Summary of the Ultrasonic Therapy Performance Standard Requirements

Performance Requirements

1. OUTPUT INDICATION: Each ultrasound therapy generator must provide
an indication of the radiated ultrasonic power and intensity, and thig
indication (usually a meter) must be accurate within certain limits,

If the generator operates in the continuous mode, the average power and
intensity must be indicated; if the generator operates in the pulsed
mode, the peak power and intensity must be indicated. Generators which
operate in the pulsed mode may also provide an indication of the
average power and intensity if the manufacturer so desires, but this ig
not required by the standard. An alternative to providing a meter as
an indication would be to label the positions of the output control
with the appropriate values.

2. TIMER: Each ultrasound therapy generator must provide a means by
which the treatment time can be preset, and this mechanism must also be
daccurate within certain limits.

3. PULSE DURATION AND REPETITION RATE INDICATIONS: Generators which
operate in the pulsed mode and have controls to vary the pulse width
and/or repetition rate must provide the user with an indication of the
magnitude of these quantities. This indication might be provided by a
meter or by markings on the control itself.

4. FREQUENCY INDICATION: Generators for which the ultrasonic
frequency is variable must provide the user with an indication of the
magnitude of this quantity.

5. ENERGIZED SOUNDHEAD INDICATION: All generators must provide the
user with some visual indication when electrical energy 1is being
applied to the soundhead. TIf an output meter is used to satisfy the
requirements outlined in l., the meter itself satisfies this
requirement. If no output meter is used, this requirement could be
satisfied by an indicator light.

Labeling Requirements

l. CERTIFICATION AND IDENTIFICATION: All ultrasonic therapy
generators and applicators must bear a label stating that the product
complies with the standard and identifying the manufacturer by name and
address. The month and year of manufacture must also be glven. This
labeling may take the form of an actual label or may consist of
lettering on the front, sides or rear of the unit. The wording of the
certificatinn statement may be quite general, e.g., "complies with
applicable DHHS regulations”™, or quite specific, e.g. "complies with

21 CFR 1050.10". When a generator and applicator are sold as a
complete unit, as {is usually the case, the certification and
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identification labeling on the generator will apply to the applicator
as well. When an applicator is sold 1ndividually, it must bear its own
label; these might take the form of actual labels or might coasist of
documents accompanying the applicator.

2. GENERATOR LABEL: In addition to the certification and
identification labels described above, each generator must bear a label
identifying the generator by model number and serial number and gilving
certain technical information about the generator. This includes the
operating frequency and type of output (continuous or pulsed); if the
generator is pulsed, the label must specify the pulse width and
repetition rate (unless variable), provide an 11lustration of the
waveform, and give the ratio of the temporal-maximum intensity to the
temporal-average Intensity. The terms temporal-maximum and
temporal-average refer to the maximum intensity during the pulse and
the average intensity over the pulse period, respectively. This ratio
can be used to determine the temporal-average power radiated at a given
setting of the (indicated) temporal-maximum power.

3. APPLICATOR LABEL: Each ultrasound therapy applicator, whether sold
individually or as a part of a generator/applicator unit, must bear a
label identifying the applicator by brand name, model number, and
serial number, and giving certain technical information about the
applicator. This includes the operating frequency, radiating area,
beanm nonuniformity ratio, and type of applicator, i.e. whether
focusing, collimating, or diverging. If the applicator is of the
focusing type, the focal length and focal area must be specified. The
beam non-uniformity ratio is the ratio of the spatial-maximum intensity
to the spatial-average Intensity, i.e., the ratio of the maximum
intensity at any point in the radiated field to the average intensity
for any setting of the intensity control. It is thus a measure of the
spatial “nonuniformity” of the beam, and has a function similar to that
of the temporal-peak to temporal-average ratio described above., For
example, suppose that the applicator is in use with a generator whose
output is set at 2.0 Watts/cm™. 1If the beam nonuniformity ratio is
5:1, the user_knows that at some point in the beam, the intensity is
10.0 Watts/cem”.

Since ultrasound therapy applicators have a minimum amount of available
label space, the Center allows the manufacturer to use certain specific
abbreviations on this label; however, when the abbreviations are used,

the manufacturer is required to provide an explanation of them as part

of the user information.

Information Requirements

l.  SERVICE INFORMATION: The manufacturer is required to supply to
dealers who are qualified to service the products, adequate
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Instructions for the operation, service, and calibration of the
product. -
2. USER INFORMATION: The manufacturer is also required to supply the
user of the product with adequate instructions for the safe use of the
product, including a description of all controls and a schedule of
maintenance necessary to keep the product in compliance with the
standard. The user information must also include a description of the
uncertainties in magnitude, expressed as a percentage error, of the
ultrasonic frequency, effective radiating area, and pulse parameters if
the generator is pulsed. Finally, the user information must include a
description of the spatial distribution of energy in the radiated
field, i.e., an explanation (including graphs or photographs) of how
the ultrasonic intensity varies in some specified plane.

The above is a summary of the basic requirements of the standard. A few
minor details have been omitted for purposes of clarity; however, all of
the requirements are stated in full detail in the enclosed 21 CFR, Parts
800-1299.



DEPARTMENT OF HEALTH. EDUCATION. AND WELFARE
PUBLIC HEALTH seRvice

FOOD AND ORUG ADM[NlSTRATlON _ -
ROCKVILLE. MARYLAND 20857 DEC 0 6 1978

Interpretation of the Performance Standard for Ultrasonic
Therapy Products -

The Bureay of Radiological Health has received several requests for
interpretation of the requirements of 21 CFR 1050.10. This document
outlines the particular requirements under scrutiny and states the
Position of the Bureau on each.

1.

o
.

Type and Location gg_Agglicator Labels

therapy applicator bear a label that pProvides certain identifying
and technical information, However, the specific type of

label and location are not Specified and several manufacturers
have asked for clarifidation of these issues, e.8., are tag
labels acceptable, wmay the label be located at the connector

end of the cable, ectc.

Position that any policy which attempted to dictate the exact
dature or location of an applicator label would eventually prove
to be too restrictive. Thege issues must therefore be determined
on an individual cage basis. 1In general, applicator labels

labeling that meets these general guidelines. Manufacturers
may submit sketches, facsimiles, Or samples of their pProposed
applicator label to the Director, Division of Compliance, for
evaluation. The description should include the proposed 1lo-
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All Manufacturers and Potential Manufacturers of>Ultrasonic
Therapy Products

POLICY: The Bureau recognizes that it will be necessary to
abbreviate the information given on the applicator label. The
intent of the applicator labeking requirements will best be
realized if all manufacturers use the same notation for the
various parameters. Toward this end, the Bureau requests that
when abbreviations are used, manufacturers use the abbreviations
listed below to specify the required information, with a blank
Space separating the abbreviation from the actual value of the
Parameter. However, when the abbreviated form is used, an
explanation of each abbreviation must be provided as part of
the user information required by 21 CFR 1050.10(f) (2).

a. Generator designation: The abbreviation GEN should
be used for generator. If an applicator is intended for
use with specific generators, the model designation of
those generators must pe given. 1If it is intended for
use with all generators made by the manufacturer, the

" label may read GEN: ALL.

b. The ultrasonic frequency should be designated by a
lower case f, e.g., £f: 1.0 MHz..

c. The effective radiating area should be designated by
the word AREA, e.g., AREA: 10 cm?.

d. The beam nonuniformity ratio should be designated by
the letters BNR, e.g., BNR: 4:1

e. The type of applicator (focusing, collimating, diverging)
should be designated by the word TYPE and may be abbreviated
to FOC, COLL, or DIV, e.g., TYPE: COLL. For focusing
applicators, the focal length and focal area should be
designated by the letter FL and FA Tepectively, e.g.,

TYPE: FOC

FL: 5 cem

FA: 6 cm?

Scanning Measurements

hydrophone, which can be accurately positioned at any point in
the field radiated by the transducer, For example, the applicator
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labeling requirements in 21 CFR lOSO.lO(d)(4)(iii) require
that the maximum value of the beam nonuniformity ratio he
specified for each applicator. Other such measurements are
that of effective radiating area and the determination of
whether a given applicator is collimating, diverging, or
focusing. The Bureay expects that it will be sufficient to
make such tests on a sampling basis, rather than on total
Production. Some manufacturers have asked whether the Bureay
will accept measurements made by someone other than the man-
ufacturer, €.8., whether a manufacturer way hire another fipp
or institution, already equipped to make such measurements, to
perform this part of their testing program. :

POLICY: The Bureau has no objection per se to measurements
made on a contractual basis. However, manufacturers must- be

aware that they alome are ultimately responsible for all aspects
of their compliance testing program and for the certification of
their products. When establishing such a contract, manufacturers
must be sure that the details of the tests, including a descrip-
tion of any test apparatus, used will be available to them for
reporting purposes, They should also be aware that the contractor
is subject to the inspection authority of Section 360A of the
Radiation Control for Health and Safety Act of 1968.

4. Servicing Information

therapy product manufacturer to supply adequate instructioms
for servicing and calibration of the product. The intent of
this requirement is to winimize the threat to public health
Posed by the use of improperly ‘serviced equipment. Several

Service their own products and have expressed a reluctance to
supply all or part of the service instructions to others.

POLICY: The Bureau agrees that in many cases it will be in

the best interest of the public health for certain critical
functions of ultrasonic therapy products to be serviced and
calibrated only by the manufacturer. In lieu of providing
specific servicing and calibration information a manufacturer
13y instruct users, dealers, and distributors to return products
to the factory for all (if all are deemed critical) or specific
tyres of service or for calibration. When return to the

factory is recommended only for specific types of service,
adequate instruction must be provided for all other types of
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service. Also, under the provisions of 21 CFR 1050.10(£) (1),
servicing information must be provided when specifically
requested.

5. Labeling of Meter Scales

.

BACKGROUND: 21 CFR 1050.10(c) (1) requires that units operating

in the continuous-wave mode provide an indication of the
temporal-average ultrasonic power and intensity, and that

units operating in the amplitude-modulated (pulsed) mode provide
an indication of the temporal-maximum power and intensity.

The Bureau has been asked whether pulsed units may instead

provide an indication of temporal-average power and the conversion
factor necessary to obtain the temporal-paximum power.

POLICY: One of the primary purposes of the performance standard
is to ensure that users of amplitude-modulated ultrasound therapy
equipment have a direct indication of the radiated temporal-
maximum intensity. The need for this is established by various
Studies of non-thermal biological effects. Consequently, the
pProposal to provide an indication of temporal-average intensity
along with a conversion factor for calculating the temporal-
maximum intensity is not acceptable. A manufacturer may, at his
option, provide the user with the conversion factor necessary

to calculate the temporal-average from the indicated temporal-
maximum intensity, or he may provide an additional scale to
directly indicate the temporal-average intensity. However, a
direct indication of the radiated temporal-maximum intensity
must be provided.

6. Visual Indicator Requirements

BACKGROUND: 21 CFR 1050.10(c)(3) requires that an ultra-

sound therapy generator provide a clear visual indication of the
application of electrical power, at the appropriate ultrasonic
frequency, to the soundhead. Interpreted literally, this could
require that the visual indicator respond only to electrical

energy at the desired ultrasonic frequency, i.e., such a device
would have to include a frequency discriminating circuit. Several
manufacturers have asked if this is in fact necessary and appropria:

POLICY: The intent of the standard is to ensure that the user
of an ultrasocund therapy device will have some easily understood
indication of an energized soundhead. For generators which
have an output meter, the meter itself satisfies the intent of
this requirement. While it is true that a typical meter

circuit would respond even if the generator were operating at
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All Manufacturers and Potential Manufacturers of Ultrasonic
Therapy Products

the wrong frequency, the resulting radiated field would be lower
in intensity than the field radiated by the transducer at its
resonant frequency. Therefore the visual indicator, whether 3
meter or some other device, need not be frequency selective 1in
order to comply with 21 CFR 1050.10(c) (5).

Interrupted Continuocus-Wave Operation

BACKGROUND: Several manufacturers currently make ultrasound

therapy generators which can be operated in either a

“continuous" or “interrupted" mode. When the continuous mode

is selected, the ultrasound is op for the duration of the

Preset time; when the interrupted mode is selected, the appli-
cation of electrical power to the soundhead is electronically

or electromechanically switched on and off for short (e.g., two
Seconds) intervals. On at least ope such device, the ultrasonic
field radiated by the soundhead, when it ig energized, is classified
as amplitude-modulated by the provisions of 21 CFR lOSO.lO(b)(l);

output meter.

POLICY: The interrupted mode of operation will be comsidered to be
a form of amplitude modulation only when the duration of the "op"
Period is less than one second. The meter on a generator operating
in this way would therefore be required to indicate the temporal-
Daximum radiated power and intensity even during the "off" period.
If the duration of the "on" time is one Second or greater and (a)
the radiated field is amplitude-modulated according to the
definition in 21 CFR lOSO.lO(b)(l), then the meter must indicate
the temporal-maximum intensity and power during the "on'

interval; if (b) the radiated field meets the definition of
continuous-wave (21 CFR 1050.10 (b)(7)), then the meter must
indicare the temporal-average intensity and power. In either

case, if the "on" time is ope Second or greater, the meter should
Teturn to zero during the "off" intervals. Meter response

time should be adequate to provide a true reading of the ap-
Propriate output intensity,

Display of Pulse Duration and Repetition Rate

BACKGROUND: 21 CrRr 1050.10(e) (3) requires that an
amplitude-modulated ultrasonic therapy generator incorporate

2 means of indicating the magnitudes of the pulse duration and
the pulse repetition rate, if these quantities are variable. -~
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One manufacturer has asked if it will be acceptable to display
the period of the amplitude-modulated waveform, rather than the
repetition rate, and include on the front panel a legend in-
dicating that the repetition rate is equal to the reciptocal

of the period. .

-

POLICY: The Bureau finds this to be an acceptable means of
indicating the pulse repetition rate, since the relationship
between period and repetition rate is well known. Furthermore,
displaying the repetition rate in this manner does not deprive
the user of any information necessary for the safe use of the
pProduct, since in any case an indication of the temporal-
maximum power and intensity must be provided.

9. Certification of Applicators

labels (a)'certifying that the product complies with the
applicable standard, (21 CFR 1010.2) and (b) identifying the

manufacturer and the date and place of manufacture (21 CFRr

identification labels will be required on applicators that are
manufactured specifically to be sold as replacement units.

POLICY: 21 CFR lOSO.lO(b)(ZS)(ii) specifically defines an
applicator as an ultrasonic therapy product. Any applicator
manufactured on or after February 17, 1979, whether sold
individually or with a generator, must therefore comply with

the requirements of 1050.10 and must be certified to be in
compliance with the standard. When an applicator is sold as

part of a generator/applicator combination, it will be sufficient
for the certification and identification labels to appear on

Manufacturers should note that in the case of products for
which it is not feasible to affix certification or identi-
fication labels, 21 CFR 1010.2 and 1010.3 allow for alternate
means of labeling. Approval of such alternate means may be
granted by the Director, Bureau of Radiological Health, upon
written application by a manufacturer.

[ Fd S (5T

Robert G. Britain



DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE
PUBLIC HEALTH SERVICE
FOOD AND DRUG ADMINISTRATION
ROCKVILLE, MARYLAND 20857

JUN 27 1980

To: All Manufacturers and Potential Manufacturers of Ultragonic
Therapy Products

Subject: Accuracy requirements for .Indication of Temporal-Maximum
Ultrasonic Power and Intensity, 21 CFR 1050.10 (c) (1) (ii).

BACKGROUND: . The subject paragraph of the Ultrasonic Therapy Performance
Standard requires that units having an amplitude-modulated (pulsed)

output waveform provide an indication of the temporal-maximum ultrasonic
power and intensity. The requirement also states that the sum of the
errors in the indications of temporal-maximum ultrasonic power and

ratio of the temporal-maximum to temporal~average intensities may not
exceed + 20 percent for all emissions greatexr. than 10 percent of the
maximum emission.

This accuracy requirement was specified in this way, i.e., as a sum of
errors, in order to relate the error in the indication to the uncertainty
in measurement of the temporal-average power. 1In the current state-of-
the-art, the measurement of temporal-average power ‘can be made with
greater accuracy (e.g., by radiation force techniques) than the measure-
ment of temporal-maximum power, which currently must rely on hydrophone
measurements. Furthermore, many ultrasonic therapy devices are capable
of operating in either the pulsed or continuous mode; since the production
testing of such devices would include measurement of the temporal-
average power (to calibrate the continuous mode), it is logical to relate
the calibration of the pulsed mode to the same measurement.

The actual wording of this section of the standard has caused some
confusion among users and manufacturers. The Bureau intends to formally
amend the standard so that the requirement will be.stated more clearly.
The amendment process requires a certain amount of time; for the interim
period, the Bureau policy regarding the calibration of the pulsed mcde
will be as specified below.

POLICY: The Bureau's intent regarding the calibration of the pulsed
mode can be stated as follows: The temporal-maximum power and intensity
must be indicated, and the ratio of temporal-peak to temporal-average
intensitiés must be specified. For a given setting of the output control,
the indicated temporal-maximum power divided by the ratio of intensities
will yield a value for temporal-average power. This calculated value
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the same setting of the output control, to within + 20 percent. Thig
i i Bureau's compliance testing, and should guide

and interested parties
will be notified when the proposed’ amendment is published for: camment

endment process has been completed.
e

A4

G. Britain
Director

Division of Compliance
Bureau of Radiological Health

w

¢
ua




b HYDROPHONE MEASUREMENTS OF EFFECTIVE
RADIATING AREA AND BEAM NONUNIFORMITY
RATIO OF ULTRASOUND THERAPY APPLICATORS

tangular grid slightly larger than the applicator face. 1In the least
sophisticated System, this would require point-by-point measurement of
the hydrophone output over the entire grid, with a distance between

between points. At one of the measured points, the intensity would have
2 maximum value; all other points for which the intensity was § Percent
Oor more of this maximum would contribute to the effective radiating

area, i.e. the total area would consist of the sum of all the incremental
areas associated with those points.

starting and ending at positions where the intensity is negligible. After
e€ach scan made in this way, the hydrophone is “stepped" an incremental

distance in a direction normal to the direction of the scan. Thus, the
next scan will parallel the preceeding ones. The first scan should be

opposite side. On one of the scans thus Produced, the hydrophone output
will have a maximum value; on that scan and on all others, the portion
of the scan that contributes to the effective radiating area is that
portion for which the intensity is 5 percent or more of this maximum.
The length of that portion, multiplied by the distance between scans,
yields an incremental Strip (or strips) of area; the effective radiating
drea is the sum of these incremental areas for all scans. Several

1. The voltage output of the hydrophone is related to the acoustic
pressure, not intensity. Since the intensity is Proportional to

the square of the Pressure, a graph of intensity vs. hydrophone
position can be obtained only if the hydrophone output is squared
before being fed. to the Y-axis of the recorder. One would then take
the contributing portion of e€ach scan to be that portion for which



the hydrophone output is 5 percent of the maximum. If the hydrophone
output is fed directly to the recorder without being squared, the
resulting plot will be of acoustic pressure vs. position. Since

the pressure is related to the square root of the intensity, and the
Square root of .05 ig .224, the contributing portion of each scan
will be that portion for which the hydrophone output is 22.4 perce::

2. Whatever the nature of the circuitry that processes the hydro-
phone output, (peak detector, true RMS voltmeter, etc.), it must
produce a d.c. voltage proportional to the amplitude of the ultra-

3. Due to the nature of near-field behavior, the distance between
scans (for a typical ultrasonic therapy applicator) should not exceed
.050 inches. of course, when actually calculating the area, all
distances must be converted to centimeters.

II. Beam Nonuniformity Ratio: As mentioned previocusly, the ultrasonic
intensity is related to the square of the hydrophone output voltage,
i.e.,

As noted previously, the intensity at an arbitrary point in the ultra-
sonic field can be associated with an incremental area. The magnitude of
this area is simply the product of the distance between adjacent points
on the scan and the distance between scans. Since, in general, ultrasonic
power is the product of intensity and area, each measured intensity and
its associated area may be thought of as an incremental "element" of
ultrasonic power. The total power is then equal to the sum of all these
individual contributors, i.e.,

N

P = iElIi'Ai (2)

If the distances between points are the same for all measured intensities.
the area will be the same for each measured intensity, or

N
P=2AaATCTI, (3)
. ]_-_-1 1



Recalling equation (1), this becomes
N N
2

P=AZKkV, =kar vy (4)
i=1 1 =] 1
Solving for k, we obtain
2
k P/A.Elvi (5)

1. Set the ultrasonic power output to some accurately known

voltage at each point in a grid sufficiently large to include the
entire ultrasonic beam. For typical ultrasoniec therapy applicators,
it is sufficient. to have a distance between points and between scans
of .100 inches when measuring in the far field.

4. Divide the ultrasonic power P by the result obtained in
Step 3. Thig Yields the hydrophone calibration constant k in watts/
em? /vo1t2,

Having determineq k, we Ay now proceed to measure the beam nonuniformity
ratio (BNR). By definition, this is the ratio of the spatial-maximum to
Spatial-average intensities, i.e., : '

= 6
BNR ISP/ISA (6)
The spatial—average intensity is just the ultrasonic power P divided by
the effective radiating area (ERA), as determined by the procedures
described above, The Spatial-maximum intensity ig related to the maximum
voltage measured by the hydrophone in the usual way, i.e.,

2
ISP = kV’SP (7}

Thus equation (6) becomes

a _ 5
BNR = ISP/ISA = kVSP / (P/ERA)

Thus che Procedure for determining the beam nonuniformity ratio, once
the calibration constant k ig known, is to locate the point where the
hvdrophone voltage is a maximum, square this voltage, and calculate
the ratio using equation (8).



For typical ultrasonic therapy applicators, i.e., single;crystal, Plane.
circular piston radiators, the spatial-maximum intensity may be expected
to occur on or near the axig of the beam. A detailed description of the
behavior of the axial intensity for such a source may be found in
Handbook of Physical Medicine and Rehabilitation, F.H. Krusen, ed.,

- 271 f£f, W.B. Saunders Co., 1965, 1In general, the intensity along the
axis will fluctuate through several maxima and minima as the hydrophone
is scanned away from the applicator face. Since it is expected that the
pPoint of maximum intensity will lie very close to one of these relative

Procedures that will be used by BRH for compliance testing. Note that
scanning a plane in the far field is required only when calibrating the
hydrophone, and is Dot required each time an applicator is measured

for beam nonuniformity ratio. It is conceivable that the hydrophone
calibration could change over extended periods, and the calibration
should therefore be checked periodically. If and when changes to these
Procedures are developed by BRH, the changes will be communicated to the
industry.
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Food and Drug Administration
Rockville MD 20857

JUN S Pgi

- TO: ALL ULTRASOUND THERAPY MANUFACTURERS

SUBJECT: ERA and BNR Testing

Many manufacturers of ultrasound therapy devices are currently performing
final testing on a preset percentage of production units that includes
measurements of the effective radiating area (ERA) and beam nonuniformity
(BNR). This practice has been endorsed by the Bureau as a necessary

part of the required quality control and testing program for radiation
safety, and is in keeping with the good manufacturing practices regulation

for medical device manufacturers.

The Bureau has reevaluated the need for ERA and BNR measurements on
production units of established models. A review of these test results
during compliance inspections has revealed an industry-wide history of
stable manufacturing procedures and consistent test results. It

appears that continued production testing of single crystal, flat faced
applicator ultrasound therapy devices is not necessary, as long as the
testing program includes measurements of ERA and BNR on preproduction
units and on a statistically valid sample of early production (2-3 months)
units. However, the ERA and BNR measurements need to continue being made
as part of an adequate testing program on production units with other
types of applicators. The selection of units for these measurements
should be based on 100% testing or on a statistically valid sampling
plan.

The Bureau requests that a measurement of BNR and ERA be conducted
periodically (i.e. quarterly) on a production unit of each applicator

model no longer subject to routine tests of these parameters. This

will continue to provide assurance of acceptable products and manufacturing
control. A review of this measurement program should be included in

in your audit procedures to verify compliance with the GMP quality
assurance program.

Any changes made in a manufacturer's quality control and testing program
should be submitted as a report supplement. Any questions regarding )
this notice should be directed to the Microwave/Acoustic Products Section

at (301) 443-6540.

Walter £. Gundaker

Acting Director

Division of Compliance

Bureau of Radiological Health
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Food and Drug Administration
8757 Georgia Avenue

Al 25 (988 Silver Spring MD 20910

TO: ALL MANUFACTURERS AND IMPORTERS OF ULTRASONIC THERAPY EQUIPMENT

SUBJECT: CORRECT CALCULATION OF THE Rtpa FOR PULSED OR AMPLITUDE~
MODULATED WAVEFORM PRODUCING ULTRASONIC THERAPY EQUIPMENT

The Food and Drug Administration (FDA), Center for Devices and Radiological
Health (Center) is aware that confusion exists within the ultrasonic
therapy industry concerning the computation of the ratio of
temporal-maximum to temporal-average effective intensity (Rtpa). The
Federal performance standard for ultrasonic therapy equipment requires that
the Rtpa be computed and clearly labeled on all equipment which produces
pulsed or amplitude-modulated waveforms (21 CFR 1050.10 (e)(1)(1i)). This
ratio is needed to calculate the temporal average intensity and power from
the peak values indicated for the product. The average intensity and power
calculated must be accurate to within +/- 20 percent. Failure to provide
the Rtpa, or providing an incorrect Rtpa, on the equipment label
constitutes a noncompliance with the standard.

The Center is concerned by the magnitude and exteant of the confusion and is
initiating a program to inform manufacturers of the correct measurement and
calculation procedures for computing the Rtpa. The first step in this
program is to determine which practices are currently in use and where the
WOSt common errors are occurring. Once this information is gathered,
appropriate literature and assistance will be provided by the Center to
enable manufacturers to remedy any difficulties they might have. This will
be followed by further investigation and assistance, if necessary, to
ensure that the Industry is in proper compliance with thig aspect of the
standard.

you manufacture in the future. The supplement for each model family
should:

(a) Identify all instruments and the quantities they are used to measure.
Include instrument settings used, placement of the hydrophone, and any
other information relevant to the functioning of the equipment and the
outcome of the measurement.

(b) Describe the measurement and calculation procedures In detail.

Include the explicit formula and measured quantities used for
calculation. ‘

(¢) Explain any assuumptions that are made in taking measurements or making
calculations. Specifically, this applies to the treatment of RC



“spikes” and any other electronic artifacts that occur in the
waveform.

(d) Identify all sources and magnitudes of inaccuracy in the measurements
and perpetuated in the calculation of the Rtpa. .

(e) State whether the Rtpa is determined on a 100 percent or a sampling
basis. 1If the Rtpa is determined on a sampling basis, state the lot
size, proportion of total production tested, the method of sample
selection to ensure randomness, and the rationale for sampling rather
than testing on a 100 percent basis. It must be clearly demonstrated
that such a program ensures compliance of all certified products.

An explanation of the Rtpa determination procedure used by the Winchester
Engineering and Analytical Center (WEAC) is enclosed. Please direct any
questions concerning our requests or your responsibilities to:

Mr. George Kraus

Microwave/Acoustic Products Section
Office of Compliance (HFZ-312)

Center for Devices and Radiological Health
8757 Georgia Avenue

Silver Spring, MD 20910

(301) 427-7187

We hope that the information you provide will enable us to assist you in
bringing your procedures up to standard and eliminating future confusion.
Thank you for your cooperation.

Sincerely,

-
gsrse 175 atrore

Joanne Barron, Chief
Microwave/Acoustic Products Section
Division of Radiological Products
Office of Compliance
Center for Devices and

Radiological Health



II.

PERFORMANCE TESTS

A.

WAVEFORM (CONTINUOUS OR AMPLITUDE—MODULATED)

Determine the type of waveform the therapy unit
Produces by performing the following steps:

l.

2.

Position the therapy transducer in the scan
tank (See Appendix C)

Position the hydrophone to obtain a viewable
signal on the oscilloscope. Move the
hydrophone to a Print on the beam axis in the
far field of the beam. (For a typical 19 cm®*
applicator, the transition from near field to
far field theoretically occurs at about 22
cm--about 8.5 inches--from the applicator
face.) Adjust the signal gain in order to
obtain an undistorted waveform with a peak to
pPeak excursion of about five divisions on the.
oscillascope.

If the observed waveform is a pulsed wave then
identify the waveform as such and skip steps 4
through 6.

At this point in the ultrasonic field measure
the peak voltage (Vp) of the observed
waveform.

At this same point measure the RMS voltage
(Vrms) of the observed waveform.

Calculate the following relationship:

Vp [ 2 Where Vp and Vrms are the peak
—_———— X — and RMS values of the
Vrms 2 hydrophone output voltages,

respectively.

This assumes the waveform is sinusoidal in
nature, if it is not, Lonsult Supervisor.

If Vr < 1.05 then the wave form is defined as
being continuous.

If Vr > 1.85 then it is defined as being
amplitude-modulated.

TEMPORAL PEAK TO AVERAGE RATIO (Rtpa)

This portion of the testing only applies to
non-continuous waves (ie. pulsed oar
amplitude-mondulated waveforms). Determine the



temporal peak to average ratio (Rtpa) by performing
the following steps:

1. Perform Steps II. A. 1 and 2 above.
2. The temporal Peak to average ratio is defined as:

1 | PEAK INTENSITY
2 [ RMS INTENSITY

The hydrophone output voltage is directly proportional
to the acoustic Pressure. The acoustic pressure is
directly Proportional ta the square root of the
intensity. Therefore the temporal peak to average
ratio can be calculated by the following relationship:

2
1{ vp Where Vp and Vrms are the peak
Rtpa = —-|---- and RMS values of the
2|Vrms hydrophone output voltages,

respectively.

PULSE DURATION, PULSE REPETITION RATE, AND DUTY FACTOR

This portion of the testing only applies to pulsed
waveforms. Determine the Pulse parameters by
performing the following steps:

1. Perform Steps II. A. 1 and 2 above.

2. On the oscilloscope, measure the pulse
duration. The pulse duration is equal to the
time between the Points on the leading and
trailing edges of the pulse where the pulse
amplitude equals 10% of the peak pulse
amplitude.

3. On the oscilloscope, measure the pulse
repetition rate. The pulse, repetition rate
Is equal to the reciprocal of the time
between similar points between two adjacent
Pulses, eg: leading edge of pulse where pulse
amplitude reaches 1¢% of peak pulse
amplitude.

4. The duty cycle can be determined by
calculating the following relationship:

DUTY CYCLE = PULSE DURATION X PULSE
REPETITION RATE
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II.

APPENDIX C

TEST PROCEDURES FOR SCANNING OF
ULTRASONIC THERAPY DEVICES

GENERAL INSTRUCTIONS

A.

ultrasonic signal for Processing. The frequency
response of the hydrophone must encompass the frequency
output of the therapy transducer, The output valtage of
the hydrophane must be directly Proportional to the
acoustic pressure of the received signal. The diameter
of the hydrophone €rystal must be less than ope
Wavelength of the received signaj. (Wavelength for IMH
ultrasonic signal in water at 25°C=¢1,48mn = .058in)

SCANNING TECHNIQUES

A,

For typical ultrasonic therapy applicators, ie.,
single—crystal, Plane circular Piston radiators, the
spatial—maximum intensity may be expected to occur on or
nNear the axis of the beam. 1Ip general, the intensity
along the axis will fluctuate.thrnugh Several maxima and
minima as the hydrophone is Scanned away fronm the
applicator face. Since it is expected that the point of
max imum intensity wil] lie very close to one of these
relative maxima, the hydrophaone output should be
observed in a small area Surrounding each of these
relative maxima.

All scans Should be dane in a bean Cross section which
is bPerpendicular to the beam axis. Tq insure that g4
Perpendicular Cross sectian will be Scanned, perfornp the



to the long axis of the scan tank.

2. Position the Scanning hydrophone so it is pointing
approximately at the center of the face of the
transducer, Parallel with the ultrasonic beam axis,
and about 22cm (about 8.5 inches) away from the
transducer,

3. In the vicinity of the beam axis, find the local
maximum in this Cross section by moving the
hydrophaone in this Cross section.

4. Once the local maximum is found, move the hydrophane
away from the transducer along the beam axis unti]
it is about 35cm (about 14 inches) away from the
transducer. .

vicinity of the beam axisg trying to find a value
higher than the Point in this beam cross Section
which was on the Scanned axis.

6. If the point of max imum intensity is not on the
Scanned axis then adjust the Position of the therapy
transducer ang repeat steps 2 through 6. 71f the
Point of maximum intensity in this new Cross section
is on the Scanned axis, then the cross sectional
scans will be Perpendicular to the beam axis.

NOTE: The distances at which the alignment is
Performed are not Critical; however, it is
important that all alignment takes place in
the far field. For a typical 16 cp?
applicator, the transition fronm near field to
far field occurs (theoretically) at about
eight inches away from the applicator face.

All cross Sectional scans should €ncompass the entire
ultrasonic bean. Once it is assured, by Step B. that
the cross Section to be scanned is bPerpendicular to the
beam axis, move the hydraphone” tq the cross section to
be scanned. Move the hydrophone in a directian

distance should be less than one half the dimension of
the square scan size.

Whatever the nature of the ciruitry that Processes the
hydraophone output, ie., peak detector, true RMS
voltmeter, etc., it must Produce a pc voltage

representation of the beam crass Section. Alsa, it
should be kept  in mind that the response and decay times



of this Circuitry, along with the spatial variations-ip
the ultrasonic beam being measured, will determine the
maximum speed at which the hydraphane can be Scanned.

All scans shoulg be performed using CW power, otherwise
the spatial characteristics of the ultrasonic beam (such
as the ERA, the BNR, and applicater type) may not be
Properly represented by the test data. Follow the
Procedure outlineg below for all units.

l. Measure the frequency of the waveform. (See Part
II. D. of the Test Procedures).

2. Disconnect the therapy transducer from the
generator, if possible, and drive it with a CW wave
of the same frequency. while this is not the
waveform generated by the generator, it will allow
better characterization of the spatial
characteristics of the ultrasonic beanm.




