thin the flap procedure in two stages rather than one, and using
with a scalpel when it is tented by healing fixture, a scalpel rather than a dermatome for the skin
or infiltrate the flap with local anaesthetic to graft, did appear to increase the complication rate
balloon it, prior to using the dermatome for second significantly.
stage cases, and (3) create an extremely thin flap to
prevent cellulitis" and; the latter two recommen- References
dations could presumably be extrapolated to adult I Tjellstrbm A. Hikansson B, Granstram G. Bone-anchored
practice.2 ' hearing aids: current status in adults and children. Orolar-
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ORIGINAL RESEARCH- OTOLOGY AND NEUROTOLOGY

Single-stage BAHA implantation in adults and
children: Is it safe?

Darius Kohan, MD, Luc GT Morris, MD, and Thomas Romo III, MD,
New York, NY

Pediatric BAIA surgery, however, is usually a 2-stage
OBJECTIVE: Most surgeons perform pediatric bone-anchored procedure.3 There have been few reports of complication
hearing aid (BAHA) implantation in two stages. This study exam- rates after single-stage BAHA surgery, and no reports have
ined the safety and efficacy of single-stage BAHA implantation in explored outcomes with single-stage surgery in children.
adults and children. Single-stage surgery in children would obviate the need for
METHODS: Retrospective review of 32 cars: IS pediatric (ages a second scheduled operating room procedure, thereby
6 to 13 years) and 14 adult patients who underwent single-stage avoiding a second anesthetic exposure as well as the logis-
BAHA surgery between 2002 and 2006. tical challenges to families of scheduling another surgical
RESULTS: A total of eight (25%) ears experienced complica- day. The aim of this study was to determine the safety and
tions. Overall, four (13%) ears required revision in the operating
room. In the pediatric group, there were three (16.7%) ears with alts.
skin complications; two required operative revision. In the adult adults.

group, there were five (36%) ears with skin complications; two
required operative revision.
CONCLUSIONS: In both adults and children, the single-stage
technique for BAHA implantation is safe and efficient. All coin- METHODS
plications were related to skin reaction. Safety profiles for I- and
2-stage surgery are similar, although the single-stage procedure is After institutional review board approval, a retrospective
more cost effective, avoids a second procedure, and provides for chart review was conducted that included all patients who
earlier hearing rehabilitation, underwent BAHA surgery performed by the senior otologist
@ 2008 American Academy of Otolaryngology-Head and Neck (D.K.). Although the focus of this study was on safety of
Surgery Foundation. All rights reserved. single-stage surgery in pediatric patients, we also include a

contemporary cohort of adult patients in order to place the

Tmplantation of the bone-anchored hearing aid (BALIA) pediatric results in context, which would otherwise be dif-

was first successfully performed in Sweden in 1977 and ficult given the wide range of reported complication rates in

reported in 1981 by Tjelistr6m et al' In 2002, the United BAHA implantation.

States Food and Drug Administration approved BAHA for A total of 32 single-stage SAHAs were implanted in 29
implantation in children as young as 5 years of age. Usually, patients between January 2002 and January 2007. There

were 18 implanted ears in 16 children, with a mean age of
BAHA surgery is a 2-stage process. First, a titanium fixture 9.4 years (range. 6 to 13 years). There were 14 implanted
is implanted into mastoid bone. After a period of 3 to 4 ears in 13 adults, with a mean age of 44.6 years (range, 30
months for osseointegration to occur, a skin-penetrating to 74 years). Demographic data on patients implanted with
abutment is attached to the fixture, with external attachment the BAHA device are summarized in Table 1.
of the sound transducer several weeks later. Causes of hearing loss are summarized in Table 2.

In 1995, Tjellstrdm and Granstrom2 confirmed that in Among children, the most common cause of hearing loss
adults BAHA implantation was safe and feasible as I-stage was microtia-atresia. In these cases, BAHA surgery was
surgery, wherein the external abutment is attached to the timed with the final stage of auricular reconstruction. Pre-
fixture at the time of implantation. The Tjellstrdm and operative audiology confirmed that 15 of 16 children had
Granstrom series reported a 2.5% rate of implant loss for bilateral intact auditory nerve function.
both single-stage and 2-stage procedures. Accordingly, Among adults, the most common causes of hearing loss
most surgeons today implant adult BAHAs in I stage. were idiopathic sensorineural hearing loss (SNHL) and Me-

Received July 18, 2007; revised December 4. 2007: accepted Decem-
ber 17. 2007.

0194-5998/$34.00 @ 2008 American Academy of Otolaryngology-Head and Neck Surgery Foundation. All rights reserved,
doi:10.1016/j.oLohns.2007.12.019 LI7
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Table I
Demographics of patients who undergo BAHA
implantation

Adults Children

Mean age (range) 44.6 (30-74) 9.4 (6-13)
Male 6 11
Female 7 5
Right ear 4 11
Left ear 10 7
Total patients 13 16
Total ears 14 18

niere's disease-related SNHL. A purely conductive hearing
loss was found in 5 of 13 adult patients. Figure 1 After installation of the titanium fixture with pre-

All 32 single-stage BAHA procedures were performed as mounted abutment (right), a second "sleeper" fixture (left) is
ambulatory surgery. Total surgical time including anesthe- placed I cm inferior to the primary fixture. A cover screw is then

sia time was less than I hour in all cases. All 18 pediatric applied to the spare fixture.

cases were performed with the patient under general anes-
thesia. Local anesthetic with monitored anesthesia care was the skin flap was replaced, and the skin incisions closed with
used in 12 of 14 adult cases. 5-0 rapidly absorbing suture. The BAHA skin punch was

The surgical technique for single-stage BAHA implan- then used to bring the abutment through the skin, and
tation has been well described.4 All patients received peri- xeroform gauze with the BAHA healing cap was then used
operative antibiotics. The BAHA templates were used to to protect the abutment.
plan the location of the skin flap, and the BAHA dermatome A spare "sleeper" fixture (Figs I and 2) was implanted in
then used to elevate a superiorly-based skin flap. The soft all patients with the exception of the first two adults and the
tissue deep to the skin flap was then removed, which pre- first child in the series. Mean duration of follow-up in this
served the pericranium. The edges of the incision were series was 26.9 months: 24.2 months for children (range,
undermined circumferentially and tacked to underlying 11.25 to 41 months) and 30.9 months for adults (range, 10
periosteam with 4-0 vicryl. Periosteum was then removed at to 66 months).
the site of the fixture, as localized with the BAHA template, All major and minor complications, including fixture loss
and a spare fixture site was planned I cm inferior to the (if due to failed osseointegration or traumatic extrusion),
primary site. skin irritation or overgrowth, or site infection were recorded

In adults, 4 mm fixtures were used at both the primary at postoperative visits. All patients are evaluated I to 2
and spare sites. In children, the preoperative CT scan was weeks postoperatively, and then in 3 or 4 months, at which
used to measure bone thickness and determine fixture time the BAHA transducer device was provided (3 months
length. Subsequent drillwork with the guide drill, counter- in adults, 4 months in children). Patients are then seen in
sink, and fixture-abutment complex was performed in se- follow-up yearly. We did not include processor failure or
quence at the appropriate drill speed and torque. Irrigation malfunction as a complication. Postoperative audiologic
and gentle soft tissue technique were used at all times. testing was performed on an elective basis and was recom-

A cover screw was then placed on the spare fixture, and mended only after the patients had become familiar with the
the abutment was attached to the primary fixture. Finally, BAHA sound processor.

Complication rates were reported in two forms: 1) the
probability of complication (number of BAHA sites that

Table 2 experienced one or more complications divided by total
Causes of hearing loss number of BAHA sites), and 2) the incidence of complica-

tions (number of complications divided by total number of
Adults Children BAHA sites).

Unilateral microtia-atresia 2 11
Bilateral microtia-atresia 1 3
Idiopathic SNHL 5 1 RESULTS
Meniere's disease 2 -
Conductive hearing loss 2 -
Acoustic neuroma surgery 1 - Complications are summarized in Table 3. A total of eight
Crouzon's disease - 1 (25%) ears experienced single or multiple complications, all

skin related. Because several ears experienced more than 1
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implanted in the operating room; there have been no further
complications in 3 years. In the second patient, the fixture
was lost on postoperative day 10 as a result of accidental
head trauma. After a 3-month period, the spare 3 mm fixture
was exteriorized in the office, and the abutment was at-
tached, without any further sequelae over 2 years.

DISCUSSION

The definitive study of osseointegration after single-stage
BAHA surgery was reported by Tjellstiiim and Granstrom2

at the Gothenburg University in Sweden in 1995. After 5
years of follow-up, 4 of 161 single-stage fixtures were lost,
compared with 3 of 120 2-stage fixtures. This series did not
include children. Most surgeons today routinely perform
adult BAHAs in I stage.3

The adult cohort in our study experienced a 35.7% rate of
Figure 2 The skin flap is replaced and the titanium fixture- one or more skin reaction complications: either cellulitis or
abutment complex brought through the skin. skin overgrowth. This is slightly higher than the rates of

skin complications in recent series: 7.5% to 23.3%.18 Tjell-

complication, the total incidence of complications was II strOm and Granstr6m2 did not identify a difference in skin

events in 32 ears, or 34.4%. Overall, four (13%) ears re- complication rates between 1-stage and 2-stage operations.

quired revision of some kind in the operating room. At the Skin reactions are believed to result from movement of the

end of the study period, all patients were regularly using the skin graft against the abutment. Poor hygiene and inade-

BAHA. quate removal of hair follicles from the BAHA skin flap
In the pediatric group, three (16.7%) ears experienced also predispose to irritation. It is therefore important to

single or multiple complications, all skin related. One pa- ensure that the fixture and abutment are stable and that the

tient experienced two complications, for a total of four skin graft is sufficiently thinned and secured to underlying

complications in 18 patients, which represented an inci- periosteum. To some degree, the variation in skin compli-
dence of complications of 22.2%. Two (11.1%) ears re- cation rates may be attributable to length of follow-up.
quired one or more revisions in the operating room. Com- When Tjellstrm and Granstrdm9 conducted an 8 to 16 year
plications included one case of cellulitis, which responded follow-up on the onginal 100 BAHA patients, a 32% rate of
to antibiotics and local wound care, and two sites with skin skin complications was found.
overgrowth, which both required revision in the operating Children have been presumed by most surgeons to re-
room. One of these patients required a second revision for quire a 2-stage approach. Despite relatively few studies of

.which occurred because complication rates after BAHA surgery, limited data have
suggested higher implant failure rates in children of 5.0% to

of poor hygiene and inconsistent use of the device. There 29.0%,14 compared with 2.5% to 3.5% in large series of
were no cases of failed osseointegration, fixture extrusion, adults. 2-" Additionally, Jacobsson et al 2 and Holgers et al"
or skin graft loss. have reported higher rates of skin complications in children

In the adult group, there were five (35.7%) ears with (5.1% vs 3.1%). Papsin et al' have reported a 16% rate of
single or multiple complications, all skin related. Several skin complications in children. Although there were no
patients experienced more than one complication at the
same site, for a total of seven complications in 14 ears or an
incidence of complications of 50%. Two (14.3%) ears re-
quired single revision in the operating room. There were Table 3
three cases of cellulitis, treated with antibiotics and local Complications experienced (adult and pediatric ears)

wound care; and four cases of skin overgrowth, two were Adults Children
revised in the office and two required a rotational flap under (n = 14) (n = 18)
local anesthesia in the operating room. Two fixtures were
lost after direct trauma but were not counted as complica- Skin flap cellulitis 3 1

tions because there was no evidence of failed osseointegra- Skin flap overgrowth 4 3
Failure of osseointegration 0 0

tion. In the first patient, a 3 mm fixture extruded after 22 Ears with complications 4(36%) 3 (17%)
months (following trauma with a hair dryer). Because a Ears with return to OR 2(15%) 2(11%)
spare fixture had not been placed, a new 4 mm fixture was
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fixture losses in our pediatric cohort, the rate of I or more 16 children in our series. 7 were younger than 9 years old.
skin complications was 16.7%. and 6 children were implanted with a 3 mm fixture. The

The pediatric skull has a lower mineral content and youngest patient in our series who received single-stage
higher water content than the adult skull, as well as thinner surgery was 6 years old.
bone; the mean thickness at 5 years of age is only 2 mm. We note that during the time this series was accrued only
Accordingly, Granstrdm and Tjellstrbm'" have reported that one 2 stage BAHA procedure was performed, on a 5-year-
70% of pediatric BAHAs are installed in direct contact with old boy with Goldenhaar syndrome and hemifacial micro-
either the dura or sigmoid sinus. In this study the corre- somia, whose calvarium was thinner than 2.5 mm. A 3 mm
sponding proportion was 90%. The dura and sigmoid sinus fixture was implanted and the second stage deferred for 8
tolerate indentation by the fixture with rare adverse effects. months with no complications.
This finding is not surprising given the extensive published The BAHA system reliably restores hearing to near the
medical literature on the safety of pediatric cochlear im- bone conduction line.' 8 and the transducer is adjusted to
plants, which are often positioned against the dura and maximal efficacy. A postoperative BAHA soundfield audio-
sigmoid sinus. gram essentially only reflects the amplification setting of the

We provided pediatric patients with BAHA processors at 4 device. Accordingly, all patients who receive postoperative
months after implantation, earlier than the 6 months that has audiograms achieved closure of the air-bone gap to within
traditionally been recommended. Fixture osseointegration is a 10 dB (data not shown). The efficacy of BAHA for auditory
gradual process that progresses over weeks to months and is rehabilitation has been convincingly established in several
dependent on many factors, including skull thickness, bone large series. 2.4.19

density, nutritional status, and atraumatic surgical technique at BARA surgery is not complication-free, however, and a
implantation. The process is slower in healthy children than in significant portion of patients will require revision surgery for
adults, and the extent of osseointegration required before safe either fixture loss or skin overgrowth. We advocate routine
usage of the BAHA processor has not yet been determined. It placement of a spare or "sleeper" fixture at the time of surgery,
is unknown to what extent sound processor vibration adversely to be held in reserve in the event of fixture loss. In adults, if
effects osseointegration. needed, the spare fixture can usually be exteriorized in the

Studies are currently underway examining the safety of office. We are in the process of obtaining data for a cost
early loading of the BAHA processor in adult patients, as analysis to compare routine placement of a "sleeper" fixture to
early as 6 weeks postimplantation (Cochlear Corporation, as-needed insertion of a new fixture in the operating room in
personal communication). Considering emerging evidence the event of fixture or fixture/abutment loss.
in support of earlier use of the BAHA processor and with A recent outcomes and cost-effectiveness comparison
informed consent from the patients and families, our pedi- between BAHA and atresiaplasty was reported by Evans
atric population was provided with BAHA processors at 4 and Kazahaya.'" In this series of patients treated at the same
months postimplantation. None of these patients experi- institution (a major urban medical center, Children's Hos-
enced any adverse sequelae attributable to earlier loading of pital of Philadelphia), BAHA patients achieved mean hear-
the processor. As more data are collected, we hope to ing gain of 31.8 dB, compared to 17.7 dB in atresiaplasty
provide all patients with the benefit of processor use as early patients. Mean postoperative soundfield air conduction
as is safe after implantation. threshold was 17.5 dB in BAHA patients and 31.6 dB in

To date, the largest series of pediatric BARA outcomes atresiaplasty patients. In 2006, the total cost (operating
have been reported by Papsin's group' 7 at the Hospital for room fees, surgeon's and anesthesiologist's fees, and post-
Sick Children in Toronto. This pediatric BAHA program operative clinical care fees) at the authors' home institution
has pioneered BAHA implantation in children younger than of an uncomplicated single-stage BAHA placement with I
5 years, as young as 14 months old. However, single-stage year of postoperative follow-up was estimated at $28,341,
surgery is not commonly used; Papsin has advocated compared with $42,449 for 2-stage BAHA, and $51,505 for
2-stage surgery in most children, including all children atresia surgery.
younger than 9 years old, and in any child whose calvarium Any retrospective study of this type may potentially
will not accommodate a 4 mm fixture o.'17 Among 19 chil- underestimate complication rates because complications can
dren who receive BAHAs in Toronto, only five patients with occur after the results are tabulated. This study should be
a mean age of 15 years had single-stage surgery: two of interpreted in the context of 26.9 months mean follow-up. In
these patients required revision for skin overgrowth, and addition, especially in an active pediatric population, there
there were no fixture losses. In Papsin's series, children are likely to be minor skin irritations and abrasions that are
aged 6 to 13 (comparable to our pediatric cohort) were self-treated by the patient or parents which are never re-
given a 4 to 6 month interval between stages. ported to the physician.

Our results represent the second series and largest cohort Nevertheless, our results do support the feasibility and
to date of single-stage pediatric BAHA recipients. In con- safety of single-stage surgery in children with thin calvaria,
trast to Papsin, we have used single-stage surgery in chil- even if only a 3 mm fixture can be accommodated. Our
dren younger than 9 years old, and with 3 mm fixtures. Of complication rate was actually higher in the adult group. To i3
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Updated surgical experience with bone-anchored hearing
aids in children
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Abstract
Background: We present the results of a retrospective review of children undergoing implantation with
bone-anchored hearing aids (BAHAs) at the Great Ormond Street Hospital for Children.

Methods: The case notes of 71 children undergoing BAHA placement at the Great Ormond Street
Hospital for Children between December 1990 and August 2002 were reviewed. Outcome measures
included hearing thresholds, incidence of fixture loss, skin reaction and need for revision. Quality of life
outcomes were also measured.

Results: Eighty-five cars had been implanted. Fifty-four per cent of children had experienced no
complications, 42 per cent had required revision surgery and 26 per cent had experienced fixture loss at
some point. Young age at implantation was associated with an adverse outcome. Trauma and failure of
osseointegration had been the commonest reasons for failure. A skin reaction around the abutment had
occurred at some point in 37 per cent of children but had persisted for longer than six months in only
9 per cent; this had been associated with fixture loss. The use of fixture site split skin grafts had reduced
problems with skin hypertrophy and hair overgrowth. Hearing thresholds when using BAHAs had
been comparable to those when using bone conduction hearing aids. However. BAHAs had significant
additional benefits in terms of sound quality, ease of use and overall quality of life.

Conclusion: Bone-anchored hearing aids provide significant benefits over other types of hearing aid,
both audiologically and in terms of quality of life. Careful selection of candidates and meticulous follow
up are required in order to minimize complications.

Key words: Implants and Prostheses; Otological Surgical Procedures; Hearing Aids; Children

Introduction The benefits of BAHAs over traditional bone-
It is now over 25 years since the introduction of extra- conduction hearing aids have been well documen-
oral, osseointegrated implantation.' Over this period, ted.5 '6 Benefits include improved sound quality,
the technique has become widely accepted as the reduced discomfort and improved cosmesis' 8

'gold standard' for management of conductive These benefits are particularly pertinent to the pac-
hearing loss in patients with microtia, using bone- diatric population. It has become evident, however,
anchored hearing aids (BAHAs). The technique that this particular group of patients has specific
may also be used to treat other forms of conductive requirements regarding cochlear implantation if
hearing loss (for example, otosclerosis or active long-term success is to be achieved. 9 i3

chronic otitis media) when more traditional In 1997, our centre published results for the first
methods of hearing rehabilitation have failed. 2 Siri- 32 children undergoing placement of BAHAs at
larly, placement of osseointegrated fixtures has the Great Ormond Street Hospital For Children.'
become one of the techniques used for prosthetic Since then, many more children have undergone
reconstruction in a number of locations in the head implantation. This paper presents the more recent
and neck region, not least the external ear. experience of BAHA implantation at our centre,

The technique relies uponthe propensityof titanium which has a purely paediatric caseload.
to become firmly bonded to bone, as well as its resist-
ance to corrosion and non-toxicity.3 The presence of
a stable cutaneous-implant interface is also important. Materials and methods
In particular, a thin, firmly attached, hair-free skin Local ethical committee approval was obtained prior
border around the implant is vital for success.' to commencement of this study.

From the Great Ormond Street Hospital for Children NHS Trust. London. UK.
Accepted for publication: 24 July 2006.
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SURGICAL EXPERIENCE WITH BAHA IN CHILDREN 827

All children who had undergone BAHA fitting TABLE I

between December 1990 and August 2002 were CLASSIFICATION or SKIN REACTION

identified from the databases of the departments of Score Description
otolaryngology and audiology. This included those

who had been involved in the previous study. 0 No irritation
The case notes for each child were reviewed. The I Slight redness

following background information was recorded: 2 Red and moist tissue, no granulation tissue
J 3 Red and moist tissue with granulation tissue

date of birth, sex, indications for BAHA, associated 4 Revision of skin penetration neessary
medical conditions, associated craniofacial abnorm-
alities, previous hearing aid use and requirement Reproduced with permission.
for auricular reconstruction. The following infor-
mation regarding surgical technique was recorded:
side, dates at which each stage was performed, ears implanted. Figure 1 illustrates the age distri-

grade of surgeon, type of skin graft, number bution of children undergoing primary implantation.
of holes drilled, number of fixtures inserted, length The mean age at primary implantation had been
of screw, dural exposure and abutment type. The 8.7 years (standard deviation (SD) 3.7 years) with a

following audiological data were recorded: type of range of 3.6-17.2 years. The mean age at secondary
aid fitted, and pre- and post-operative bone- and implantation had been 12.1 years (SD 3.0 years).
air-conduction bearing thresholds at 0.5, 1, 2 and The mean follow-up duration had been 4.5 years
4 kHz. The duration of follow up was also recorded (SD 3.4 years). Seventy-nine per cent of stage one

together with any relevant complications. and stage two procedures had been performed by
Subsequently, eachchild was mailed three validated the senior authors (DMA and CMB), 19 per cent

questionnaires examining quality of life (QoL) issues of stage one and stage two procedures had been per-
following implantation. These were: the Glasgow formed by senior trainees, and in 2 per cent of cases
children's benefit inventory (a general post-operative the operating surgeon had not been documented.
QoL instrument); the Glasgow hearing aid difference The indications for implantation are shown in
profile (which measures the change between two Table 11. Sixty-one children had had microtia. The
different types of hearing aid in terms of: hearing diffi- majority of these children had had an associated
culty in certain situations, proportion of time that the craniofacial abnormality, the most common being
hearing aids are used, benefit gained from the new Treacher Collins syndrome (mandibulofacial dysos-
aid compared with the old, and level of satisfaction tosis). Nine of these children had undergone
with the new aid compared with the old); and the attempted middle-ear reconstruction prior to receiv-
Nijmegen BAHA QoL instrument (which measures ing their implant. Four of these had suffered
BAHA-specific QoL issues such as effectiveness of on-going, active chronic otitis media. A further
aiding, sound quality, visibility and ease of use). eight children had suffered primary, active chronic
Each child (or parent) was asked to return the ques- otitis media.
tionnaires to the Great Ormond Street Hospital for Fifty-two and 17 ears had had 3 mm and 4 mm
Children, together with a signed consent form, in a fixtures inserted, respectively. The length of the
stamped addressed envelope. screw had not been recorded for 11 ears. Five ears

The surgical methods used for implantation have had had a 3 mm and a 4 mm fixture implanted. In
been described elsewhere.' Each child had under- 55 per cent of cases, dura had been exposed at the
gone a two stage procedure. The first stage had base of the drill hole.. After 1995, each child had
involved insertion of the flange fixture screw. The undergone insertion of an additional 'sleeper'
second stage, several months later, had involved fixture during the primary procedure. The mean
application of a skin graft and insertion of the abut- interval between the first and second stages had
ment (which attaches to the screw and allows attach- been 6.8 months (SD 14.1 months). Figure 2
ment of an appropriate hearing aid). Entific Medical
Systems (Cochlear, Weybridge, UK; previously
Nobelpharma Auditory System) hearing aids had
been used in all cases. Children had been reviewed 12
at three weeks, three months, six months and every 10
six months thereafter. At follow up, skin reaction
around the abutment had been recorded according a 8

to Holgers' classification (Table 1).mo . 6
Statistical analysis was carried out when appropri- U

ate. The Student t-test was used for quantitative data.
The chi-square test was used for categorical data. 2

Results 4 5 6 7 8 9 to i 12 13 14 15 16 17

During the study period, 41 boys and 30 girls had Ageyears)

undergone primary implantation. Fourteen children FIG. I
had also had the opposite ear implanted (secondary Distribution of age at primary bone-anchored hearing aid
implantation) at some point, making a total of 85 implantation.
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TABLE 11 with 57 per cent of those who had not lost their
NDTcAtosS FOR BAHA NSERrTON fixture. This difference was not statistically significant

(p < 0.1). Fixture loss had occurred within one year
Diagnosis Patients (n) of implantation in 65 per cent of cases. Delayed
Micronia fixture loss had predominantly resulted from
Treacher Collins 24 trauma. There was no significant difference in
Isolated bilateral atrcsia 22 fixture loss rates between children with 3 mm
Cleft lip and palate 4
Goldenhars 4 implants and those with 4 mm implants (p <0.5).
Pfeiffers 3 Thirty-seven per cent of children had suffered a skin
Cloverleaf skull I inflammation scoring two or more at some point during
Downs I the follow-up period, but 91 percent of these had settled
Nager I
lNqg I by the next appointment. There was no significant

Active chronic otitis media difference in skin reaction between the different types
Non-syndromic 2 of skin graft used. However, those children who had
Klippel Fiel 1 had split skin grafts taken from the fixture site were
Treacher Collins I less likely to develop hypertrophy of the graft than
Branchio-oto-renal 1 those who had had full thickness Wolfe grafts or split
Russel-Silver I
Downs I skin grafts taken from other areas (i1 vs 36 per cent,
Sticklers I respectively; p < 0.01). For both groups, 80 per cent
Other of the children who had developed thickening of the
Recurrent otizis externa I skin graft required revision surgery.
Ossicular chain fixation I Of those children who had undergone contralateral
Total 71 BAHA insertion after the initial implant: five had
BAHA = bone-anchored hearing aid been due to the initial BAHA being in an inappropri-

ate position to allow auricular reconstruction or
bone-anchored auricular prosthesis placement; two

illustrates the types of skin graft used. In latter years, had experienced failed osseointegration on the initial
the graft had invariably been obtained by raising a side; three had developed chronic infection around
split skin graft from the skin overlying the fixture site. the abutment; two had developed skin and bony over-

Table III lists the complications and outcomes growth around the abutment; and one had developed
experienced. Fifty-four per cent of children had not bony overgrowth alone. In one child, the reason for
developed any complications. Forty-two per cent of contralateral implantation was not documented.
children had required revision surgery at some Three children had subsequently stopped wearing
point (25 per cent had required a single revision). their BAHA. The first child had developed a pro-

Twenty children had experienced fixture loss gressive sensorineural hearing loss which became
(22 episodes in total). Nine children in this group unaidable with a BAHA. The second child played
had been syndromic, compared with 11 who were sport frequently and had found the BAHA a hin-
non-syndromic. The mean age at implantation in drance; he had also undergone two stage two revi-
those children experiencing fixture loss had been sions because of skin overgrowth. The third child
7.8 years (SD 4.0 years), compared with a mean age had been accepted into the programme in its early
of 9.6 years (SD 3.5 years) in those who had not stages, but, after implantation, he temporarily went
lost fixtures (p = 0.05). Boys made up 70 per cent back to his air conduction aids and realized that he
of those patients experiencing fixture loss, compared heard better with them. A single child had under-

gone implantation but never used an aid because of
failed osseointegration.

Wolfe (sur.lav.klar The children's mean aided thresholds had beenfom) 33 dBA before and after implantation. This is
Wolfe an) higher than one would expect for a population with

Wolfe (poevauscular Wolfoau,nn ihr hnoe ol xpc o appltinwt
par wpredominantly conductive hearing loss. The reasons

Uknown. for this are twofold. Firstly, normal or near normal
aided thresholds had been recorded as

wolfe (overrix.) 'threshold < 30 dBA', and these were taken as
30 dBA for this calculation in the majority of notes.
Secondly, there had been a number of patients with
a mixed hearing loss.

Split skiltneck) The number of QoL questionnaires returned was
extremely low. Thirteen Glasgow children's benefit

Splitskin (thigh) inventory questionnaires and 12 Glasgow hearing
Splitskintpperasn aid difference profile questionnaires were returned.

spisskingovalxamv) Eleven Nijmegen BAHA QoL questionnaires were
returned. This represented a response rate of

Flu. 2 16.9 per cent.
Types of graft used for stage 11 bone-anchored hearing aid With regard to the Glasgow hearing aid difference

implantation. profile, nine children had noticed a reduction in

Pe 33 1
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TABLE III
COMPLICATIONS OF BAHA 1MPLANTATION

Loose Loss of Loss of Bony Skin Hair
abutment abutment fixture overgrowth overgrowth growth

n 25 15 22 12 2 2
Mean onset (months) 22.6 11.3 25.5 62.5 45.1 22.0
Median onset (months) 12.0 10.0 6.0 56.5 35.0 1
Range of onset (months) 2-99 2-27 2-62 4-96 2-104 1-38
SD (months) 25.9 9.2 31.9 40.9 37.9 26.2
Reason
Unknown 1 0 5 NA NA NA
None 19 I 3 NA NA NA
Trauma 2 8 5 NA NA NA
Infection 3 6 3 NA NA NA
Failed 01 NA NA 6 NA NA NA
Outcome
Abutment tightened 25 NA NA NA NA NA
Revision stage II 0 15 NA 6 13 2
BAHA resited NA 0 13 0 1 0
BAHA opposite car NA 0 3 4 3 0
Awaiting revision 0 0 5 1 3 0
No intervention 0 0 I 1 2 0

'n = 85. SD = standard deviation; Of = osscointegration; NA = not applicable; BAHA = bonc-anchored hearing aid

hearing difficulty, comparing their BAHA with a per cent had experienced no difficulties during the
bone conduction hearing aid (significant at the 0.01 post-implantation follow-up period. The vast
level). There had also been an increase in the majority of those who had developed complications
amount of time the BAHA was used, compared required revision surgery at some point.
with the bone conduction hearing aid (significant at Twenty-eight per cent of children required
the 0.01 level). Nine of the children wore their re-implantation because of fixture loss. This figure
BAHA all the time, compared with.six children who is higher than that reported by most other published
wore their bone conduction hearing aid constantly. paediatric series (Table IV), despite the staged inser-
The other three children used their BAHA more tion process.m1-1" A number of series included
than three-quarters of the time. Two children who children who had both BAHA and bone-anchored
had worn their bone conduction hearing aid less auricular prostheses. and it was not possible to separ-
than a quarter of the time went on to wear their ate the data for these two groups in some. However,
BAHA constantly. Ten of the children reported an in those series in which the BAHA data were pre-
overall benefit from the BAHA compared with the sented separately, the overall trend was towards a
bone conduction hearing aid. Similarly, 10 children lower fixture loss rate in the bone-anchored auricular
reported that they were more satisfied with the prosthesis patients compared with the BAHA
BAHA than with the bone conduction hearing aid. patients. The overall fixture loss rates were therefore

Of the 10 children returning the Nijmegan ques- skewed. Once this was taken into account, a number
tionnaire, almost all reported that their BAHA was of series had results that were broadlysimilar to those
more effective in quiet and noisy environments of the present series.
than their bone conduction hearing aid. The The lower fixture loss rates in the bone-anchored
BAHAs also provided better sound quality, were auricular prosthesis population may be because
less visible and were easier to handle than bone con- these devices are not subject to the severe vibratory
duction hearing aids. The improvement in sound loading that the BAHA fixtures are subject to.
quality was regarded as the most important benefit.
Four children with chronically discharging ears
noticed an improvement in the amount of discharge. TABLE IV
Only four of the children regarded cleaning the COMPARISON OF RAHA FIXURE LOSS IN PUBLISHED VAEnIATRIe
BAHA abutment site as a burden. PoPULAIONS

Regarding the Glasgow children's benefit inven-
tory, almost none of the children reported a worsen- Author Year Fixture Population

ing of QoL following BAHA insertion. Many of loss (%) (n)

the children reported that their QoL was much Jacobsson e al.'5  1992 6 16
better following BAHA insertion. This was particu- Stevenson ei al 1993 29 7
larly true for the following domains: overall QoL, Papsin ei al. 1997 15 32

Bejar-Solar et al." 2000 9 11
progress and development, and learning. Tictze & Papsin 2  20011 5 19

Granstrom et alI 2001 10* 100
Discussion Zcitoun et al." 2002 20 31

The majority of children in this series had undergone *Bone-anchored hearing aids (BAHAs) and bone-anchored
successful insertion of their BAHA. Fifty-four auricular prostheses; no specific BAHA figures.
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Fixture loss did not appear to be related to syndromic The hearing thresholds obtained with the BAHA
status or to the sex of the child. However, the age of were not significantly different to those obtained
the child at primary implantation was important. with a bone conduction hearing aid. but this may
with those implanted at a younger age being more reflect the method of documentation used in our
likely to lose their implant than older children. department. However, the literature has shown a

The age distribution of the present study popu- 10-20 dB additional benefit with BAHAs compared
lation was similar to that of other published paedia- with bone conduction hearing aids.5 ,20 In addition,
tric BAHA populations.'o t" However, a number there is strong evidence that the hearing threshold
of units implant children as young as two years. itself is only one of several aspects important in
This department does not implant children younger hearing rehabilitation. For example, improved
than four years of age because of the increased risk sound quality, comfort, ease of use and aesthetics
of fixture loss in younger children. are all proven benefits of BAHAs compared with

In contrast with other series, the length of the bone conduction hearing aids.7" They also have an
fixture screw did not appear to affect the rate of impact on overall quality of life.2'
fixture loss." However, shallow cortical bone thick- The broader benefits of BAHAs over more tra-
ness has previously been shown to result in a higher ditional aids, particularly quality of life issues, were
probability of fixture loss. In this population, the addressed by this study, although the poor response
high proportion of patients with exposed dura at rate to the questionnaires makes it difficult to draw
the base of the drill hole reflected the high number useful conclusions regarding these issues. However,
of children with thin cortical bone. This may have for those children returning questionnaires, it is
contributed to the high rate of fixture loss. Occasion- clear that BAHAs have significant hearing benefits
ally, a child may have undergone prior computerized over bone conduction hearing aids. Bone-anchored
tomography of the skull, and, in these cases, the hearing aids not only produced more effective ampli-
imaging can be used to assess cortical bone thickness. fication but also improved speech recognition, sound
However, bone thickness measured by this technique quality and ease of use.
is a poor reflection of actual bone thickness encoun-
tered intra-operatively. A bone augmentation tech-
nique has been described by Granstrdm and a Thispaper-presents the results of a
Tjellstrdm. 8  In this procedure, an Expanded- retrospective review of children undergoing
polytetrafluoroethylene (e-PTFE) membrane is placed implantation with bone-anchored hearing aids
under the flange of the fixture in order to stimulate at the Great Ormond Street Hospital for
bone growth. Children

All but one of the children whose fixtures had * Outcome measures included hearingfailed to osseointegrate had had stage one of their thresholds; incidence of fixture loss, skin
surgery performed by the senior authors. reaction and need for revision

This study did not examine the behavioural aspects
of the population, but these may play a significant * Young age at implantationwas associated with
role in fixture survival. an adverse outcome. Trauma and failure of

Further research to produce more robust aids and osseointegration were the commoinest reasons
implants may reduce the number of fixtures lost due for failure
to trauma. In this series, this was a significant cause of * Bone-anchored hearing aids provide
delayed fixture loss. significant benefits,.compared with other types

The high rate of fixture loss in this population of hearing aid, both audiologically and in
highlights the importance of inserting a reserve terms of quality of life. Careful selectioi of
('sleeper') fixture during the first stage of BAHA candidates and meticulous follow up are
insertion. required to minimize complications

It should be noted that some series in the literature
do not show any benefit from staged implantation. 7

In view of this, and in view of the lower failure rate in Importantly. respondents universally preferred the
the older age group, there is an argument for single- BAHA to the bone conduction hearing aid, and this.
stage implantation in older children who would was reflected itl an increase in the amount of time the
accept a 4 mn fixture. children wore their BAHA. Some useful suggestions

The rates of peri-abutment skin reactions seen in were made by respondents, including production of a
this series compare favourably with those in other waterproof version of the BAHA and of a smaller,
published series.' 0-16 The development of such a slimmer aid which would be less prone to knocks.
reaction does not appear to be related to the type Further prospective data collection would be useful
of graft used. However, children who had split skin in the assessment of these issues. Despite the poor
grafts from the fixture site, as described by Woolford questionnaire response rate, it was clear from the
et al.," showed a lower propensity for skin hyper- follow-up data that almost all respondents continued
trophy compared with children who had other graft to use their aids even following revision surgery,
types. This may relate to difficulties in the thinning and this is undoubtedly a reflection of the benefits
or depilation of Wolfe grafts. Local split skin grafts obtained from BAHAs.
also have the clear advantage of no donor site Bone-anchored hearing aid surgery clearly
morbidity. benefits children with certain types of conductive
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hearing loss, but careful patient selection is vital. as is 9 Papsin BC. Sirimanna TKS, Albert DM, Bailey CM. Surgi-
the age at which implantation is performed. Simi- cal experience with bone-anchored hearing aids in chil-

lari. rcentmodficaion tothe ur~al tchnque dren. Laryngescope 1997:107:801-6
r recent modifications to the surgical technique Holgers KM. Characristics of the inflammatory process

and to the implants themselves have led to better out- around skin-penetrating titanium implants for aural rehabi-
comes and greater case of use. In particular. the use litation. Audiology 2000:39(5):253-9
of split skin grafts from the fixture site and the change 11 B6jar-Solar 1. Roscte M. Madrazo MI. Baltierra C. Percuta-
from the bayonet to the snap coupling abutment have neous bone-anchored hearing aids at a pediatric institution.

Ocolaryngo! Recad Neck Sarg 21)00:122:887-91
been particularly beneficial. However, regular and 12 Tietze L. Papsin B. Utilization of bone-anchored hearing
on-going care of BAHAs is of the utmost import- aids in children. ih J Pediatr OtorhinolarYngol 2001:58:
ance. not only by hospital staff but by the children 75-80
and their parents. Similarly, rigorous follow up of 13 Granstrdm G. Bergstrom K. Odcrsjo M. Tjcllstrom A.

Osscointegrated impiants in children: experience from
patients is paramount to enable early identification Ooi gr1atints ing hen: Nece romour first 100 patients. Otolaryngol Head Neck Surg 2001I:
and correction of problems. 125:85-92

14 Zeitoun H. De R, Thompson SD. Proops DW. Osseointe-
grated implants in the management of childhood ear

Conclusions abnormalities: with particular emphasis on complications.

Bone-anchored hearing aids are a safe and effective J Laryngot Otol 2002;116:87-91

way of rehabilitating hearing for patients who are 15 Jacobsson M. Albrekrtsson T, Tjellstrhm A. Tissue inte-
way grated implants in children. het] Pedjair Otorhinolarynel

unable to use traditional hearing aids. However, 1992:24:235-43
implantation in the paediatric population requires 16 Stevenson DS, Proops DW, Wake MJ, Deadman MJ,
careful consideration if results are to be optimized. Worrollo SJ. Hobson JA. Osscointegrated implants in the

management of childhood car abnormalities: the initial
Birmingham experience. J Laryngol Otol 1993:107:502-9
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The bone-anchored hearing aid in children: A surgical and
questionnaire follow-up study
CLAUDIA PRIWIN, MD, and GOSTA GRANSTR6M, PHD, Gothenburg and Stockholm, Sweden

OBJECTIVES: The main objectives were to evaluate now been in use in both adults and children for more
the surgical techniques and problems seen in chil- than 26 years. According to the manufacturer's infor-
dren with bone-anchored hearing aids (BAHA) as mation, more than 15,000 patients worldwide are fitted
well as to determine the children's attitudes toward with unilateral BAHA today, most of these adult pa-
BAHA. tients. BAHA is used in adults with chronic suppurative
STUDY DESIGN: A retrospective study of 41 children middle ear infections or recurrent infections in the
with unilateral BAHA was conducted. Surgical re- external auditory meatus, which enable them to use
cordings were investigated and a questionnaire conventional air conduction aids placed altogether or
was distributed. partly in the ear canal. In children, however, the most
RESULTS: Surgery was performed as a 2-stage pro- common reason for receiving a BAHA is congenital ear
cedure. Available bone thickness was measured in malformations in which the BAHA replaces a conven-
29 patients and found to be on average 2.5 mm. tional bone conductor (CBC).
Thin temporal bone necessitated bone augmenta- Congenital malformation of the ear with impaired
tion in 8 patients. Of the implants, 70.5% were in- hearing early in life can cause problems later in life
stalled in contact with the dura or the sigmoid sinus. with social integration due to impaired ability to learn
Implant failures were seen in 9.1% and adverse skin speech and language. This in turn greatly influences the
reactions appeared in 7.6% of the patients. Twenty- individual in his or her choice of education and work in
seven patients responded to the questionnaire, 19 the future. Surgical reconstruction of the congenital
were still BAHA users. Overall, these patients were malformation of the car is difficult and the results are
very content with their BAHAs. often poor.2-5 Before deciding on reconstructive middle
CONCLUSION: BAHA is a good alternative in chil- ear surgery, the child is thus supplied with a bone
dren despite limited thickness of the temporal conductor. The CBC works by pressing a steel band
bone. (Otolaryngol Head Neck Surg 2005:132: with the hearing device to the temporal bone. The use
559-565.) of CBCs has some important disadvantages such as

discomfort due to the high pressure needed to maintain
I contact between the conductor and the mastoid, poorEn 1977, a new technique to establish bone-anchored

hearing aids (BAHAs) by use of osseointegrated i m- sound quality, and esthetic disadvantages in wearing a
plants was developed in Gothenburg, Sweden.' The highly visible aid that is usually headband-mounted.

aim was to improve the rehabilitation of patients with During the years 1978-1999,41 children were fitted
conductive type of hearing loss. This technique has with BAH-A in Gothenburg. The objective of this study

was to achieve more specific information about what
problems there are in a population of younger patients.

From the Department of Otorhinolaryngology, Head and Neck Surgery, This group is known to have a soft and immature bone,
Goteborg University, Gothenburg (D Priwin and Granstrim), and appositional growth of the temporal bone, skin over-
Department of Otorhinolaryngology, Head and Neck Surgery, Karolinska
Institute, Stockholm (Dr Priwin). Sweden. growth of the abutments, and cleaning problems in

This study was supported by grants from the Swedish Medical Research adolescence. A closer follow-up and control of this
Council, project No B93-17X-10397-OIA. the Magnus Bergvall Founda- patient population is especially important with respect
tion, First of May Flower Annual campaign. The Sven Jerring Foundation, to the long-term results. Another aspect of this study
the Samariten Foundation, the Sahigrenska Hospital foundation for Deaf. was to determine the children's attitude toward the
ness Research and by the Abl~n Foundation..nessResarchandby te shl~nFoudatin.BAH-A and to decide to what extent they use the device

None of the authors have financial interest in the BAHA manufacturing toda
company. today.

Presented at the Annual Meeting of the American Academy of Otolaryngolo-
gy-Head and Neck Surgery, Denver, CO, September 9-12. 2001. MATERIALS AND METHODS

Reprint requests: Dr Claudia Priwin, ENT-clinic, Karolinska University Hospital. Surgical Recordings
Solnar, SE-171 76 Stockholm, Sweden: e-mail, claudilapnin@kharolnskaAse.

0194-5998/$30.o0 All children (aged 16 years or younger) who had
Copyright @ 2005 by the American Academy of Otolaryngology-Head and osseointegrated implants inserted for rehabilitation

Neck Surgery Foundation, Inc. with a BAHA between 1978 and 1999 were retrospec-
doi: 10.1016/j.orohns.2004.09.048 tively evaluated regarding implant surgery. Age at sur-
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560 PRIWIN and GRANSTROM April 2005

gery, age at follow-up, gender. type of malformation. Table 1. The questionndire. All subjects who
and syndromic belonging were investigated. Indica- participated in the study were Swedish citizens.
tions for insertion of osseointegrated implants, number The questions were sent out in the Swedish
of inserted implants, number of surgical procedures, language. The interpretations of the questions are
hone thickness, and specific surgical problems at the presented here.
site of implantation were studied. The surgical proce- 1. What type of BAHA are you using today?
dure was generally performed in 2 steps. as described 2. Did vou use a conventional air conduction hearing aid before?

by Tjellstrdm," and involved gentle handling of the soft 3. Did you use a conventional bone conduction hearinz aid before?

tissue and bone. At the first-stage operation. the skin 4. Do you use any other hearing devices?
. 5. For how- long have you had your titanium implant?

over the implant site was incised, continuing through 6. How lng have yubd ou titau ia?6, How many different kinds of BAHA have you tried?
the subcutaneous tissue and periosteum. A hole was 7. Flow many days per week do you use your BAHA?
drilled in the temporal line, 55 mm behind and 30 mm s. How many hours per day do you use your BAHA?
above the external ear canal under profuse irrigation 9. flow often do you change the batteries?

with saline solution. Into this hole, a 3.75-mm diameter 10. Try to describe your feelings about the BAHA concept on a
tenth grade scale I is very content and 10 is very discontent.

threaded flange fixture of 3 or 4 mm length (SEC 001, 11. How would you one your BAHA in following situations. scored
SEC 002; Entific Medical Co., Gothenburg, Sweden) in following way: very satisfactory, quite satisfactory,
was inserted. The bone thickness was measured perop- passable, not very satisfactory, and very unsatisfactory.

eratively in 29 of the included patients with a millime- A. Listen to a teacher in quiet surroundings

ter-graded dental probe. In children with limited bone B. During conversation with one or many persons in quiet
h surroundingsthickness, bone augmentation was undertaken withc. Listen to tecer in noisy surroundings

panded, polytetrafluoroethylene membranes (standard D. During conversation with one or many persons in noisy
e-PTFE membranes; OV4, OV6, Gore & Associates surroundings
AB WL, Mdlndal, Sweden) as described earlier.7 The E. Listen to music

soft tissue was thereafter sutured and the implant was F. Listen to the Twradio

allowed to integrate in the bone for a period of 3to 4 G. Phoning
12. Has your language changed after you got your BAHA?

months. At the second-stage operation, standard tita- 13. Does it trouble you to have an implant through your skin?
nium abutments for the BAHA (SHCB 179; Entific 14. Have you had skin infection by the implant site?

Medical Co.) were adapted on the fixtures and the skin 15. Have you needed surgery because of skin infection?

penetration prepared as described earlier.6 Two to 3 16. Have you been treated in any other way because of skin
infection?

weeks after the second operation, the patients were 17. Is cleaning hard?
fitted with the hearing aid (HC 200, 300 or 360, Entific IS. How often do you clean around the implant site?
Medical Co.). The patients were seen in the outpatient 19. Has the osseointegration ever failed?
clinic at follow-up periods at 3- to 6-month intervals, 20. Have you needed another titanium implant installed?

stability of the implants was checked and the skin 21. [las the abutment ever loosened'
. . 22. Are you able to replace the plastic parn yourself?penetration site cleaned and adjusted. Skin reactions 2.Aeyt bet elc h lsa a oref

23. Do you feel that you have had the contact that you think
around the implants were classilied according to the necessary with your treating doctor?
clinical scoring system of Holgers et al,' where 0 = no 24. Do you get the service you need for your device?

irritation, I = slight redness, 2 = red and moist, 3 = as BAHA. bone-anchored hearing aid.

in 2 but also granulation tissue formed, and 4 = skin
irritation of such a degree that the abutment has to be
removed.

hearing devices, e.g., alarm clocks. They also evaluated
Questionnaire Study the function and sound quality of the BAHA in differ-

Of the 41 children supplied with a BAHA, 31 could ent situations. Questions about skin infections and

be traced for a follow-up questionnaire. The question- problems with osseointegration of the titanium implant
naire was answered by the children themselves, if they and with the abutment were asked. The patients also

were old enough (>8 years); otherwise, they were answered if they are content with the availability of the

helped by their parents to answer the questions. The doctor if needed and the possibility of service of the

questionnaire consisted of 24 questions to evaluate the BAHA if broken. They were encouraged to comment

children's opinion and usage of the BAHA (Table 1). on failures in the rehabilitation and suggest improve-

The children were asked what types of BAHA they ments.

have been wearing and what kind of BAHA they used
at the time of the questionnaire and to what extent. The Statistics

children were asked about the use of other types of The Fisher's exact test has been used in this study.

Ll
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RESULTS follow-up visits under a 2 1-year period of time. 92.4%

There were 41 patients included in the study of of 539 observations were completely reaction free

which 25 were boys and 16 were girls. The most (grade 0). Adverse reactions were seen in 41 instances.

common reason to supply the children with unilateral of which 4.0% were of grade 1, 1.8% were of grade 2.
BAHA was different types of bilateral malformation of and 1.6% were of grade 3. The incidence of adverse

the ear, often as a part of a syndrome. Five patients had reactions was distributed evenly over the follow-up
malformation of the ear combined with other malfor- period.

mations such as malformation of the heart, oesophagus Revision surgery was undertaken in seven patients

atresia, syndactylia, renal aplasia, and anal atresia. Of (17.1%). The reason for revision was a shorter distance

the patients, 38 had bilateral ear symptoms, and 3 between the skin surface and the abutment. Subcutane-

patients had unilateral symptoms. Age of the patients at ous tissue reductions were undertaken, and excess bone

the time of surgery was on average 8.4 ± 4.6 years growing on the implant and abutment was reduced. No

(mean ± SD). Age at follow-up varied from 2 to 37 revisions were necessary in children earlier than two

years, mean 14.8 ± 8.3 years (mean ± SD). Two years after implant installation.

patients were supplied with bilateral BAHAs, whereas Questionnaire Study
the other patients had unilateral BAHA. Eight patients
had the combination of BAHA and bilateral bone an- The questionnaire was distributed by mail to 31

chored episthesis (BAE), and I patient had BAHA and patients out of 41. Ten patients were excluded from the

unilateral BAE. The right side of the skull was gener- questionnaire study, 4 of whom did not speak Swedish

ally chosen for BAHA installation (n - 26), whereas as their natural language and 6 of whom had an un-

13 had the BAHA installed on the left side. Further known address. Of the 31 included patients, there was

details of the patients are shown in Table 2. a total of 27 responders (87%) to the questionnaire. Of
the responders, 23 replied by mail and 4 were inter-
viewed on the telephone. Of the responders, 15 were
male and 12 were female. The responders ages varied

A total of 44 implants were inserted. All implants between 2 and 37 years of age at the time of the
were of the Brinemark type, of which 20 were 3 mm evaluation and the younger (<8 years) patients had
long, 20 were 4 mm long, and 4 had an unknown help by their parents to answer the questionnaire.
length. All implants were inserted in the parietal or Eight of the respondents did not use the BAHA at
temporal bone. In 29 patients, the bone thickness was the time of the questionnaire survey. In 4 of these
measured during surgery and was found to vary from I patients, the reasons for not using BAHA were related
to 4 mm, mean 2.5 ± 0.8 mm (mean + SD: Fig 1). In to implant failures. One of the patients had reconstruc-
24 of the 44 drilled holes (54.5%), the implants were in tive surgery done, thus the patient is no longer in need
contact with the dura and in 7 of 44 (16%) the implants of a hearing aid. One child was supplied with a BAHA
were in contact with the sigmoid sinus. In no case was for relapsing external car canal infection. The disease
the dura or the sinus injured during surgery. 39 of the has now healed and the child wears a conventional air
operations were performed as a two-stage procedure. conductive device. One child was not yet fitted with the
The time from first- to second-stage surgery varied BAHA at the time of the study but is osseointegrated
from 3 to 13 months, with a mean of 4.9 ± 2.0 months for fitting later, and, finally. I child complained of
(mean ± SD). Three operations were performed as a acoustic feedback from the BAHA. The remaining 19
1-stage procedure. Eight patients had bone augmenta- respondents use their BAHAs regularly. Of these, 18
tion because of limited bone thickness at first stage use their BAHA daily and I patient uses it 5 to 6 days
(<2.5-mm bone). At the second-stage surgery, avail- per week. Most of the children use their aid 8 to 15
able bone had increased by 1.2 ± 0.3 mm (mean ± hours daily (12 patients), 6 patients use it more than 15
SD). Unilateral BAHA wearers received I standard hours daily, and I patient uses it 4 to 8 hours daily.
abutment. During the observation time of 21 years, 4 Battery consumption varies greatly. and the patients
implants were lost (9.1%). These were lost after 3 change batteries from once a week to once every 2
weeks (1), 1 year (2), and 2 years (1). and none were months.
lost later. All the lost implants were 3 mm long. The Of the children using BAHA, 15 had used a con-
bone thickness was only measured peroperatively in I ventional bone conduction hearing aid before and 2 had
of the patients who lost his implant and found to be 3 been wearing a conventional air conduction hearing
mm. None of the patients with lost implants had un- aid. One patient had been wearing an air as well as a
dergone bone augmentation due to limited bone thick- bone conduction hearing aid before and I patient did
ness. Skin reactions were documented at the patient's not answer the question. On the whole, the children

L l
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Table 2. Data on the included patients

Age
No. Sex (y) Diagnosis Type of malformation Syndrome

I F 1.5 COM
2 M 5 EM Microuia + ear canal atresia Treacher Collins

3 M 3 EM Microtia + car canal stenosis Otorenal syndrome
4 F 2 EM MicroLia ± ear canal atresia

5 M 2 EM Ear canal stenosis

6 M 5 CON!
7 M 13 EM Microria + ear canal atresia Teacher Collins
B F 13 EM Microia + car canal arresia Treacher Collins
9 F 4 EM Ear canal uresia

10 M 15 EO
I1 F 4 EN Microtia + ear canal atresia Treacher Collins

12 N II EM Microtia + ear canal atesia Hernifacial microsomi.
esophagus + colonatresia.

renal aplasia
13 N 10 EM Ear canal atresia
14 M 6 EM Middle ear malformation Treacher Collins
15 F 1.5 EM Microtia + ear canal arresia Treacher Collins
16 F 4 EM Microtia + ear canal atresia
17 F 7 EM Microria + ear canal atresia
18 F 12 EM Microria + car canal atesia
19 M 10 EM Microtia + ear canal atresia Treacher Collins
20 F 13 EM Microtia + ear canal atresia Treacher Collins
21 N 13 EM Microtia + ear canal atresia
22 M 2 EM Microia + ear canal alrrsia Treacher Collins
23 F II EM Ear canal atresia
24 F 16 EM Microia + ear canal atresia Thalomid embrvopathy
25 F 4 EM licratia + ear canal atresia Svnductylia
26 M I I COM Hunters
27 M 6 EM Microtia + ear canal alresia Diabetes embryopathy
28 I 3 EM Ear canal atresa Crouzon
29 M 5 EM Ear canal stenosis Pficfter
30 F 7 EM Middle ear malformation
31 M 4.5 EM Ear canal atresi Crouzon
32 M 6 EM Microtia + ear canal atresia Esophagus + analatresia.

heart + renal malformation
33 M 5 EM Microtia
34 M 10 EM Microtia + ear canal atresia Treacher Collins
35 M 12 EM Microtia + car canal atecsia
36 M 9 EM I Microtia + ear canal atresia
37 F 5 COM
38 M 15 COM
39 M 3 EM Ear canal atresia Pfeiffer
40 N 15 EM Microtia + ear canal atresia Treacher Collins
41 F 7 EM Microtia + ear canal atresia Treacher Collins

F. female: M, male: Age, age at the time of operation; COMf, chronic oitis media: EO, recurrent car canal infection; EM. ear malformation.

seem very content with their BAHAs, even though they In the questionnaire there were questions included
feel that the function of the BAHA varies in different regarding complications with BAHA. The most com-
situations (Fig 2). One of the questions asked was if the mon problem was skin infection around the implant site
patients avoided using the BAHA in any situation and and that had occurred in 13 of the patients. The infec-
the most common responses were that they avoid using tion was treated surgically in 3 cases and medically in
their BALA in very noisy environments, when wearing 8 cases with different kinds of antibiotics locally or/and
a hat, or when practicing sports. especially swimming. systemically. A way to avoid infections is to clean often
Of the BAHA users, 12 patients or their parents think around the implant site and 14 of the patients clean
their language has improved, whereas 7 patients think it daily, although 5 patients think cleaning is hard. Three
is unchanged after being fitted with BAHA. of the patients also find it hard to have an implant

P 3L 
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Fig 1. The measured temporal bone thickness in 29 of the BAHA fitted children (PJ-P29). The bone thickness Increases in
general with Increased age in patients even though differences occur especially in syndromnic patients. Each patient was
measured only once with a millimeter-graded dental probe during first stage surgery for BAH-A.

2 vice, that they could not get the spare parns they needed
Ia___________________________________________ w h e n re q u ire d .

__________.-. *.ysss.* DISCUSSION
... .. m'u"'t" The first child we implanted was a 13-year-old girl

-I.. with Treacher Collins syndrome (mandibulofacial dys-
- unts'sc"lv ostosis). Before the implantation, she had undergone

anyu.a...e.o,y multiple-staged surgeries for ear canal and middle ear
A a c o a reconstruction with poor hearing results. She had worn

a CBC during childhood and was able to compare the
Fig 2. The children's opinions of the BAHA In different
listening environments. (A) Listening to a teacher in quiet sound of the CBC with the BAHA. The implantation
surroundings. (B) Conversation with one or many persons was successful. She still uses the same fixture that was
in quite surroundings. (C) Listening to a teacher in noisy implanted 25 years ago, has had I revision surgery
surroundings. (D) Conversation with one or many persons because of skin over growth, and has tested 6 different
in noisy surroundings. (E) Listening to music. (F) Listening types of BAHAs. At the age of 38, she is still a satisfied
to the TV/radio. (G) Phoning. BH sr

In earlier studies, we compared the BAHA with
reconstructive middle-car surgery as well as conven-

penetrating the skin mostly because hairs get stuck in tional types of bone-conduction hearing aids.3' It
the abutment. Another complication is loosening of the seems that persons with severe ear malformations are
abutment, which has occurred in 5 of the patients. One more difficult to reconstruct by ear canal and middle ear
patient even lost his titanium implant due to a trauma surgery. These would be mainly the syndromic patients,
and has been reoperated. which are rated 5 to 6 according to the Jahrsdoerfer

The patients also evaluated if their contact with the scale.2 Especially in these syndromic children with
center supplying the BAHA was satisfactory. Of the bilateral ear malformations, the BAHA has been proven
patients, 17 felt they had the contact they needed with to be useful.3 .5 Reports from other centers of the world
the treating doctor and 15 of the patients were also using the osseointegration concept for hearing rehabil-
pleased with the service contact if there was trouble itation are similarly positive.910

with the device. Based on the positive experience from adolescent
The patients were also encouraged to write down BAHA users,1' we have therefore gradually implanted

any other opinion they had about BAHA and what younger children, not knowing the lowest age limit for
could be changed to make it function even better. The osseointegration surgery. A careful selection procedure
most frequent comment was that it was hard wearing a has been an important tool to choose the appropriate time
hat or helmet when using a BAHA because of acoustic for implantation. Parents of children with ear malforma-
feedback. Some patients also commented on the ser- tions have met with other patients who were already
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implanted, for information, exchange of opinions and de- augmentation to be able to install an implant properly.
cision according to a protocol described.' 2 All children We have described such a bone-augmentation tech-
implanted were previously supplied with conventional nique.7 With e-PTFE membranes. appositional bone
bone conductors from early childhood, CT scanning of the can be directed to grow under the flange of the fixture.
temporal bone was performed preoperatively, and audi- The technique seems promising because it can be made
ometry and brain stem evaluation was used to evaluate the together with standard fixture and abutment placement,
cochlear function. Still, most parents needed a long time and does not change therapy planning. It is our opinion
to come to a decision regarding implant surgery, often 2-4 that BAHA can be used also in children despite a
years. Actually, those children implanted at one-year of limited bone thickness of the temporal bone.
age were all children to parents who themselves already A questionnaire was included in the study to evalu-
were BAHA-wearers: i.e. children of hereditary syn- ate the children's opinion and usage of the BAHA.
dromic patients. It is otherwise our opinion that implan- Generally the children seemed very content with the
tation in this very young age group should be restricted, BAHA and used it most of their awake time. The
and the most suitable period for BAHA implantation BAHA seemed to work better in quiet surroundings
would be at 2 to 4 years of age. Most commonly, the right than in noisy surroundings, as do most hearing aids.
side of the skull was chosen for implantation. Reasons for Most children thought it worked quite satisfactory or
choosing the left side was related to the cochlear function very satisfactory while listening to a teacher in a quiet
of the ears, lack of bone available on the right side, or the surrounding and while listening to music or the TV/
patient's preference, The surgery was mostly carried out radio. Most of the patients also thought it worked quite
as a 2-stage procedure, although in 3 cases the surgery was satisfactorily or very satisfactorily while phoning, al-
performed as a I-stage procedure. The youngest child in though 3 patients commented on that it did not work
this series who had a I-stage procedure lost his implant with cell phones. The device seemed to work less well
during follow-up. After this incident, we have not per- while listening to a teacher or speaking with one or
formed I-stage surgeries in younger patients. In 2 patients more persons in a noisy surrounding. The answers to
3-stage surgeries were performed because the amount of the questions concerning the function of the BAHA
bone at the first stage was too limited. A grafting proce- varies greatly though from satisfactory to very unsatis-
dure was then undertaken, and implant surgery was post- factory between the children. The children though do
poned. seem to favor the BAHA in comparison with the CBC.

Implant failures were relatively low at only 4 of 44
(9.1%). All of the lost implants were 3 mm long, which CONCLUSION
proposes a better survival of the longer fixtures even BAHA has the same function pattern, frequency of
though it is not significant according to Fisher's exact implant failures, and skin reactions in children as in
test (P = 0.1060). This is in accordance with implant adults. BAH-A should therefore be prescribed to chil-
failures in adults" but slightly higher with earlier re- dren with maximal conductive hearing loss and good
ports from us on children.' Even higher implant cochlear function otherwise suitable for BAHA.
failures in the pediatric population have been report-
ed,' 0 In this study, however, there were several losses
due to trauma as well. Several of our patients have had REFERENCES
traumatic incidents, but very few to such a degree that I. Tjellsrm A. Hskansson B, Lindstrn J. Analysis of the me-
the fixtures were lost. Adverse skin reactions in this chanical impedance of bone anchored hearing aids. Acta Otolar-

yngol 1980;89:85-92.
young material were also of the same magnitude as in 2. Jahrsdoerfer RA. YeakleysW. Aguilar EA.et al. Grading system
the older group." Earlier reports show a tendency that for the selection of patients with congenital aural atresia. Am J
patients with bone-anchored ear prostheses score higher Otol 1992;13:6-12.

I 3. Granstrbm G. Bergstrbm K. Tjellstr6m A. The bone-anchoredthan BAHA wearers,16 which could be explained by hearing aid and bone-anchored episthesis for congenital ear
easier cleaning properties of just using one abutment.1 malformations, Otolaryngol Head Neck Surg 1993:io9;46-53.

The thickness of the temporal bone is critical for 4. Wilkes GH, Wolfaardt JF. Osseointegrated alloplastic versus
autogenous ear reconstruction. Criteria for treatment selection.

implant integration but could be well recorded during Plast Reconstr Surg 1994;93:967-79.
implant surgery. If a 3-mm long fixture should be 5. Granstram G. Bergstrom K. Tjellstram A. Some considerations

inserted, a minimum of 2.5 mm of temporal bone would regarding the rehabilitation of patients with congenital ear mal-
formations using the osseointegration concept. In: Ponmann M.

be needed. This temporal bone thickness was the mean editor. Transplants and implants in otology, 111. Amsterdam:
of the measured temporal bones of 29 patients. In Kugler Publishing: 1996. pp 91-8.
patients younger than 4 years of age, the temporal bone 6. Tjellstrdm A. Osseointegration systems and their applications in the

head and neck. Adv Otolaryngol Head Neck Surg 1989:3:39-70.
thickness is often reduced' 4 and one must, as a surgeon. 7. Granstram 0. Tjellstram A. Guided tissue-generation in the
be aware that precautions must be taken to use bone temporal bone. Ann Otol Rhinol Laryngol 1999:108:349-54.
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8. Holgers K-M. Tjellstrm A. Bjursten L-M. et al. Soft tissue habilitation using the osseointegration concept. Clin [mpl Dent
reactions around percutaneous implants: a clinical study of soft Rel Res 1999:1:59-69.
tissue conditions around skin-penetrating titanium implants for 13. Tjellstrbm A. Granstrdm G. Long-term follow-up with the bone-
bone-anchored hearing aids. Am J Otol [988:9:56-9. . anchored hearing aid. Review of the first 100 patients between

9. Powell RH. Burrell SP. Cooper HR. et al. The Birmingham bone 1977 and 1985. ENT J [994:73:112-4.
anchored hearing aid programme: paediatric experience and re- 14. Granstrdm G. Bergstrom K. Odersjd M. et al. Osseointegration in
suits.] Laryngol Oot 19996:BAHA Suppl:21- 9 . children. Experience from our first 100 patients. Otolaryngol

10. Papsin BC. Sirimanna KS. Albert DM. et al. Surgical experience Head Neck Surg 2001:125:85-92.
with bone-anchored hearing aids in children. Laryngosocpe 15. Granstrdm G. Tjellstrim A. The bone-anchored hearing aid
1997:107:801-6. (BAHA) in children with auricular malformations. ENT 1 1997:

I1. Tjellstrm A. Jacobsson M. Norvell B. et al. Patients' attitudes to 76:238-47.
the bone-anchored hearing aid. Scand Audiol 1989:18:119-23. 16. Jacobsson M. Albrektsson T, Tjelhstriim A. Tissue-integrated

12. Granstrhm G. Jacobsson C. First and second branchial arch implants in children. Int J Ped Otorhinolaryngol 1992:24:235-
syndrome. Aspects on the embryogenesis. elucidations, and re- 43.
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510(k) Summary: Otomag Bone Conduction Hearing System
This summary of substantial equivalence information is being submitted in accordance with the
requirements set forth in 21 CFR 807.92.

Submitter: Sophono, Inc.

Establishment Registration Number: 3008514292

Contact Information:

Sophono, Inc.
3022 Sterling Circle
Boulder, Colorado 80301
Ph: 303-546-1663
Fax: 720-222-2432
Contact: Jim Kasic
Email: Jim.Kasic@sohpono.com

Date Prepared: July 27, 2010

Name of Device: Otomag Bone Conduction Hearing System

Common Name: Bone Conduction Hearing System

Classification Name: Hearing Aid

Device Classification:

* Classification: 11

* Classification Panel: Ear, Nose and Throat

* Regulation Number: 874.3300

* Product Code: LXB

Predicate Device:

Otomag Bone Conduction Hearing System, Unmodified Version - K100193

Xomed Audiant Bone Conductor - K855059 / K861971

Device Description:

The Otomag Bone Conduction Hearing System is a family of sound processors and accessories
that operate on the principle of bone conduction of sound vibrations. The Otomag System consists
of two distinct configurations; Alpha 1 (S) and Alpha 1 (M). This 510(k) is being submitted to add
the Alpha 1 (M) configuration to the existing product family.

In the Otomag Alpha 1 (S), the Otomag Sound Processor is attached magnetically to a headband or
softband. The headband or softband holds the sound processor against the head and vibration is
transduced through direct contact with the patient's skin and the bone below.

In the Otomag Alpha 1 (M), the Otomag Sound Processor is attached magnetically to an implanted
magnet assembly. The magnetic field holds the sound processor against the head and vibration is
transduced through direct contact with the patient's skin and the bone below.
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The magnetic implant of the system is provided clean and non-pyrogenic, but is not sterile. The
implant is intended to be sterilized via steam sterilization at the healthcare facility immediately prior
to implementation.

The Otomag System is designed for use for those patients with conductive hearing loss, those
patients who have sensorineural hearing loss up to 45 dB in combination with their conductive loss,
and single sided deafness as defined in the indications for use. The prescriptive formula and
adjustments available to the audiologist in the software allow for programming the Otomag System
for individual patient hearing loss.

Technological Characteristics:

The technological characteristics of the version of the Otomag Bone Conduction Hearing System
are equivalent to those of the predicate device. Items that are identical between the modified
version and the predicate are:

* Overall Device Performance

* Fundamental Technology (bone conduction)

* Software

Technological characteristics that are different between the modified device and the predicate are
as follows:

* Patient contact materials: Addition of a titanium cased magnetic implant for attachment.
* Method of Sound Processor Attachment: Addition of a titanium cased magnetic implant for

attachment.

Through non-clinical performance testing and evaluation, the identified technological differences do
not raise new questions of safety and effectiveness.

Device Indications For Use:

The Otomag Alpha 1 Sound Processor is intended for use with the Otomag Headband or Otomag
Softband (no age limitations), or with the Otomag Magnetic Implant (patients 5 years of age and up)
for the following patients and indications:

* Patients with conductive or mixed hearing losses, who can still benefit from amplification of
sound. The pure tone average (PTA) bone conduction (BC) threshold for the indicated ear
should be better than 45 dB HL (measured at 0.5, 1, 2, and 3 kHz).

* Bilateral fitting is applicable for most patients having a symmetrically conductive or mixed
hearing loss. The difference between the left and right sides' BC thresholds should be
less than 10dB on average measured at 0.5, 1, 2, and 4 kHz, or less than 15 dB at
individual frequencies.

* Patients who have a profound sensorineural hearing loss in one ear and normal hearing in
the opposite ear, who for some reason will not or cannot use an AC CROS. The pure tone
average (PTA) air conduction (AC) threshold of the hearing ear should be better than 20
dB HL (measured at 0.5, 1, 2 and 3 kHz).

Contraindications

Any factor that would cause a clinician to refer the patient for medical assessment will temporarily,
or in some cases permanently, halt the process of hearing aid fitting. These factors include:

* A hearing loss of sudden onset;
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* A rapidly progressing hearing loss;

* Pain in either ear;

* Tinnitus of sudden recent onset, or unilateral tinnitus;

* Unilateral or markedly asymmetrical hearing loss of unknown origin;

* Vertigo (e.g. dizziness)

Patients using the Alpha 1(M) configuration of the device, which utilizes a magnetic implant, should
not undergo magnetic resonance imaging (MRI) without having the implant removed prior to
scanning.

Performance Standards:

The design of the Otomag Bone Conduction Hearing System conforms to the following voluntary
standards:

* ISO 14971:2007: Medical devices - application of risk management to medical devices;

* FDA Memorandum #G95-1: Use of International Standard ISO 10993, Biological
Evaluation of Medical Devices Part 1: Evaluation and Testing

* ISO 17665-1:2006: Sterilization of Healthcare Products - Moist Heat - Part 1 Requirements
for the Development, Validation, and Routine Control of Sterilization Process for Medical
Devices

* ISO 17664-1:2004: Sterilization of medical devices - Information to be provided by the
manufacturer for the processing of resterilizable medical devices

* ISO 15223-1:2007: Medical devices - Symbols to be used with medical device labels,
labeling and information to be supplied

* AAMI TIR 12:2004 Designing, testing and labeling reusable medical devices for
reprocessing in health care facilities: A guide for medical device manufacturers

* AAMI/ANSI ST8:2008, Hospital steam sterilizers

* AAMI/ANSI ST67:2003/(R) 2008,Sterilization of health care products - Requirements for
products labeled "STERILE"

* AAMI / ANSI ST77:2006, Containment devices for reusable medical device sterilization
* AAMI/ANSI ST79:2006,A1:2008,A2:2009 Comprehensive guide to steam sterilization and

sterility assurance in health care facilities

* AAMI/ANSI ST81:2004, Information to be provided by the manufacturer for the processing
of resterilizable medical devices

* ASTM F1 36 - 08el: Specification for Wrought Titanium-6 Aluminum-4 Vanadium ELI
(Extra Low Interstitial) Alloy for Surgical Implant Applications

* ASTM F67-06: Standard Specification for Unalloyed Titanium, for Surgical Implant
Applications

Non-Clinical Performance Testing:

The Otomag Bone Conduction Hearing System has been subjected to extensive safety,
performance testing, and verification / validation. Testing of the Otomag Bone Conduction Hearing
System included various device performance tests and software validation tests designed to ensure
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that the device meet all of its functional specifications and is fit for its intended use. Tests have also
been performed to ensure the device complies with industry and safety standards. The testing
information presented in this submission demonstrates the device's performance is substantially
equivalent to the predicate devices.

Conclusion:

Based on the non-clinical performance testing, the modified version of the Otomag Bone
Conduction Hearing System is as safe and effective and considered to be substantially equivalent
to the predicate Otomag device cleared in K100193 and the Audiant cleared K855059 and K861971
and that the differences between the three devices:

* Do not raise any new issues of safety and effectiveness

* Do not amount to a change in the "fundamental scientific technology" of the device with
regard to the Otomag predicate K100193

* Do not present any adverse health effect or safety risks to patients when used as
intended.
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