
SECTION VIII

REGULATORY CONTROL OF RISKS

Preceding sections of this petition have shown, based on the literature and on unpublished
clinical results, that total hip arthroplasty incorporating the use of a constrained liner as
part of a total hip system is a highly successtil procedure in a properly selected patient
group. Neither it, nor any other surgical procedure is free of complications, and this
petition has demonstrated that a body of clinical experience has defined those
complications. The risks inherent in this procedure are similar to those for total hip
replacement surgery utilizing a class II device.

Complications can be distinguished between those that relate to surgery in general, and
those that are specific to the device. Separation of the polymer liner from the metal shell
is a failure of the device. Loosening may involve device design, but it also depends upon
surgical technique as well as uncontrollable patient factors. The complications specific to
the device are similar to those specific to class II hip joint replacement devices.
Complications such as infection, pulmonary embolism, gastrointestinal and genitourinary
problems are not generally device specific, b*t are risks associated with most major
surgical procedures.

-

The primary difference between the constrained acetabular component (class III) and the
semi-constrained acetabular component (class II) is the inherent stability of the device.
The constrained liner provides joint stability by the design of mechanical constraint that
interlocks the acetabular component onto the femoral component. The semi-constrained
liner depends more heavily on the effectiveness of the surgical reconstruction and the soft
tissue to provide joint stability, than it does on device design. Due to the mechanical
resistance to dislocation, the constrained liner cannot be restored by closed reduction and
requires additional surgery in the event it dislocates.

Based upon the above considerations, this petition recommends that the approach to
regulatory risk control should be the same for a constrained total hip acetabular liner as
for a semi-constrained total hip acetabular liner. Regulatory control of the device can be
simple and straightforward. Device risks can be handled through material standards, with
substantial equivalence determinations serving to control device design. Patient and
surgical risks can be minimized through device labeling, and device quality through good
manufacturing practices (GMP). FDA has authority through the 5 10(k)  process, as well
as its general authority over misbranding and adulteration to impose controls along these
lines. Additionally, guidance documents are commonly used and provide vehicles for
specific provisions regarding materials, testing, and labeling. The risks defined by clinical
experience are well suited to controls of these types, and this petition’s specific
recommendation on controls is presented in Table VIII-A.

Warnings and precautions that might be included in labeling are described in Appendix 1
- General labeling Information.



TABLE VIII-A

RISKS AND CONTROLS FOR CONSTRAINED HIP ARTHROPLASTY

Risks/Complications
Identified in this Petition
Infection

Loosening of components

Means to Control/Minimize Risks

5 1 O(k) requirement - Sterility
Adulteration Authority - GMP Sterility
Misbranding Authority - Labeling

Indications/contraindications/warnings
precautions

5 10(k)  Requirement - SE Design
Misbranding Authority - Labeling

precautions/warnings

Revision of components
Dislocation of the hip prosthesis

5 10(k)  Requirement - SE Design
5 1 O(k) Requirement - Pre-clinical Testing

Femoral head pull-out/acetabular insert
dislocation

_ lujk) I dquirement  - Conformance to Material
Standards

Misbranding Authority - Labeling
precautions/warnings

Implant failure/fracture/wear
Osteolysis
Sensitivity to implant materials

5 1 O(k) Requirement - SE Design
5 1 O(k) Requirement - Conformance to Material
Standards
5 1 O(k) Requirement - Pre-clinical Testing

femoral head pull-out/wear/acetabular insert
dislocation/FDA guidance documents

Adulteration Authority - GMP Manufacturing
and Design

Nerve impingement/damage Misbranding Authority - Labeling
Pain warnings/precautions
Vascular disorders
Pulmonary embolism
GastrointestinaVgenitourinary  complications
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TEST PERFORMED
32MM 26,28,29,32MM 22,26,28MM

LEVER-OUT
RESISTANCE
LINER/SHXLL

PUSH-OUT RESISTANCE
LINER/SHELL

PUSH-IN
FEMORAL HEAD

PULL-OUT
FEMORAL HEAD/CUP

TOGGLE-OUT
FEMORAL HEAD/CUP

1630 LBS.
AVE.

40.4 LBS.

361.4 LBS. 300 INCH LBS. 33 1.5 IN.LBS.
(28MM I-ID.)

622 INCH 150 INCH LBS. 270-410 IN.LBS.
LBS. AVE. (28MM I-ID.) (OVER FEM HLI

SIZE RANGE)
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LIST OF SPECIAL CONTROLS

ASTM STANDARDS
FDA GUIDANCE DOCUMENTS

SUGGESTED LABELING FORMAT
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LIST OF SPECIAL CONTROLS

The special controls identified below in this document, in addition to general controls, are
adequate to control the identified risks to health for this device. Consensus standards and
FDA guidance documents are appropriate special controls to reasonably assure the safety
and effectiveness of the device.

Based on available information, we identified the following 10 voluntary standards from
the American Society for Testing and Materials (ASTM), and 6 FDA guidance
documents as the specific special controls to reasonably assure the safety and
effectiveness of the constrained metal/polymer hip prosthesis.

ASTM Standards

1. ASTM F67-95  Standard Specification for Unalloyed Titanium for Surgical Implant
Applications. This specification covers the chemical, mechanical, and metallurgical
requirements for four grades of unalloyed titanium used for the manufacture of
surgical implants.

2. ASThI F75-92  Standard Specification fo, Cast Cobalt-Chromium-Molybdenum alloy
for Surgical Implant Applications. This specification covers the requirements for Cast
cobalt-chromium molybdenum alloy, shot, bar, or ingot for surgical implant
applications.

3. ASTM F136-98  Standard Specification for Wrought Titanium-6 Aluminum-4
Vanadium ELI (Extra Low Interstitual) Alloy (R56401)  for Surgical Implant
Applications. This specification covers the chemical, mechanical, and metallurgical
requirements for wrought annealed Titanium-6 Aluminum-4 Vanadium ELI (extra
low interstitual alloy (R56401) to be used in the manufacture of surgical implants.

4. ASTM F648-98  Standard Specification for Ultra-High-Molecular-Weight
Polyethylene Powder and Fabricated Form for Surgical Implants. This specification
covers ultra-high-molecular-weight polyethylene powder (UHMWPE) intended for
use in surgical implants.

5. ASTM F1044-95  Standard Test Method for Shear Testing of Porous Metal Coatings.
This test method covers “lap shear” testing of porous and non-porous metal coatings
adhering to dense metal substrates.

6. ASTM F1147-95  Standard Test Method for Tension Testing of Porous Metal
Coatings. This test method covers tension testing of porous and nonporous metal
coatings adhering to dense metal substrates at ambient temperatures and
determination of the degree of adhesion of coatings to substrates, or the internal
cohesion of a coating in tension normal to the surface plane.

7. ASTM F 13 77-98a  Standard Specification for Cobalt-28 Chromium-6 Molybdenum
Powder for Coating of Orthopedic Implants (UNSR30075).  This specification covers
requirements for cobalt-chromium-molybdenum alloy powders for use in fabricating
coatings on cobalt-chromium-molybdenum alloy orthopedic implants.

8. ASTM F1580-95  Standard Specification for Titanium and Titanium-6% Aluminum-
4% Vanadium Alloy Powders for Coatings of Surgical Implants. This specification



covers the requirements for unalloyed titanium and Ti-6Al-4V  alloy powders for use
in fabricating coatings on titanium alloy implants.

9. ASTM F18 14-97a Standard Guide for Evaluating Modular Hip and Knee Joint
Components. This guide covers a procedure to assist the developer of a modular joint
replacement implant in the choice of appropriate tests and evaluations to determine
device safety.

10. ASTM F1820-97  Standard Test Method for Determining the Axial Disassembly force
of a Modular Acetabular Device. This test method covers a standard methodology by
which to measure the attachment strength between the modular acetabular shell and
liner. Although the methodology described does not replicate physiological loading
conditions, it has been described as means of comparing integrity of various locking
mechanisms.

The ASTM standards define implant material specifications and testing methods
applicable to the constrained hip prosthesis. Adherence to these standards and
comparison of the results from these standard tests can control the risks to health of
adverse tissue reaction, pain and/or loss of tinction,  and revision by having the
manufacturer use surgical implant quality materials and assuring that the device has
acceptabl  : performance through mechar ’ ..I testi ;.

- -

The ASTM standards are FDA recognized consensus standards. ASTM standards may be
obtained from ASTM Customer Services, 100 Barr Harbor Dr., West Conshohocken, PA
19428 (Telephone 610-832-9585).  ASTM has a site on the World Wide Web at
http://www.  astm.o&.

FDA Guidance Documents

1. Guidance Document for Testing Orthopedic Implants with Modified Metallic
Surfaces Apposing Bone or Bone Cement. (Facts-on-Demand #827)

2. Guidance Document for Testing Non-Articulating, “Mechanically Locked’ Modular
Implant Components (Facts-on-Demand #916)

3. Draft Guidance Document for the Preparation of Premarket Notification 5 1 O(k)
Applications for Orthopedic Devices - The Basic Elements (Facts-on-Demand #832)

4. Data Requirements for Ultrahigh Molecular Weight Polyethylene (UHMWPE) Used
in Orthopedic Devices (Call 30 l-443-943 5 flash fax for this document)

5. Use of International Standard ISO- 10993, Biological Evaluation of Medical Devices
Part I: Evaluation and Testing (Facts-on-Demand #361)

6. 5 1 O(k) Sterility Review Guidance.. . and Revisions of 1 l/18/94 and ORDB 7/3/97
(K90-  1) (Facts-on-Demand #36 1)

FDA guidance documents provide guidance on how to meet general orthopedic device
premarket notification (5 1 O(k)) requirements, including biocompatibility testing, sterility
testing, mechanical performance testing, and physician and patient labeling. Use of the
preclinical section of the FDA guidance documents can control the risks to health of

-e adverse tissue reaction, infection, pain, and/or  loss of function, and revision by having



manufacturers use surgical quality implant materials, adequately test and sterilize their
devices, and provide adequate directions for use (and patient information).

Guidance documents can be received via fax machine by telephoning the Center for
Devices and Radiological Health’s (CDRH) CDRH Facts-on-Demand system at 800-399-
0381, or 301-827-0111 from a touch tone telephone. At the first voice prompt, press 1 to
access the Division of Small Manufacturers Assistance FAX, at the second voice prompt,
press 2, and then enter the document number followed by the pound sign (#). Then follow
the remaining voice prompts to complete the request. The guidance documents are also
available from CDRH World Wide Web aatiress at http://www,fda.gov/cdrh.

--



SUGGESTED LABELING FORMAT

INFORMATION FOR PRESCRIBERS

DEVICE DESCRIPTION

The constrained hip is intended for use only in special situations where the
patient has a high risk of dislocation due to previous history of dislocation,
severe joint laxity, and/or palsy of surrounding musculature.

<insert compatible cup shells and liners>
<insert compatible femoral head sizes/neck lengths>

Material: <insert applicable ASTM standard for polyethylene>
<insert  applicable ASTM standard for metal>

<insert a description of the components an i how they function>

INDICATION FOR USE

The metal/polymer constrained hip is indicated for use as a component of a
total hip prosthesis in primary and revision patients at high risk of
dislocation due to a history of prior dislocation, bone loss, joint or soft tissue
laxity, neuromuscular disease, or intraoperative instability.

CONTRAINDICATIONS, WARNINGS, AND PRECAUTIONS, and
POTENTIAL ADVERSE EFFECTS

Relative Contraindications

1. Bone or musculature compromised by disease, infection, or prior
implantation that cannot provide adequate support or fixation for the
prosthesis.

2. Any active or suspected infection in or about the hip
3. Skeletal immaturity

Warnings



va. 1.

2.

3.

4.

5.

6.

7.

Closed reduction of a dislocation of a constrained hip prosthesis is not
possible. Patients should be made aware that treatment of device
dislocation would require additional surgery.
Patients should be warned on the impact of excessive loading that can
result if the patient is involved in an occupation or activity that includes
substantial walking, running, lifting, or excessive muscle loading due to
patient weight causing extreme demands on the constrained hip that can
result in the failure of the device. Extreme demands on the device may
also cause loosening of the acetabular shell.
Alteration of any factory pre-assembled components can result in
improper function of the retaining mechanisms, and failure of the device.
Discard or return any prosthetic components if the retaining mechanism
appears damaged or mishandled.
Improper alignment of the acetabular insert within the acetabular shell
prior to impaction may result in damage to the locking mechanism, or
improper seating of the constrained acetabular insert.
Bending, contouring, or modifying t le device may adversely affect the
implant potentially leading to early implant failure.
Do not use steam autoclaving for resterilization of the UHMWPE liner,
as it may result in serious deformation and material deterioration.
Do not combine components from different manufacturers. This may lead
to premature wear or failure of the device.

Precautions

1. Careful selection of components and familiarity with all aspects of the
surgical technique are important to the success of the surgery.

2. An implant should be handled carefully to avoid damage that could
compromise the mechanical integrity of the device and cause failure of
the implant.

3. Inspect implants for nicks, scratches, or other defects that may cause
failure of the implant.

4. To prevent contamination of the prosthesis, keep free of lint and
powders. Do not open the package until surgery. Do not place the implant
in contact with prepared bone surfaces before the final decision to
implant has been made.

5. An implant should never be reused. Any implant once assembled and
disassembles should be discarded. Even though it appears undamaged, it
may have small defects and internal stress patterns that may lead to
failure.



6. The wear rate of prosthetic surfaces is greatly accelerated if loose
fragments of bone cement become detached and act as an abrasive in the
bearing surfaces. When using bone cement, care should be taken to
remove all excess cement from the periphery of the implant.

7. If a metal acetabular shell is affixed without bone cement, an additional
method of initial fixation (e.g. bone screws, spikes, screw threads, fins,
etc.) should be utilized to assure early stabilization of the cup.

Potential Adverse Effects

1. Infection
2. Pain
3. Loosening, wear, or mechanical failure of prosthetic components
4. Dislocation of the hip prosthesis requiring additional surgery
5. Localized progressive bone resorption (osteolysis)
6. Nerve impingement or damage, vascular disorders (including thrombus)
7. Heterotopic bone formation
8. Sensitivity to implant materials
9. Gastrointestinal and/or genitourinary complications
lOPulmonary  embolism
11 .Death
12. Myocardial infarction

ANALYSIS OF PERTINENT CLINICAL STUDIES

<insert bibliography>

PATIENT COUNSELING INFORMATION

In addition to the patient related information contained in the Warnings and
Potential Adverse Effects sections, the following information should be
conveyed to the patient.

1. Joint prostheses will not restore function to the level expected with a
normal healthy joint, and the patient should be instructed as to the
limitations of the device. The range of motion achievable with a
constrained hip is less than the range of motion with a semi-constrained
hip prosthesis. The patient should be told that, although the constrained
hip provides resistance to dislocation, it could dislocate if subjected to



excessive loading. Once dislocated, additional surgery will be required to
reduce the joint.

2. Wear of the components can occur and potentially lead to future
complications, including bone resorption and loosening, necessitating the
removal and replacement of the prosthetic components.

3. The patient should be advised that the expected life of the joint
replacement components is difficult to estimate, and that many factors
may contribute to the longevity of the prosthesis. The patient can expect
a restoration of mobility and reduction of pain, however device
components cannot  be expected to indefinitely withstand the activity
level and loads of normal healthy bone.

4. Adverse effects may necessitate reoperation, revision, or fusion of the
involved joint.

5. Patients should be instructed that significant reduction in the range of
motion is inherent to the design characteristics of a constrained hip
prosthesis, and that activities that may fnrce the joint to exceed those
range of motion limits should be avoide,.

PRODUCTS ARE SUPPLIED STERILE

<insert sterilization method>

Do not resterilize. Do not use any component from an opened or damaged
package. Do not use implants aRer expiration date.

Caution: Federal Law (USA) restricts this device to sale by or on the order
of a physician.



FOLLOWING  ARE TESTS AND TEST METHODS

RECOMMENDED  TO ESTABLISH THE SUBSTANTIAL
EQUIVALENCE  OF

Constrained Acetabular Cups

-
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Summary of Laboratory Testing of the Biomet Ringloc Constrained Acetabular
Liner:

Testing was conducted on the Ringloc Constrained Acetabular Liner to establish its
resistance to potential failure modes. Five potential failure modes were identified and
tests were designed to address each of the five modes. Note that all of the implant
components used for the testing met the specifications of the implants being produced for
commercial sale.

The first potential failure mode is the polyethylene liner pulling loose from the well fixed
acetabular shell. The Ringloc mechanism must be sufficiently  strong to resist the forces
that act upon the shell to liner interface.

Tests were designed to simulate a direct pull out condition along the polar axis of the
shell as well as the potential levering out of the liner from the shell. (Test#  MT0197) The
lever out loads could be created if the femoral head partially dislocated from the spherical
socket and instead exherted a load on the raised lip of the liner.

From this testing,  it was determined that an avl I.age push out load of 4401bs.  was required
to dislodge the polyethylene from the shell. This is well above any loads that are
expected to be seen in vivo and is not the primary pull out failure mode of the device.
This will be explained further during the discussion of the third potential failure mode.

It was also determined from this testing that an average lever out force required to
dislocate the polyethylene liner from the shell was 1630 Ibs. Again, this greatly exceeds
any forces that the device is expected to see in vivo.

To validate our in-house testing, we also sent implant samples to Dr. A. Seth Greenwald
at the Orthopaedic Research laboratories, Mount Sinai Medical Center. Dr. Greenwald
found and reported in his 1996 AAOS Scientific Exhibit that the push out force required
to disassemble the polyethylene liner from the acetabu1a.r  shell was 660 lbs. He also
found that in his version of a lever out test, it required more than 6611 in-lbs. to lever the
polyethylene liner from the shell. These values indicate that our Ringloc design would
rank at least #2 when compared to competitive devices as was published by Dr.
Greenwald. ’

The second potential failure mode of the device would be an insufficient area for stress
transfer between the polyethylene liner and the titanium shell. The lack of area could
cause a stress environment in the polyethylene that might lead to deformation, promote
the onset of surface fatigue failures, and generation of particulate debris.

To insure that our product provided an area of support to the polyethylene that was
comparable to other clinically successful devices that were currently on the market, we
submitted our design to Dr. A. Seth Greenwald of the Orthopaedic Research Laboratories
at Mount Sinai Medical Center.

1. Tradonsky  et al, “A Comparison of the Disassociation of Strength of Modular Acetabular Components” CORh’,
Number 296, pp. 154-160, 1993.
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Dr. Greenwald and his associates determined that our Ringloc shell without holes left
only about 16% of the polyethylene unsupported. Our Ringloc shell with 7 screw holes
left only 28% of the polyethylene unsupported. The actual contact areas of the shells
were approximately 22cm’  and 18cm2. Overall, our design was second best out of the 10
devices studied by Dr. Greenwald.

The third potential failure mode of the device would be if the femoral head dislocated
from the polyethylene liner.

Tests were designed to determine the device’s resistance to two loading configurations
that could cause dislocation. (Test Numbers MT 1603 and MT789)

The device was subjected to a force attempting to pull the femoral head out of a well
fixed cup along the polar axis of the shell. It was determined that a mean force of 361
Ibs. was required to pull the femoral head from the polyethylene liner. This dislocation
mode would be a result of the weight of the leg attempting to pull the femoral head from
its socket. The 361 lbs. seen in this test far exceed the weight of the human leg and any
direct pull ?ut forces that would be expect  - -’ :-I be :-en in vivo. (Note: the failure mode
was always the head pulling out of the liner and ne b er the liner pulling out of the shell.)
This mean force of 361 lbs. exceeds that of a comparable test performed on the Johnson
& Johnson S-Rom Poly-Dial Constrained liner as reported in their summary of safety and
effectiveness included in the P960054  PMA. The J & J device had an average pull out
load of 273.6 lbs.

Next a second set of devices were subjected to a force which simulated the neck of a
femoral implant moving to a position of impingement against the edge of the
polyethylene liner. This could happen in cases of extreme motion or when the acetabular
cup is malpositioned.

A load and thus a resulting bending moment were applied to the simulated hip stem until
the head levered out of the polyethylene liner. This was always the failure mode for this
test and the liner never became dislodged from the shell as a resuh  of this extreme
loading configuration.

From this test it was found that a mean torque of 622 inch pounds was required to
dislocate the femoral head. This is much greater than the 270 to 410 inch pounds
reported for the Osteonics Constrained Acetabular Insert as reported in the summary of
safety and efficacy included in their PMA P960047.

These results indicate that the device should survive physiologic loading

-n,

A fourth failure made for the device would be the inability to assemble the components at
the time of surgery. The surgeon is required to snap the femoral head in to the
polyethylene socket without meeting too much resistance.
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A test was designed to quantify the force required for this assembly process (Test # MT
0789). It was determined that a mean force of 40.4 Ibs was required for assembly. This
force can easily be generated in the hands of the surgeon within the surgical arena.

A fifth and final failure mode for the device was identified to be the “wearing out” of the
polyethylene due to repeated articulations during the gait cycle. To address this concern,
the Ringloc Constrained Acetabular Liners are made of Biomet’s ArCom Ultra High
Molecular Weight Polyethylene. The ArCom polyethylene is a proven material that was
cleared for commercial marketing via K 926 107 on July 28, 1993.
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RING-LOC LINER STABILITY TESTING

-

DATE: January 21, 1992

PREPARED BY: Kevin Stone

TESTING PERFORMED BY: Kelly Howard

TEST NUMBER: 0197

OBJECTIVE: Determining the push-out and lever-out forces for the
Ring-Lot Liner.

SPECIMENS: Specimens prepared in normal manufacturing area
conforming to part number 105905 (liner), 105458-03 (ring), and
106058-02 (cup).

PROCEDURE: The liners were tested in push-out as shown in the
diagram below. Liner level-out was also performed as indicated
below. P single cup was used ^ - al' tests. The cup was inspected
after each test for visible wear an none was found.

POUNDS

POlJNClS

The following data was gathered for the push-out test.

Specimen 1st Push (lb1 2nd Push (lb) 3rd Push (lb)
1 7i6 421 *960
2 713 619 400
3 806 544 683
4 702 374 669
5 705 673 643
x = 740 526 598
sad. = 48 127 133

reduction from original 29% 19%

4th P!:sh (lb)__-. -
329
670
395
384
473
450
133

39%

* value excluded from averaging due to error during test
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The follow,ing data was gathered for the lever-out tests.

Specimen 1st Push (lb) 2nd Push (lb1

6A 1121 1567
7A 1764 930
8A 1883 1406
9A 1518 1378
10A 1866 1708
x = 1630 1398
s.d. = 319 293

reduction from original 14%

CONCLUSION: All failures occurred by shearing of the liner. There
was never any damage to the ring or the cup. All tests show
adequate stability of the liner in the shell. These values compare
favorably with those presented by Tradonsky et al. It is
encouraging to note that successive push-puts still maintained over
70% of their original values. Althollflh  the practice of reinserting
a liner will be warned against, one ignoring these warnings will
still have a high degree of stability of the two components. The
same conclusions hold true for the lever-out test.

-
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Competitive Push Out Test Results

I I
IProduct Name

I
1 Initial Push Out 1

7

Force [l bf] I

Repeat Push Out 1
Force llbf]

I
I

I
APR I 347 262

t
I I

( Integrity
I I

103 85
I

I I
_^.

I
I

PFC I----+-
I

460t 1 * I
1 I _

1 Reflection 1 I 60

1 Ringloc
I

t-------c-'""---'
I

1
I

+ NO DISASSEbBLY
* SIGNIFICANT DA.Y..GE PARECLUDED  RETESTING

All data derived from:
Postak PD, Tradonsky S, FroiTisr,n AI, Greenwald AS: ?erformance
Characteristics of Trkls Piece Acetabular Cgps: Scientific
Exhibit, &nerieai-. kadarn;; 0” 3rLhocedic Surgeons, Fnzllal
Meeting, F,cianta, ,Se3rg~a, 1936.



P- 8 3

Competitive Lever Out Test Results

+ NO DISASSEMBLY
* SIGNIFICANT DAMGE PRECLUDED RETESTING

All data derived fron:
Postak PD, ?rador,sk>. 2, "-airson AI, Greenwald AS : Ferforrr.ance
Characteristics of ":,:s Flece Acszabular Cups: Scientlflc
Exhibit, k-rkerican Acadamv cf Crthopedic.Suraeons,  .9nn~.1al
Meeting, Atlanta, ZecrL;ia, l296.

&

This data is t?;e property sf r,he Orthopaedic Rese.2rc!-,
Laboratories of Thz :-:t. 3ir.ai Medical Ce~~ter, C?el:zL3:k,  Chic.
The reproductisz an3 jlstribl-it:c!? cf thjs ~23t:i 3rf rs%trrcted.
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A Compariso r
Modu 1

CLINICAI.  ORTllOPAED[CS  AND RELATED RESEARCH
Numtwr296,pp.  154-160
0 1993 J. B. Lippincott Cornpan)

1 of the Disassociation  Strength of
ar Acetabular Components

STEVEN  TRADONSKY ,  M.D., PNJL D. POSTAK ,  B.Sc..  AVRUM  I .  FROIMSON,  M.D
ANI)  A. SETH GREENWALD,  D. PHIL.(OXON.)

Five short-term in viva  disassembly of two-piece
acetabular cup designs have been reported. This
study evaluates the liner retention strengths of
eight contemporary cup systems. Roth push-out
(663 + 65.5 pounds force to 29 :t 1.4 pounds force)
.Ind lever-out (684 + 114 inch-pounds p-1 1.5
inch-pounds) test modes show a wide variation in
retention strength. Repeat liner separation testing
demonstrates a 26? and 32% rrspccti\e  decrease
in locking mechanism integrity. These findings in-
dicate that reseating modular liners at the time of
surgery  or rcawzmhling  a previously separated
liner should be avoided

TLVO-picce  ncstabular  components  ha\ t’
gained  a Lvide dqrcc  of clinical popularit! 117

t o t a l  h i p  arthroplastit-s  (TI 1.45)  a n d  ha\c
been advocated  ti)r ccmentlzss  and  h! brid
applications. Their nd~xntages  include a n
abilit!. to maximire  stability bet\vccn the cdp
and pelvic bon! bed. through the acI.junctl\c‘
use ofscrc~ tilntion.  The cnhunced  stabilit\
pro\ idcd h\ thcx construi’ts  scr\ cs to fa~~ili-
tatt’ b i o l o g i c  fixation.  Additionall>,, metal
backing has been shokvn to improve stress
distribution in the pelvic bed when used in
conjunction \vith cement.‘ .’  Secondaril!.
modular pol!;eth\ienc  iiners offer xxiahlc

i-rotn the Department  ofOt-thopacdlc  Suraen  and the
Orthopaedic Research I aboratoty  I-he hit. S1no1
Center. Cleveland. Ohio.

Reprint requests to A. Seth Grcenwald.  D. Phil
(Own). The Orthopxdic  Research kthorator~.  The ?.[I
Slnat  hldicsl  Center. One hit. Sinai Ik. (‘lc\clz~nJ.  01 t
14106.

head coverage as well as the potential for K--
placement in situations of clinical difficult!.
or material failure.

These modular constructs are not without
short-lcrm  problems. There are numerous
case reports  in the literature as well as manu-
facturer citations to the FDA Medical Dc-
vices Register. documenting the early if? lvil~c~
disassembly of modular acetabular compo-
ncnts.‘~‘~4-“.‘0-1’  These cases are typified b!
the folloiving one-l’ear retrieval from The Mt.
Sinai Medical Center. Cleveland, Ohio. The
initial postopcrati\e  (Fig. IA) and ten-month
radiographs (Fig. I B) ofa 50-).car-old \\oman
who e\psrienccd  left hip pain four month<
alicr rfi.,Z for degenerative joint discav arc
sho\x  n. At revision. liner separation \vas con.
iirmcd. The retrieved components demon-
\tr:ited  poly3h>lcnc  fracture. and significani
galling of the cup interface attributed  to si\
months of t:ontinued ambultttiorr  after tl;c.
onset of hip pain (Fig. 2). Similar problcrn.,
hax led to the recall of one system’ and _I
more careful scrutiny oftwo-piece cup perfk-
n1311ce.

This stud!, in\pestigates  the disassociation
strength ofeight  contemporary  two-piece acc-
tabular systems and addresses the practice a!
liner reinsertion after cup-liner separation.
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(Richards, Memphis, Tennessee), APR (Inter-
medics Orthopedics, Austin, Texas), and HGP 11
(Zimmer. Inc., Warsaw, Indiana). Two tests de-
signed to measure the integrity of the locking
mechanism were performed on each system.
These tests consisted of polyethylene liner separa-
tion by push out and lever out. Three component\
from each system were evaluated for each it~t
mode.

All tests were performed using a customized ap
paratus mounted on an lnstron Testing Machine
(Model I I 15, Instron  Corp.. Canton. Massachu.
setts).  Cups and liners were of implantable qualit?
and equivalent size, (-52 mm cup outer diameter
and 32 mm liner inner diameter).

A diagrammatic reprcscntation  of the push-out
test  apparatus is shown in Figure 3. Once the liner
was fully seated, a 0.25inch diameter metal pin
was advanced  through the apical hole of the metal
cup. A loading rate of 0.2 inches per minute was
sn~plo~~xl  to fully  dislodge  the liner fr~,m the cup.

FIGS. IA ANI)  I B. (A) The initial pOStOper:lti\c

and (B) ten-month radiographs of a 50-ksar-old
\\‘oman \vhc,  experienced left hip pain fc>ur  months
:lftcr 7.ft.1 f o r  dcgcneratibe  j o i n t  discasc  arc

<II~\\T~.  1 Incr Tcparation  i s  suggs5ted  f r o m  the
I- .~~s11113t-l;1(cr;iI  apposition ilf Ihc head and cup
scirfacr‘s.

I he icvcr-out  test was designed  to model lhc
potcn~ial  physiologic loading conditions present
in the cxtrcmes of hip flcsion  and extension as u cll
as situations of variable head coverage. /II I,~w. the
Lincmatics  ofthese disassociations are assumed to
t-x ;I [rotation of the liner about some point on the
tip ofthe cup. The lever-out test assembl)  issho!+n
111  Figure 3. ,Z 0.25~inch diameter metal rod. scr\-
111g a~ a Ic\,cr. \xas inserted into :I hole drilled into
the side will  ol‘ltic  pol!,cth!lcnc  liner 0.375 inchi‘s
bclo\\ the lip. For each system. the fulcrum \\;I\
po<llioned  dlrectl!  adjacent to the metal cup. Ttlc

r-ix1  \\a5 load& until liner separation, at I .33 I-a-
diaiis  prr minute  about the fulcrum. The Ic\cl
.11-m Icngth \\as dcfinrct  ~81 the distance  from the
li\cd  fulcrum to lhs% midpoin! of the liner ttiich-
nce,5.  In this modzl.  lin~‘f lhi<i,ricss  is a conlrlbut-
~ng 1-IC!CW  10 ic\.er-icul ~,ti~~npti~  For the eight  de-

- -

Flc.  2. ,\t rclision.  liner separation
was confirmed. The rclrlevcd  compo-
ncnts dcscrihc  pol\,cth>lenc  fracture
91th significant gnliing  of the cup in-
icrfacc  attributed to six months 01
continued amhulat~on after the onset
of hip pain.
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RESL;  LTS

For both push-out 2nd Ic\.cr-out tests. all
cup-liner  assemblies failed b>’  disassociation

of the liner from the cup, reflecting a failure
of the liner retention mechanism.

The results demonstrate a wide variation
in the push-out strength measurements be-
tween systems (Fig. 5). The force required to
dislodge the liners varied from 663 r 65.5
pounds force in the Duraloc tcl 29 f 1.4
pounds force in the Triloc (Table I).

For the repeat  testing, the forces required
for liner separation were consistently lower
than those measured in the initial tests. The
average reduction in repeat push-out force
for all systems combined was 26%. This Q;IS
found to be significantly different from zero
at an alpha level of11 = 0.0005 using ;1 two-
tailed Student’s i-distribution anal!xis. In
two systems, damage to the locking mccha-
nism during initial separation was so euten-
sivc that repeat testing was not possible.
T’\~~e  systems are excluded from the a\ .‘rage.

I-he results of the initial and repeat Ic\L’I-
out tests are presented in Figure 6. Considc--
able Iariation  in the locking mechanism
strength  of the difl?rent systems was noted.
The torque required to dislodge a liner varied
from 6$-l  L 1 1-I  inch-pounds in the Duraloc

A.
t

f KS. 3 ‘J--JF.  I c\cr-:>tit  test assembly: t \) th<
Jlrcction oi applied displacement and location ot
the lox1 measuring dckc. (B) US-inch cylindri-
cal mctai loading rod instxted  into a hole in the
liner 0.375 inch belong the cup lip. (C) sectioned
\ ici\  of -(?-mm  outer diameter metal acetabulx
cup. (0) sectioned view of 32-mm inner diamctcl
pol!eth>lcnc liner modified with a 0.25~inch  hole
in the SI& wll. (E) rigid mounting for the metal
~-up. (F) lied fulcrum Iocrlted  directly adjacent to
lllC metal cup.
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PUSH OUT TESTS

FIG.  5. The bar graph demonstrates the varia-
tion in push-out strengths between acetabular cup
designs.  For six systems, the combined  mean rc-
peat push-out strength \vas significantI>,  less than
the initial strength. (,I = O.OOOS).  In two designs.
r~pxt tccting  w3~ not possible because of csten-
\ \c dan:Lge during initial testing. Error bars reprc-
sent plus or minus one $tandxd dc\xttion.

to 33 t- I ..S inch-pounds in the Triloc (Table

2). I.evtx-out strength ~~3s  only n~inimall~ in-

tluenccd h! the \xiations in l iner thickness

t h a t  contrihutt-d no more Ihan YS t o  the

.~xr a r m  Icngth.

than those measured in the initial tests. The
average reduction in repeat torque-out
strength for all systems combined was 32%.
This was found to be significantly different
from zero at an alpha-level ofp = 0.0 17 using
a t\vo-tailed Student’s I-distribution analysis.

In three systems. damage to the locking mcch-

anism during initial separation was so extcn-
sive that repeat testing was not poxsibls.
These systems were excluded from the
average.

To determine the extent to which the re-
suits evaluate the locking mechanism, thr
test methods were compared for each design.
Using linear regression analysis, a significartt
correlation was found hctween  the initial
push-out and lever-out test method, r2 ==
0.889 (n = 8).

Visual inspection of the systems suggests

,Ile general types o f  l o c k i n g  m e c h a n i s m .

Three systems. the PCA, the Optifix, and the
APR. emplo), a circumferential polyethylene
flange on the liner that locks into a circum-
fcrcntial re ta in ing s lo t  in  the cup.  Dur ing

liner insertion. the flange initially compresses
;ind then expands into the retaining slot. The
retention strength of this method is directly

related to the geometry of the flange and its
ciign~~~mcnt  I(!  the slot. After initial testing,L

I
I
I
I
I
I
I
I
I
I

Duraloc 663 i 65.5 463 7 1?3.6 305 (‘~1, rctLiinlng  :sirc  bent :lnd liner damaged

S-R034 482 + 4 . 7 * Extensive damage 10 liner flange

/\PR 31j + t0.X 310 + 69.3 33“c I incr  fl~ge deformed
HGP II I I’) + 6.7 XY t- 33.7 7jr; (‘up retention prongs bent and liner damage

Omnifit to.3 2 19.x * Extensive damage to liner and liner retaining wire

PCA x5 i 29.6 61 2 17.7 ‘xc; Liner tlange tip deformed

Optifiv 61 + 2.6 31 -fi 2.2 27% Liner flange deformed

Priloc 39 i I.4 16 t 3.3 9C;. hlaterial  loss from liner cutouts

II - 3 for ntl test\ mean 16pi 1’ = 0.0005

Ihf.  pound\ f,xce;  SD. ~t.~ndrlrd  &viatic)n.
* Ir~it~:d  damge prccludtii  repeat  lest&.
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LEVER OUT TESTS

F-'IG.  6. The bar graph demonstrates the varin-
tion in lever-out strengths betuccn acetabular  cup
designs.  For live systems. the comhined  mean re-
peat lever-out strength was significantly Icss  than
the initial strength. (p 0.017). II-I three designs.
rcpcat  testing  ~4s not possible hccause  of c\ren-
si\-e  damage during initial testing. Error bw r~-nrc-
xn: ulus or minus ant standard dcvlatiorl

/‘\ second locking mcchnnism.  sc’cn in the
S-ROM design. i5 simil:lr  to the tirst. The

liner flange is interrupted, however, facilitat-
ing its insertion into intermittent gaps in the
retaining stat of the cup. The liner then is
rotated so that the flanges are completely en-
gaged within the slot. Further rotation is lim-
ited by secondary. peripheral pins or screws.
The S-ROM has the advantage that no dam-
age is done to the liner or cup during assem-
bly. thus allowing multiple liners to be in-
serted without concern. The damage to the
liner after forcible separation was considcr-
able, however, and prohibited subsequeslt
testing of that liner.

A third locking mechanism is present in
the Triloc design. Two protrusions on the rim
of the cup engage two of six undersized r:uI-
outs in the lip of the liner at their mid-thicb-
ncss. After separation, the linersexhibitedevi-
dsnce of material shaving in the cutout’;
~uscd by the sharp  locking edges of the pro-

trusions. A reduction  in retention strength
tbr this dc\icc \~YIS demonstrated when the
same t\vo slots were reused.

A found locking mechanism. used in the
1 IGP I1 design, employs five pairs of spring-
loaded prongs on the rim of the cup that loch
into a circumferential siot in the liner. After
separation. scoring of the liner in the region

Duraloc
S-ROM
Af’R
Omnitit
PCA
HGP II
Optifi\
Triloc

I‘\tcnsi\e damage to cup retaining wire and iiner
F\tcnsi\c damage to liner flange

50“; Liner flange deformed
E\rt~nsi\-c  damage to liner and liner retaining wire

35’; I iner tlangc tip deformed
W; Cup retention prongs bent with liner damage

S’; Liner flange deformed
1711 Xla!crial  loss from liner cutouts
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of the prongs was observed. Repeat testing of
new liners in the same cup resulted in contin-
ually decreasing retention strengths. This can
only be explained by the permanent deforma-
tion ofthe metal prongs. The results reported
represent the initial and repeat retention
strengths for six new cup-liner assemblies.
three for each test mode.

A fifth locking mechanism. employed in
the Duraloc and Omnifit designs, is charac-
tt‘rized by the use of a metal wire retaining
ring. In the case of the Duraloc, this wire is
configured into a multiple series ofbends and
inserted into a slot in the cup. During assem-
bl). the wire expands into a circumferential
slot in the liner. After separation. the liners
exhibited considerable deformation in the rc-
gion of the slot. Deformation of the metal
I Itaining ring LV:-,  also observed, requiring a
iii’\v nire  ring for each test. In the case of the
Omnitit. the metal \\irc  ring is integral to the
liner and engages four hooks  located  on the
interior cdgc of the cup. :2fter ssparation.  de-
formation of the nirc prohibited subtcqucnt
testing.

DISC1 ~SSIOS

This stud!, addrcsscs the short-lcrm  disas-
Tociation  of twepiccc  ncctabulr~r  cups  L\ how

failure mechanism is attrihutcd  t[> design and
material dcficienc).  :ilthough  it ir rcasonahlc
tha t  pol>cth\lcnc  creep and  \\car ma\ in-
ixnsc the occurrence of liner disasc~)~:iation
)\er tims. this iliodc  ol‘failurt~  has not. 3s )ct.
hccn rcportcd  clinically  1101’dcmonstratcd  i‘x.-
perimentall>.  Because the /II l,ir,cl  Failure 01
these systems is cornpIck and the mechanism
of liner separation is not completely  under-
stood. the results do not infer the clinical su-
periority of one system over another. These
results do pro\idc  a basis for comparison of
liner locking mechanisms. It is not known
how much force a cup-liner assembly should
be able to withstand LU r,i\~l.  It is reasonable,
ho\ve\.er. that those designs with a stronger
locking mechanism. if appropnatel!  assc111-

bled, are less lilcly to disassociate.

Although it is unlikely that pure push-out
forces represent a component of in vim hip
loading, they do by comparison provide a
measure of system integrity. By contrast, the
lc\.er-out  test does simulate the torque acting
,‘:; :he liner during the extremes of hip flex-
Ion and extension. These orientations as well
jq liner3 that offer \,ariable  head coverage
have been implicated as possible causes of
liner disassociation.’ The significant correla-
tion between the push-out and lever-out tests
in the current study supports the contention
that both tests in fact measure the integrity of
the retention mechanism.

The repeat push-out and lever-out tests for
all systems evaluated indicate a significant rc-
duction  in retention strength. This is indica-
tive of permanent material degradation ofthc
cup-Ii3 Iockil:b mechanism.  In  two dc-
signs. \i,ccifically  the IIGP II and Duraloc.
failures in retention  structures integral to the
metal cup ir’ere  ohser\~ed.  For the Duraloc.
deformation of the retention wire necessi-
tated its rcplaccment  in subsequent testing.
This rtxquires routine \vire exchange in clini-
L~al  situation5 \vhcre liner replacement is ncc-
cssan and Tuggests that additional wires be
a\a~l;ihlc in thta operating thcnter.  For the
l IGP II, jcl;)rmation of the retention prongs
II> succcssivc tc5ting resulted in continualI>
dccrcnqing retention Ttrcngths.  Thii necessi-
t3tcd that iii‘\\ cups be used f<>r all initial test-
ing. .\lthoug!i  II is possible in the clinical set-
ting IO forcihl!  kild ths prongs in 3n attemptc
to impro\  t* tht. rctcntion  strength. ;hiur:u-
tict, I\ neither  rscommcnd~~d  JIOT proven cf-
fccli\  c. and is potential]? dangerous because
of the rish of long-term  prong fracture caused
1~) metal I:Jtigue. In clinical practice, the po-
tential for subsequent  liner disassociation
arising from damage to the prongs must be
\veigtlcd  against the dit?iculty of cup replace-
m e n t .

Given the significant decrease in retention
strength in both push-out and lever-out tests,
the practice  elf reseating modular liners at the
time of surgcr>’  or reassembling  a previously
separntt’d  liner is strongl>  discouraged.
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MODULAR ACETABULAR DESIGNS
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INTRODUCTION

Two piece acetabular cups have gained widespread use in total hip arthroplasty.  As the optimizations of

mechanical desitn and surgical technique have c ‘%ed solutions to short term f,lilure, considerable

attention has turned towards long-term survivorship. I 1 particular, debris generated from polyethylene has

been implicated in prompting progressive osteolysis, resulting in long-term implant instability[l,2].

While the incorporation of metal backings with polyethylene components was intended to distribute loads

_4=%= more evenly to the pelvic bed, the subsequent compromise in the thickness of the polyethylene posed

the risk of increasing contact stresses[3].  Moreover, the presence of holes for fixation screws, and lack of

conformity at the polyethylene/metal interface compromised the area available for stress transfer between
the polymer and metal[3]. This combination of holes and nonconformity provides a stress environment

in the polyethylene that not only may lead to deformation, but may promote the onset of surface fatigue
failures and the generation of debris.

This study examines the degree of conformity betbveen the pol):tth;;lene  liners and metal shells of ten

modular acetabular designs, and discusses the relationship betl+\een  coniormity  and polyethylene <h’ear.

MATERIALS AND METHODS

Ten acetabular cup systems were analyzed for metal-cup/polyethylene-liner conformity. The dimensions
for each system studied were approximately 52mm OD/32mm  ID. Cups representing all available hole
configurations for each system were obtained for analysis. Regions of nonconformity were attributed to
holes, gaps, or both. According to the following protocol, three cups representing the minimum hole

configuration for each system were analyzed for gap information.

A self curing acrylic was poured into each metal cup immediately prior to cup/liner assembly. After curing
for 24 hours under a 10 Ibf. compressive load, each assembly was sectioned with a diamond wire saw
and digital images were obtained with a Hewlett Packard digital scanner. Macroscopic dimensions and
geometric information were obtained from both the digital images and vernier caliper measurements.

r- Using an ocular micrometer and dissecting microscope, gap dimensions between the polyethylene liners

-~ ancl metal shells were determined. Based on reasonable machining tolerances, regions of contact Lvere
characterized by gaps less than 0.2O~O.C)l  mm.
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METHODS (cont.)
F-

CUP SECTIONS

As shown in Figure 1 A, gap dimensions were re-
corded  at +0 and -8 degrees from the central axis of
the section. A solid of 180 degree revolution about
this axis was assumed to have gap characteristics
similar to those measured at the section face. When
the polyethylene was supported at both +8 from the
axis, the revolution was considered entirely sup-
ported at that angle. Conversely, when the polyeth-
ylene was unsupported at both 20 from the axis, the
revolution was considered entirely unsupported at
that angle. If supported polyethylene was indicated
at anyf3 and unsupported polyethylene indicated at
the opposite angle, the polyethylene and metal
surfaces of revolution were assumed to resemble a
semicircle of radius rl offset within a semicircle of
radius r2,  where rl <r2, as shown in Figure 1 B. The
supported portion of this surface was determined
from the calculated location of 0.20mm  separation.
Gap information or,tained from the minimum ho.
configuration for each system was applied directly
to analogous designs with more numerous holes.
Surface maps of gaps and holes were constructed
separately, assembled, and duplicate data ILI~S

,removed.  Areas ofpolyethylene/metal  contact b\ere
similarly determined for each system.

PE Outer Radius Metal Inner Radius

Gap A Gap B

L Reflection 1

h\inimum  Hole Geometr\:
I I ) 1 Apic;Il Hole

Other Hole Geometries:
(6) 1 Apical Hole + S Dome Holes

h\inimum Hole Geometry:
(1 21 1 Apical Hole + 11 Dome Holes

Other Hole Ceometrics:
hone

a
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IPFC

IIinirnum Hole Geometr),: il\inirnum Hole Geometry:
(01 0 Apical Holes !I) 1 Apical Hole

Other  Hole Geometries: Other Hole Geometries:
t71 1 Apical Hole  + 6 Dome Hole5 (91 1 Apical Hole + 8 Dome Holes

r---7
L Duraloc ;

,LIinimum Hole Geometry:
(1 :I 1 ApicJI Hole

Other  Holcl  Geomc:tries:
I9 I Xpic-sl Hoit: + 8 Dome  Holes
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/ Trilogy 1

,\4inimclm  Hole Geometr!,:
I 1 I 1 Apical Hole

Other  Hole  Geometries:
(4) 1 Apic;ll Hole + 3 Dome  Holes

~ osteolock-

:C\inimum  Hole Geometry:
17) 1 Apical Hole + 6 Dome Holes

Other  Hole Ceometriei:
ikc )I?!.’

,\tinimum Hole Geometry:
10) 0 APICA/ Holes

Other Hole Geomstries:
13,l 0 Apical Holes + 3 Dome  Holes

(1 1) 0 ApicJI Holes + 11 Dome  Holes

/ Integrity j
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I;; RESULTS
m-v The cup sections presented are of the minimum hole configuration for each system. Figure. 2 describes6 the percent of unsupported polyethylene in each cup, covering the outer polyethylene surface up to, but

not including the rim. Hole, gap, and hole/gap overlap information are graphed for the cup whose total
percentage is the median for that system. Range values for total percentages are also presented. Unsup-
ported polyethylene in cups containing only apical holes varied from 10.3% to 96.9% as evidenced in
Figure 2. Note the relatively small contribution to non-contact in the cups of minimum hole configuration
by comparison to the large contribution evident in the multiple hole systems. The percent of unsupported
polyethylene in cups containing multiple holes ranged from 20.7% to 96.9%.

Supported regions of polyethylene were characterized by the area of conformity up to, but not including
the rim. Figure 3 demonstrates median areas of contact for each system, including indications of the ranges
observed. Areas of contact varied from 25.0cm?  to 0.7cm’  for apical hole cups, and from 22.1 cm?  to
0.7cm’  for multiple hole cups.

Percent of Unsupported Polyethylene

6 0 %

20%

0 %

Median Totals, n = 3

Reflection RingLoc
ii Holes 1 6 0 7

PFC S-R011 Trilogy Hei, II
1 9 1 1 0311 IZ

Duraloc Omnifit Osteo!ock In tegr i ty
I 811 19 - 17 2 Hokzs

Contact Area of Supported Polyethylene

15

Itfcdian
! 25

‘otrlls, n = 3 i
2 0

1 15

u -
Reflection RingLoc PFC S-RO\l Trilog) HGP  II Duraloc Omnifit  Os teo lock  Integrity

i: Holes 1 6 0 7 I 9 1 1. 0 3 1 1 12 1 8 11 1 9 7 1 7 k Holes



i -- DISCUSSION
-. The significance of polyethylene/metal conformity rests in the understanding that high contact and ,

subsurface stresses in polyethylene lead to wear and debris formation. It has been suggested that the most
active mechanisms in polyethylene wear are pitting and delamination[5].  These mechanisms are more
appropriately referred to as forms of surface fatigue failure. Dynamic tensile and compressive stresses,
often reaching greatest magnitudes near the outer and inner surfaces of the polyethylene, drive crack
propagation, eventually resulting in pitting and delamination[6]. Moreover, as unsupported polyethylene
is cyclically loaded, any plastic deformation that takes place, may incur residual stresses in the polymer.
Although such residual stresses typically increase material stren,zth ior future loads applied in the same
direction, load distributions in the polyethylene not only \ary in direction, but in amplitude as Lowell.

The presence of gaps and holes adjacent to the polyethylene prevent the transfer of stresses directly to the
underlying metal, concentrating these stresses in regions of conformity. Based on this premise, the ideal
stress transl’erconfiguration, as suggested by the following models, would be an assembly where maximum
conformity is assured throughout the dome of the metal shell. The first model assures full conformity
throughout the dome providing a large area of contact directly beneath the loaded polyethylene. The
second model assures full conformity initially on the rim with full conformity throughout the dome
occurring only after elastic deformation. In the latter model, initial stresses are taken up at the rim, followed
by a load sharing scenario between the rim and the dome. Ii plastic deformation results, however, residual
stresses may remain within the polyethylene which could bveaken the polymer’s resistance to surface
fatigue  failure. Because it seems unlikely that all deformation throughout the lifetime of the implant will
be of An elastic nature, the first model is believed to be most realistic as an optimum clesign configuration.
A1ternatiL.e interfacT configurations with incomp’ -onic .‘riitv ;Ind a lower potential for wear may exist
as a result oi specific design. The extent to Lvhich any de> ,n [iresented  fits this description is unkno\vn,
and the issue remains undocumented tn the literature.

The degree to which actual cups appear to approximate the iirl;t model is apparent qualitatively in the cross
sections, and quantitati\elv  in Figures 2-3. Note in Figure 2, that in general, gaps account for the majority

e ot nonconformity, even in cups lvith multiple holes. Other than rim contact preventing the liner from fully
se;lting  in the ciome,  large gap noncontormty  may be attributable to locking mechanism geometries, poor
machining  tolerances,  or simply clesign  ot’the interface. In many  ot the multiple hole cups, lack oi Support

attributable to the holes themselves is consicierable.  Thus, selective placement of a minimal number of
holes is strongly recommendecl  as ~111 etfectibe means oi Jchieving greater conformity.

While it is \Jluable  to understand the CJ~SE’S  oi noncont’ormik\:. the Jreas  oi conformity as shohtn in Figure
3 suggest 3n absolute context by L\hich  ,~Lerage  contact stresses  may be inierrecl. The goal to increase
conI’ormity  is s\‘nonymous  with the i;o~l to increase con{;ict  Jrea.  ,Although  certain locales ot’contsct n,ill
be oi much greater relevance than others ior stress transier In any single loading cor!clition,  dynamic
loading in common activities such ds gait, suggest the necessit)’  ior contact oL,er  J relatively wide range.
Not onlv IS it likeI), th;lt an increase  in contact are3 rnd\;  reduce stress-induced redefinition of the
polyethk’lene  surisce, but a7L; a result it r7~1y  inhibit cJt,ll\‘sls  ot wear mechanisms. Thus, to decrease
polyethylene Lvedr  and increase impl,lnt  longevity, it IS recommended th‘lt areas of unsupported potyeth-
ylene should be minimized by increasin,(3 cup/liner  conformit\  and by eliminating unnecessary holes.

These ongoing laboratory evaluations assist an understandin,~7 oi the anticipated performance oi contem-
porary acetabular cup designs. The results are intendecl  to aid the surgeon in device selection when
considering patient factors. Further, they provide the manuiscturer\vith design criteria and assist regulator)
agencies in determining the safety and efficacy of specific cup designs.
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March 1,1999

Testing of Ring-Lot 32mm
Constrained 10” One-Piece Liner

Test Conducted by: Troy Hershberger
Director of Product Development

Dan Williamson
Development Engineer

Kelly Howard
Laboratory Technician

Test Conducted at: Biomet, Inc.
P.O. Box 587
Warsaw, IN 46580

Report Prepared by: Troy Hershberger

Test Numbers: MT 1603 - Completed 3/l/99 and MT 0789 - Completed 2/23/95

Objective:

Materials:

Methods:

Determine head push-in. pull-out and toggle-out strength for new one-piece
constrained 10” liner design.

Size 23 constrained liners (1 I-105833) and RD 1 14570 (identical design tc
1 l-105833)
Constrained liner lock bands (RD 11 3576  I

Appropriate acetabular components
Custom test fixtures
Interlaken testing apparatus
All componenets  were off-the-shelf components representing standard
production procedures.

Push-in tests were performed on 3 Size 23 constrained liner test samples as
shown in Figure 1. The femoral head was pushed into the liner and the
corresponding load cvas recorded.

Pull-out tests were performed on 3 Size 23 liners as shown in Figure 2.
These pull-out tests were done following the push-in test for each specific
sample.
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Lever-out tests were performed on 6 Size 23 liners as shown in Figure 3.
Toggling of the head was allowed until there was contact between the shaft
on the head and the wall of the liner opposite the 10” raised side. The shaft
of the test head was the same diameter as an implant neck taper. The load
was then increased until the head levered out of the constrained liner.

For each test a rate of .008”/second  was used. Load versus displacement
was recorded for each test.

Results:
Push-In Tests

Test Sample Max. Load (1 lbs)
Size 23 Liner 38.4
Size 23 Liner 44.7
Size 23 Liner 38.2

Test Sample Ma.<. Load (lbs)
Size 23 Liner 361.2

Pull-Out Test

Size 23 Liner
Size 23 Liner

371.0 Mean 361.4
351.9 S.D. * 9.5

Test Sample Mas. Load (lbs.) Resulticg Torque (inch Ibs.)
Size 23 Liner l@ 656

Lever-Out Tests

Mean 40.4
S.D. *- 3.7

Size 23 Liner 154 616
Size 23 Liner 147 ,588 Mean 422
Size 23 Liner !49 5’xi S.D. 1:: 33
Size 23 Liner 152 M8
Size 23 Liner 1 f, 7 6t4

Figures 4-7 show a graphical representation of the ‘test results.

Discussion/Conclusion:

The 32mm constrained liner will be offered in sizes ranging from 23 to 28. The Size 23
liner was used for the tests because it has the least amount of polyethylene that would
resist the head from distracting from the liner.

Push-in was achieved when the head component snapped into the liner. Pull-out and
toggle-out tests were performed until the head distracted from the liner. This would be
considered failure of the device.
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- Push-in tests indicate that assembly by the surgeon during surgery will be possible.

Head distraction force for the constrained liner yielded results similar to those reported in
the literature for a competitive constrained liner (Joint Medical Products, head pull-out
300 lb&).

The failure mode for the Lever-out test was as expected. The 32mm diameter ball
levered out of the liner leaving the liner in the shell and the locking band in place. The
average torque to failure of 622 inch pounds was significantly greater than Osteonics’
270-4 10 inch lbs., as reported in their FDA submission, and 150 inch lbs. for the Joint
Medical Products device. ’

These results indicate that dislocation of the femoral head component from the acetabular
component is unlikely to occur at a rate greater than what is currently accepted as state-
of-the-art technology.

’ Anderson, MJ.  Murray. U’R,  Skinner.  FIR; Constrained Acetabular Components. .I. .4~~~hroplcr.s~~,  Vol. 9.
No. 1:17.  1994.
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