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Pathology of Alloplastic

Interpositional Implants in the

Prior to arthroscopy, the surgical manage-
ment of internal derangement of the temporo-
mandibular joint (TM]) involved disk repair or
disk removal either without replacement or
with replacement by either alloplastic implants
or autogenous tissue. The insertion of biologi-
cally acceptable alloplastic material into the
TM] has had the objectives of promoting resur-
facing and preventing adhesions between the
condyle and fossa, articular degeneration, crep-
itus, and pain. Two of the most widely used
materials are Silastic sheeting and a laminate of
Proplast with nonporous Teflon. Proplast is
used permanently, whereas silicone rubber has
been used both pennanently and temporarily.
Initial reports of Silastic and Proplast implants
in joints experimentally and clinically indicated
that these materials were successful, but nu-
merous articles since then have demonstrated
the destructive effects of both materials in the
form of reactive synovitis, destructive arthritis,
lymphadenopathy, and foreign-body granulo-
matous reactions, These TM] reactions can
cause severe loss of bony structure and open
bite deformity.

Despite the discouraging results of implan-
tation of these materials in the TM], reports of
clinically successful cases appeared periodically
in the literature.’ 4. 4 The purposes of this
presentation are: (1) to give additional evidence
of the destructive potential of these implants;
(2) to show that the damage is not short term
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but lasts far beyond the removal of the rejected ‘

implants; (3) to illustrate the destructive effects
of these implants on subsequent tissue grafts;
and (4) to give practitioners insight into the
removal of symptomatic implants even though
they appear intact at the time of surgery.

LITERATURE REVIEW

Silicone elastomers have been extensively
studied and utilized clinically as implants for a
wide range of purposes in various anatomic
locations. ! *! 3 ® Swanson in 1969 introduced
silicone rubber to replace finger joints.* The
use of silicone to restore function and to relieve
pain in joints damaged by disease or trauma
expanded greatly in the 1970s,% and the mate-
rial has been used for reconstruction or repair
of wrist, elbow, shoulder, and metatarsal joints
and for lower-extremity amputation stumps as

* well as for reconstruction of the TMJ menis-

cus. ™ ¢
Initially, experimental evaluation by many
investigators showed that Silastic implants in

block, sheet, or tubular form become sur-'

rounded by a fibrous capsule. This encapsula-
tion process occurs without evidence of signifi-
cant inflammatory or foreign-body reaction
except for the occasional finding of intracellular
particles of silicone elastomer in macro-
phages.> ¥ 357 It was thought that solid sili-
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cone fulfilled many of the requirements of an
ideal implant material.'®

Silicone implants are also common in the
practice of oral and maxillofacial surgery. In
1981, after presentation of a paper by Sanders,*
silicone rubber replacement after TM] diskec-
tomy became popular.> 3 ® However, recent
reports demonstrate severe reactive synovitis
and a foreign-body giant-cell reaction around
silicone elastomer particles, occasionally result-
ing in destructive arthritjs,* % 10 11 i8 B, @. &, 6

In an attempt to duplicate the clinical phe-
nomenon of a foreign-body synovitis from par-
ticulate silicone elastomer, Worsing and
associates™ introduced finely ground particulate
silicone elastomer into the knee joints of adult
New Zealand white rabbits. Histologic evidence
of inflammatory changes developed in the syn-
ovial tissue similar to those seen in patients.
Timmis and coworkers® used alloplastic mate-
rials for TM]J disk replacement in rabbits and
found that 21.4 per cent of the Silastic implants
were torn. The fragmentation of the implant
uniformly observed in the rabbits may have
stimulated the marked foreign-body giant-cell
reaction,

Eriksson and Westesson!” used Dacron-re-
inforced silicone material as temporary disk-
replacement implants in 27 patients who under-
went diskectomy. They found at the time of
removal of the implant (1 to 19 months post-
operatively) that all but one of the implants
showed wear facets and 15 implants were
cracked or ‘perforated. Dolwick and
Aufdemorte'® studied eight patients who had
silicone implants, finding that all tissue speci-
mens revealed granulomatous inflammation and
multinucleated giant cells associated with frag-
mented silicone material. Six of the twenty
patients in the series of Westesson and
associates™ who had received temporary sili-
cone implants had destructive lesions of the
mandibular condyles. A complication of lymph-
adenopathy resulting from a silicone elastomer
finger joint prosthesis has been reported.® %= ¢
Silicone-related . lymphadenopathy in the pa-
rotid gland resulting from TM] silicone
prostheses was reported by Dolwick and Auf-
demorte.’® In 1972, Swanson® estimated that
approximately 1 per cent of prostheses ulti-
mately fracture. However, accumulating expe-
rience indicates that as many as 25 per cent of
these implants will develop fractures, with po-

tients who had intra-articular TMJ arthroplasty
with Silastic implants. The longest follow-up
period was 14 years, 7 months. Sixty-three of
the patients had satisfactory results.

More recently, Proplast has been mtroduced
as an implant for correcting various tissue de-
fects. A laminate of Proplast (Vitek, Inc., Dallas,
Texas) is a porous form of polytetrafluoroethyl-
ene (PTFE) with an admixture of fibers of either
vitreous carbon (PTFE C or Proplast I) or
aluminum oxide (PTFE-ALO, or Proplast II)
and Teflon (5. 1. Dupont Co., Wilmington,
Delaware), a dense smooth form of PTFE. It
has a high melting point (above 250°C) and
unusual toughness; is insoluble in all common
solvents, resistant to chemical attack, and anti-
frictional; and has a modulus of elasticity resem-
bling that of bone or fibrous tissue.® * ® A
number of investigators consider that porous
PTFE offers more stability than nonporous sil-
icone polymers and hence is more useful clini-
cally.® *- ¥7- 28 The desirable qualities of Proplast
include freedom from adverse reactions,'™ %
toxicologic safety,* % rapid tissue ingrowth,® >
“-%7 and biocompatibility. !5 1% 3. 4. 57

Proplast has been studied in a number of
animal trials. Proplast coating on stems of re-
placements for canine femoral heads achieved
good results of stabilization without an inflam-
matory response.® * Halstead and associates,®
who studied the reaction of human tissue to
Proplast-coated femoral stems of Thompson
prostheses by clectron microscopic examination
and electron probe microanalysis, found neither
round-cell or polymorphonuclear leukocytic in-
filtration nor tissue necrosis, although macro-
phages and giant cells were present.

A 1983 presentation reported a very large
series of Proplast implants as having outstanding
clinical and tissue acceptance® (TA Kiersch, as
quoted by SL Bronstein, Eighth International
Conference on Oral Surgery). A survey of 47
oral surgeons with expertise in TM] surgery
conducted by Merrill in 1985 revealed that 17
favored the Proplast-Teflon implants after disk-
ectomy whereas five favored permanent silicone
rubber implants.> A repetition of this survey
in 1987 revealed one using Proplast and four
silicone.

As carly as 1963, Charnley®* warned that
PTFE used as a joint replacement is subject to
abrasion, which produces particles that incite
an mtense foreign-body giant-cell reaction with

tential release of silicone particles and resul
foreign-body reactions.®

Conflicting results were recently reported by
Kalamch and coworkers.”! They studied 68 pa-

res ncerosis or granuloma forma-
tion. In corroboration, Leidholt and Gorman®
found a foreign-body giant-cell granuloma as-
sociated with PTFE fragments between the
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implant and bone interface, resulting in implant
fracture. Jones and Jones® likewise noted in-
tense foreign-body giant-cell reactions at the
PTFE-bone interface, causing necrosis of bone
and loosening of the prosthesis. Virtually every
tissue into which this material has been im-
planted has shown some type of foreign-body
inflammatory reaction. The implantation of
PTFE-C in animal subcutancous tissue resulted
in seroma formation, flap necrosis, fragmenta-
tion of the material, and numerous foreign-
body giant cells. Granulomatous reaction oc-
curred after periurethral injection of Teflon,*
Teflon implantation into the orbit,® Proplast
vascular grafts, and ossicular and laryngeal im-
plants.™ A case of lymphadenopathy following
TM]J arthroplasty with Proplast has been re-
ported.® Significant pathologic changes, such
as a destructive foreign-body granulation reac-
tion resulting in avascular necrosis of the man-
dibular condyle and condylar neck, have oc-
curred in the TM] in association with Teflon-
Proplast.® . 34 4. 4. @ 3% & 8, ® Hoyever, a
survey conducted by Vitek, Inc. in 1986, to
which 322 surgeons responded, revealed that
of a total of 6182 Proplast implants placed
during the previous 3 years, 5644 (91 per cent)
were considered satisfactory, although criteria
for success were not specified (quoted by SL
Bronstein, May and October 1986).

Kent and coworkers® designed a three-layer
Proplast glenoid fossa in which the superior
layer was Proplast I, the middle layer Teflon-
FEP polymer, and the inferior layer Teflon-
PTFE polymer reinforced with graphite fiber.
The prostheses were placed in 192 joints (127
patients) for TMJ reconstruction. The cumula-
tive success rate at 36 to 48 months was 96.11
per cent.

MATERIAL AND METHODS

Sixteen Silastic implants used as temporary
disk replacements were removed at planned
intervals {two implants after 1 month, seven
after 3 months, six after 4 or more months, and
one after 6 months). Adjacent tissues were taken
for histologic evaluation. Another 30 Silastic
implants had replaced TMJ disks for periods
ranging from 8 months to 5 years. These im-
plants were removed because of symptomatic
joints, and the adjacent tissues were obtained
for histologic study. Two dermal grafts, four
dura mater grafts, and six pedicled temporalis
myofascial flaps had replaced the implants.
These joints were reoperated on after 1 year

because the patients became symptomatic.
Nearby tissue also was removed for investiga-
tion.

Twenty-two Proplast implants had been used
for TM] disk replacement. All implants were
removed because of symptomatic joints (six after
1 year, eight after 2 years, seven after 3 years,
and oune after 5 ycars). Two dermal grafts, three
dura mater grafts, and two pedicled temporalis
myofascial flaps had replaced the implants.
After ‘1 or more years, these joints were re-
operated on hecause patients became symptom-
atic, and tissuc was removed for histologic
study.

RESULTS
Silastic Implants

Short-duration Implants

Grossly, the Silastic implants were intact and
were usually surrounded by fibrous tissue. Mi-
croscopically, fragmentation of silicone with
chronic inflammation, foreign-body giant-cell
reaction, and various degrees of fibrosis were
present in the synovium, capsule, and sur-
rounding tissue.

Long-duration Implants

Grossly, the integrity of the implants ranged
tfrom a roughening of the articular surface to
tears and frank perforation. The surrounding

tissue exhibited fibrosis to form fibrous anky-. ‘

losis. The articular surface of both the condyle
and the glenoid fossa displayed irregularity or
erusion. Microscopically, Silastic particles were
dispersed throughout the hyalinized fibrous tis-
sue with chronic inflammation and foreign-body
reaction (Fig. 1). Cartilaginous or osseous trans-
formations or both often were present. In two
cases, the Silastic granules were found within
the macrophages and giant cells in the preau-
ricular lymph nodes. )

Implants Followed by Dermal Graft Placement :

Grossly, the dermal grafts blended with fi-
brous tissue. An irregularity of the articular
surface of the condyle and glenoid fossa was
evident. Occasionally, fibrous ankylosis oc-
curred. Microscopically, patchy Silastic foreign-
body reactions with chronic inflammation were
present. The dermal grafts appeared degener-
ate, hyalinized, and fibrosed.
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Implants Followed by Dura Mater Grafts

Grossly, significant fibrosis and granulation
tissue were evident. The dura grafts usually
could not be recognized. The articular surfaces
of both the glenoid fossa and the condyle ap-
peared irregular with occasional fibrous or os-
'seous ankylosis.” Microscopically, Silastic for-
eign-body  granulomas were dispersed
throughout the tissue. The dura appeared de-
generate, fragmented, or fibrosed, and there
was cartilaginous or osscous -transformation or

Implants Followed by Pedicled Temporalis
Myofascial Flaps
Grossly, mild to moderate fibrosis of the
muscle flap was present. Microscopically, foci

Figure 1. Response to long-term
presence of Silastic. A, Silastic par-
ticles with foreign-body giant cells.
B, Polarized Silastic crystalline par-
ticles in foreign-body glant cells.
(Hematoxylin and eosin stain; origi-
nal magnification % 400)

of Silastic forcign-body granulomas and adjacent
muscle fiber degencration were observed.
Proplast Implants

Grossly, the integrity of the implants ranged
from a rough surface to destruction. The im-

" plants were often dislocated. Tissue reaction to

the implant ranged from significant fibrosis to
granulomatous masses. The articular surfaces of
the condyle and fossa usually appeared irregular
or eroded. Fibrous or osseous ankylosis often
occurred. Microscopically, the tissue showed
scattered  Proplast  particles with significant
giant-cell reaction, chronic inflammatory infil-
trate, and fibrosis (Fig. 2). Cartilaginous or
osseous transformations or both were often ev-
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Figure 2. Proplast foreign-body
reaction with chronic inflammation.
(Hematoxylin and eosin stain; origl-
nal magnification X 250)

ident. In one case, Proplast granules were found
in the macrophages and giant cells in the pre-
auricular lymph nodes.

Implants Followed by Dermal Graft Placement

Grossly, dermal grafts blended with fibrous
and granulation tissues. An irregularity of the
condylar articular surface and glenoid fossa was
seen. Occasional fibrous ankylosis occurred. Mi-
croscopically, marked Proplast foreign-body re-
action with chronic inflammation was present.
The dermal grafts showed hyalinization, degen-
eration, and fragmentation. In addition, carti-
laginous or osseous transformation often oc-
curred.

Implants Followed by Dura Mater Grafts

Grossly, significant fibrosis and granuloma-
tous masses resulted in fibrous and bony anky-
losis. The dura tissue blended with the fibrous
tissue. An irregularity of the condylar articular
surface and the glenoid fossa was often present.
Microscopically, a marked Proplast foreign-
body reaction with chronic inflammation re-
sulted in necrosis or fragmentation of dura
tissue. In one case, an area of casseous-like
necrosis was surrounded by Langerhans’ giant
cells (Fig. 3).

Implants Followed by Pedicled Temporalis
Mpyofascial Flaps

Grossly, granulation tissue and fibrosis were
present. Microscopically, foci of Broplast for-
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eign-body granulomas and adjacent muscle fiber -

degeneration were observed.

DISCUSSION

Early studies with alloplastic implants indi- -

cated that they were biocompatible, and reports
showed high clinical success rates in the TMJ.1%
. 46. 9 Although some degenerative changes in

the joints werc observed radiographically, it -

was thought that these were an expected and
common result of joint surgery. Histologically,
giant-cel) reactions were considered  an indica-
tion of movement of the prostheses rather than
a biologic reaction and it was thought that this
“micromotion” between bone and “coating”
would occur continuously.®

"The growing concern is that the changes
found in the TM]J in conjunction with the in-
sertion of an intra-articular alloplastic substitu-
tion after diskectomy are more severe than

those described in previous reports. Surgical

re-exploration of TMJs with implant prostheses

has been necessary because of recurrent joint -

pain, swelling, or severe occlusal changes and
has shown a physical breakdown of the alloplas-

tic material associated with a foreign-body gran-

ulation response. Although the exact cause of

the forcign-body reaction is not clear, fragmen- .

tation of the implant seems to be significant.
The production of polymeric wear particles is
an inevitable consequence of the gliding move-
ment in artificial joints with plastc compo-
nents.* * Biologically inert block-form materials
induce macrophage migration and a foreign-
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body giant-cell reaction when transformed into
small particles as a result of biomechanical
wear.'” " If the size or amount of particles
exceeds the capacity of the lymphatic system to
remove them, foreign-body granulation tissue
will form around the joint cavity. Localized
tissue destruction then occurs as a result of
macrophage secretion of neutral proteinases,
acid hydrolases, and other enzymes.® ™ De-
structive arthritis is, possible. The extent of
implant damage is variable. All but one of the
removed implants in Eriksson’s study showed
wear facets, and nearly half were perforated or
cracked.!” Twenty-one per cent of the silicone
implants and 46 per cent of the Proplast im-

Figure 3. Caseous necrosis with
Proplast foreign-body reaction in a
dura mater graft. (Hematoxylin and
eosin  stain; original magnification
x 250)

plants were torn in the rabbit study by Timmis
and associates.®® More than half the implants
were cracked or perforated at the time of
planned removal in our study.

The hypothesis of destructive reaction result-
ing from excessive functional overloading of the
implant cannot explain the fact that a foreign-
body giant-cell reaction has been found in the
unloading area after an alloplastic material was
inserted such as a chin or facial implant. It is
possible that foreign-body reactions to alloplas-
tic implants result from an inherent property of
the implants, which may be unable to maintain
their biomechanieal integrity, shedding parti-
cles into the tissue the implant contacts.

Figurc 4. Giant cells containing
both Silastic and Proplast particles in
a lymph node. (Hematoxylin and
eosin stain; original magnification
% 250)
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Figure 5. Responses of dura grafts.
A, Survival of dura graft with Silastie
foreign-body reaction. (Hematoxylin
and eosin stain; original magnifica-
tion x400). B, Extensive degenera-
tion of same graft (upper right) with
Silastic foreign-body reaction (lower
left). (Hematoxylin and eosin stain;
original magnification X 250)

Neel® studied the tissue response to three
types of synthetic implant material—Gore-Tex
(polytetrafluoroethylene), Proplast (Teflon-lam-
inated polytetrafluoroethylene carbon), and po-
rous polyethylene—in New Zealand white rab-
bits. Recipient sites for the implants were the
perichondral space of the pinna, the subcuta-
neous tissue of the face, and the paraspinal
region. Gore-Tex seemed to be better than
Proplast. Gore-Tex is biocompatible in that
histiocytes and foreign-body giant-cell reaction
in the surrounding tissues were minimal,
whereas a profusion of these cells was seen
around the Proplast. Moreover, Gore-Tex re-
tained its structure integrity. This study dem-
onstrated that under the same experimental
condition, the biomechanical or biochemical
characters of implants will greatly influence host
tissue reactions. LT

Excessive functional overloading probably is
an important cofactor that will enhance partic-
ulate formation by implants. An implant must
be completely encapsulated by connective tis-
sue if it is to be successful, probably because
encapsulated implants will be isolated from the
rest of the host tissue, restricting the destruc-
tive rcaction to that area.

Dolwick and colleagues'® have described cell-
mediated immunity to the inciting agent pres-
ent in a foreign-body reaction. Granulomatous
inflammation with foreign-body giant cells usu-
ally originates as an immune reaction to an
offending agent that is nondegradable or diffi-
cult to process and destroy. Timmis and
colleagues™ have also considered that silicone
microparticles may act as a hapten-like sub-
stance, adsorbing tissue or plasma proteins to
fonn un antigen complex. Granulomatous in-

Figure 7. Proplast foreign-body
reaction in a dermal graft. (Hematox-
ylin and eosin stain; original magni-
fication x250)
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Figure 8, Responses of dermal
gralts. A, Survival of dermal gralt
containing sweat gland and its duct.
B, Silastic foreign-body reaction with
chronic inflammation in same graft,
which shows extensive hyalinization.
(Hematoxylin and eosin stain; origi-
nal magnification x 250)
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Flgure 8. Responses of temporalis
muscle flaps. A, Survival of tempo-
ralis flap consisting of skeletal muscle
bundles with Interstitial nerve fibers
and adipose tissue. B, Same flap

h tve d ion with

Proplast foreign-body reaction and
T} rearad fl f 4

and eosin stain; original magnifica-
tion x 250)

flammation will thus be decreased when the
fibrous connective tissue grows into the Im-
plant. However, in a long-term implant, the
histologic constitution of the foreign-body re-
action is mainly macrophages and multinucle-
ated giant cells around the particles of implant
in the fibrotic stroma. The lack of lymphocytes
with the same Inciting agent is difficult to
reconcile with a specific cell-mediated immu-
nity.

Silicone cytotoxicity may have contributed to
the exuberant response seen in the peri-implant
tissue.*® Testing using cell cultures has docu-
mented the cytotoxic effects of these materials.”
A predomti ph is the inevitable
fibrosis in the surrounding tissue. This process
is possibly related to the cytotoxicity of the
implant.* ¥ This reaction has been wused by

‘practitioners with temporary Silastic implants

to keep joint recesses open and to stimulate a
covering of articular bone. Timmis*® and
Eriksson'” and their coworkers have shown that
particles of implant are present in the surround-
ing tissue as early as 1 month postoperatively
with an accompanying giant-cell reaction. The
peak of the foreign-body reaction to implant
particles seems to be around 3 to 4 months.
The tissue response will persist for years as the
implant continues to shed particles.

The giant-cell response has been reported to
extend into bone, muscle, adipose tissue, and
even lymph nodes.® Lymph node involvement
by implant particles is seen not only adjacent
to the joint but also at a distance.® ® % % |,
our series, two cases of preauricular lymph-
node involvement were seen. One followed a
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Silastic implant in the ipsilateral TM]. The
other showed both Proplast and silicone parti-
cles in macrophages in the lymph nodes follow-
ing both implants'in the ipsilateral TM]J (Fig.
4). These widely dispersed microscopic and
macroscopic granulomatous resp are very
difficult to remove totally from the joint and
adjacent tissue and may be part of the reason
for the many repeat failures after surgical re-
moval of the implant. Numerous articles have
emphasized the destructive nature of foreign-
body reactions to interpositional implants, but
no comments have been made about the influ-
ence of residual implant material after the im-
plant has been removed. This study has pre-
sented cases in which residual material has
persisted and contributed to the demise of
subsequent biclogic grafts as long as 5 years
after the removal of the original alloplastic im-
plant.

We abandoned alloplastic interpositional im-
plants in 1985 and have used several autografts
and allografts to repair the damage caused by
the alloplastic foreign-body reaction. Dermis
had been used in 1985 and afterward. Lyophi-
lized dura mater was used for a short time in
1986 then abandoned because of findings of
foreign-body reaction and arthrofibrosis and the
possibility of diseate transmission. Pedicled
temporalis muscle flaps have also been em-
ployed. Both dermis and dura mater showed
partial or complete degeneration, necrosis, and
persistent residual foreign-body reaction (Figs.
5 through 7). Only the pedicled temporalis
muscle fascial flap has shown resistance to for-
eign-body reaction. However, even this graft
has exhibited progressive muscle degeneration
(Fig. 8).

Cartilage and bone formation were relatively

- common findings in addition to the ingrowth of

fibrous tissue. Diminishing vascularity associ-
ated with tssue fibrosis will decrease local
oxygen tension. The fibrous tissue will trans-
form into chondroid or osseous tissue or both.™
Chronic inflammation and foreign-body reaction
in addition to surgical trauma in the joint with
an implant promote the process of fibrosis. That
reaction may be responsible for subsequent
fibrous or osseous ankylosis of the joint.

The foreign-body reaction associated with

PTFE in the TM]J caused more severe osseous
erosions of both the mandibular condyle and
the glenoid fossa than that of Silastic implants.®
In two cases reported by Schellhas and associ-
ates,*” granulation tissue had. eroded through
the temporal bone to the durs of the middle

cranial fossa, Five of our PTFE implant cases
presented a similar severity of complications.

It is now becoming increasingly obvious that
a diagnosis of destructive foreign-body reaction
should be made as carly as possible in order to
minimize morbidity. The results of this and
other studies have demonstrated that both sili-
cone rubber aud Teflon-Proplast are not biolog-
ically acceptable implant materials in the func-
tional TM]J.
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You siiould notify this office in writing within fifteen (15) working
days of your receipt of ihis latter of the specific steps you have
taken tu correct these viclations, vncluding an explanation ¢f cach
step oeing taken to prevent tna recurrance of similar violations. If
corrective action cannot bz completed within fiftean (15) warking
days, state the reason for the delay and the time within wnich the
correction will be completed. A copy of this letter has bdeen provided
to the Denver District Office. We request that the action befng taken
to remove the products from tne market also be reported to them,

APPENDIX 3.—FDA WARNING LETTERS T0 MANUFACTURERS OF JAW
IMPLANTS AND FDA SAFETY ALERT TO DENTISTS

s  JUN 121992

HARNTNG LETTER

Your response to this letter should be sent to FDA, Center for Devices
and Radtological Health, Regulatory Guidance Branch (HFZ-323), 1390
Piccard Drive, Rockville, Maryland 20850, to the attention of

Pr. Eric Latish.

CERTIFIED MAIL-
REQUESTED

br. Andrew Tose Sincerely yours,

President
CeraMed Corporation
12860 West Cedar Drive

Lakewood, Colorado 80228 R#nald ¥, Johnson

Director

Office of Compliance
and Surveti)lance

Center for Devices and
Radiological health

Re: PermaRidge Alveolar Ridge
Hydroxylapatite Matrix

OsteoGraf/AR Alveolar Ridge
hydroxylapatite

Dear Dr. Tose:

It has come to our attention tnat CeraMed Corporation has been
promoting and commercially distributing PermaRidge and OsteoGraf/AR
Alveolar Ridge Hydroxylapatite implants. These products are devices
as that term is defined in Section 201(h) of the Federal Food, Drug,
and Cosmetfc Act (the Act),

Your firm has not submitted a premarket notification for the above o
products, as required by Sectton 510(k) of the Act. Failure to submit §
a premarket notiffcation at least 99 days prior to the intent to 4
market a device {n interstate commerce is a prohibited act under
Section 301(p) of the Act, and results in the davice being misbranded
within the meaning of Section 502(0) of the Act,

Should your Alveolar Rtdge Hyaroxylapatite implant devices be found to j
be not substantially equivalent to existing class I or class Il 3
devices, then they are classified by statute in class III, requiring
an application for premarket approval (PMA) to support the safaety and ¢
efficacy of the devices. Fatlure to submit a PMA application prior to X
marketing a class 111 device adulterates the devices under Section ,
S01(f)(1)(B) of the Act.

Continued atstribution of these devices may result in the misbranding
and/or adulteration of tne devices, which may result in regulatory
actions without further notice. These actions include, but are not
Timited to seizure, injunction, or civil penalties.
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© WARUING LETTER

CERTIFIED MAIL-

FiVURN REQUESTED

Douglas Horgan, U.0.S.
President

Tit) Rescarch Foundation
3343 Foothill, Suite 28
La Cresenta, Califoraia

91214

Re: THJ limplants for Partial or
Total Joint Prosthesas ;

Jear Or. Morgan:

It has come to our attention that you nave puen promsting and
commercially dJistributing temporomandioular joint (TMJ1) implants
intended as partial or total joint prostheses. Thess products arz
medicel devices as tnat term is definad by Section 2C21(h) of the
Federal Food, Drug, and Cosmetic Act (tne Act).

Your firm has not submitted a premarket notification for the zbove ;
iroducts, as required by Section 518(k) of the Act. Failure to subiit ]
a premarket notification at least 92 days prior to the intant to 3
market a device in interstate comerce is a prohivited act under
Section 301{p) of tne Act, and rcsults in the davice veing misbranded

within the meaning of Section 502(0) of the Act., Additionally, your §
firm has not subaiitted an ostaslishment registration nor listed any

devices with the FDA, as requirad by 21 CFR Part 207. Failure to do 4
tnis also misbrands your device within the meaning of Section 502(2).

Should your T™™J devices be found to b2 not substantially equivaleat to]
existing class I or class II devices, then tney are classified by E
statute in class III, requiring an application for premarket appreval 3
(P#A) to support the safety and afficacy of the device. Failure to .3
supait a PMA application prior to marketing a class [II device,
adulteratas your device unger Section SGI(f)(1){8) of the Act.

Continuad distributton of thess devices may result in the misbranding 4f
and/or adulteration of the cevicas, which may result in regulatory :
actions without further nsticc., These actions include, but ar: not
lieited to, seizure, injunctiun, cr civil peaalties,

You should notiiy this offica in writing within fiftean (15) working
days of your receipt of this letter of the specific stops you nave

E Your respense to this letter should
- and Radiological Healtn, Requlatory
i Piccard Drive, Rockville, Marylang
L Yr. Eric Latish.

- Laken to correct these viclations, including an zxplanation of each
i step being taken to preveat tne recurrence of similar violaetions.

¢ corrective action cannot be completed within fifteen (15) working days
L state the reason for the delay and the time within which the

i correction will be completed.
£ to the Los Angeles District Office.
. laken to remove the products from the market also oe reported ta them.

If

A copy of this letter has been provided
He request that action being

oe sent to FDA, Center for Devices
Guidance 3ranch, (MFZ-323), 1290
20880, to the attention of

Sincarely yours,

Ronald ¥, Joanson

virector

Uffice of Compliance
and Surveillance

Canter for Devices ang
Radfological Health
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Your rasponse to this letter should be sent to FDP, Center for Uevices
i and Radiological Health, Regulatory Luidance Sranch, (HF7-323),
| 1390 Piccard Drive, Rockville, Maryland 20850, %o the attention of

CERTIFIED MAJIL
0 - dr. Erfc Latish. ’

REQUESTED

Sincerely yours,
Mr. Richard A. Buss
President

Osteomed Corporation
6062 San Fernando Road

Ronald M. Johnson
Glendale, California 91202

Director

o0ffice of Compliance
and Surveillance

Center for Devices and
Radfological Health

Re: TMJ Implants for Partial or
Total Joint Prosthesas

Dear Mr,_ Buss:

It has come to our attention that Osteomed Corporation has been
promoting and comsercially distributing temporomandibular joint (TMJ}
implants intended ss partfal or total joint prostheses. These
products are wedical devices as that term fs defined fn Section 201(h)
of the Federal Food, Drua, and Cosmetic Act (the Act). )

Your firm has not submitted a oremarket notiffication for the above
products, as required by Sectfon 510(k) of the Act. Faflure to submit
a premarket notiffcation at least 97 days prior to the fnteat to

- market a device in interstate commerce is a prohibited act under
Sectfon 301(p) of the Act, and results in the device hefng misbranded
within the meaning of Sectfon 502{o) of the Act.

Should your TMJ devices be found to be not substantially equivalent to
existfng class [ or class I[ devices, then they are classified by
statute in class 111, requiring an application for premarket approval
(PMA) to support the safety and efffcacy of the device. Faflure to
submit 8 PMA application orior to marketing a class III device,
adviterates your device under Section 501(f)(1)(B) of the Act.

Continued distributfon of thase devices may result in the misdbranding
and/or adulteration of the devices, which may result in regulatory
actions without further notice. These actfons include, but are not
limited to, sefzure, fnjunction, or civil penaltfes.

You should notify this office in writing within fifteen (15) working
days of your receipt of this letter of the specific steos you have
taken to correct these violations, fncluding an exolznation of each
step being taken to prevent tne recurrence of similar viclations. If
corractive actfon cannot be completed within fifteen (15) working days
state the reason for the delay and the time within which the
correction will be completed. A copy of this letter has been drovidec
to the Los Angeles District Offfce. We request that action being
t2iss %o remove the products from the Rarket also be reportad to them.
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RALNG LETTER

CERTIFIED MAIL

URMN RECE REQUESTED

#r. Roger Ammann

President

Techmadica, Inc.

1389 Flyan Road

Camarfllo, Califernia 93012

fa2: T¥J Implants for Partial
Total Joint Prosthcses

Jear Fr. Amzann:

It has come to cur attention that Techmedica, Incorporated hes bee
promoting and commercially distributing temporomandgibular joint (T
implants intended as partial or total joint prostheses. These

products are medical devices as that term is defined in Section 201(
of the Federal Food, Drug, and Cosmetic Act (the Act).

Your firm has not submitted a premarket notification for tne above
products, as requirad by Section 5i0(k) of the Act. Failure to su
a premarket notification at least 90 cays orior to the intaat to
oarket a device in interstate commerce is a prohibited act under
Section 301(p) of the Act, and results in the device being mishrand
within the meaning of Section 502(o) of the Act.

Should your TiJ devices be found to bz not substantially equivale1
existing class I or class 1l devices, thea tney are classifisd by o
statute in class III, requiring an application for premarket approval
(P¥A) to support the safety and efficacy of the device., Failure to 4
submit a PWA application prior to markating a class I11 device, i
adulterates your device under Section 501(f)(1)(3) of the Act.

Continued distribution of these devices may result in the misbrandin-
and/or adulteration of the devices, which may result in regulatory @
actions without further notice. These actions incluce, but are not3
limited to, seizure, injunctiovn, or civil penalties, 3
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Cle A, P : s
Ve JUBagiil e 2adis

You shoula notify tais stibce in writing witnia fiteezn (15) werking
days of your receipt of tnis lettoer of the scecific steps you have
taken to correct these violations, including an explanation of each
sten belng taken to prevent the recurrence of similar violations., If
corrective action cannot be completed within fifteen (15) working days
state the reason for the delay and tne time witnin wnicn tne
corraction will be completed, A ceny of this letter has been srovided
to the Los Angeles District Office, ke request that the action baing
taken to remova the products from the markol also be regorted to them.

Your response to this latter should be sent to FDA, Center for Devices
and Radiclogical Healtn, Regqulatory Sutdance Branch, (®FZ-322), 1390
Piccard Drive, Rockville, Maryland 203255, to the attention of

Ur, Eric Latish,

Sincorely yours,

Ronald ¥, Johnson

Sirector

Office of Compliance
and Surveillance

Center for Devices and
Radiological Health
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T WARARING LETTER
MAY 29 I622 -

CERTIFIED MAIL-
RETURN RECZIPT REQUESTED

Ms. Mary P, Morgan
Presidgent

TiMesh, Inc,

76 Spectruwa Road

Las Vegas, Nevada 32101

Re: T Implants far Partial or
Total Joint Prostheses

Jear Mg, Forgan:

It has come to our attention that TiMesh, lncorporated has heen

promoting and commercially cistributing temporomandibular joint (THJ)
implants intended as partial or total joint prosthases. These x
products are medical devices as that term is defined in Section 2G1(n) }
of the Federal Food, Orug, and Cosmetic Act (the Act),

Your firm has not submitted a premarket notification for the above :
oroducts, as required by Section 51u{k) of the Act. Failure to submit
a4 promarket notification at least 30 days prior tn the intent to
rmarket a device in interstate commerce is a prohibited act under
Section 301(p) of the Act, and results in the device being misbranded -
within the meaning of Section 502(5) of the Act.

Should your TMJ devices be founc tc be not substantially equivalent to
existing class I or class Il devices, then they are classified by b
statute in class III, requiring an application for premarket approval
(PMA) to support the safety and cfficacy of the device, Failure to
submit a PMA application prior to marketing a class I!I device,
adulterates your device under Section S01(f)(1)(B) of the Act.

Continuea distribution of these adavices may result in the misbranding 3
end/or adulteration of the devicas, which may result in regulatory
actions without further notice. Th2se actions include, but are not
linited to, ssizure, injunction, or civil penaltias,

You siculd rotify this office in writing within fiftren {15) working 73
days of your receipt of tnis letter of the spacific steps you have
t2kan to correct thesc violations, including an e¢xplaration of 2acn 3
stop being taken to prevent the recurrence of similar violations., [f 8§
corrective action cannot be comsletas within fiftean (15) working days

Vue T an - Paan

stata tha reason for the delay and the time within which the
correction will be completed. A copy of this letter has been provided
to the San Francisco District Office. We request that the action

s:ing taken to remove tha products from the market also be reported to
them.

Your rasponse to tnis letter snocld be sent to FPA, Center for Devices
and Radivlogical Health, Regulatory Guidance Branch, (HFZ-323), 1390
Piccard Drive, Rockville, Paryland 20850, to the attention of

“r. Eric Latish.

Sinceraly yours,

Ronald M, Johnson

Director

Cffice of -Compliance
and Surveillance

Center for Devices and
Radiological kealth
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service
Food and Drug Administration
Bldg. 20, Denver Federal Center
Post Office Box 25087

Denver, Colorade 80225-0087
303-236-3000 (FTS: 776-3000)

January 27, 1992

CERTIFIED MAIL
RETURN RECEIPT REQUESTED

Robert W. Christensen, Presidant
TNJ Implants, Inc.

17301 West Colfax Avenue, Suite 2783
Golden, Colorado 80401

) WARNING LETTER
Dear Mr. Christensent

puring an ins; ion of your firm T™HJ Implants, Inc., located at
17301 West Colfax Avenus, Suite 273, Golden, Colorado, between
December 16, 1991 and January 7, 1992, Investigator Jose R.
Hernandes determined that your establishwent had failed to
. Provide pre-market notification submissionas (Section 310(k) of
the Federal Frood, Dru!, and Cosmatic Aot) for certain implantable
devices. Our inspection revesled that the manufacturing process
vas significantly altered by TWS Implants, Inc. for the purpose
of rendering the davices sterile. You were informed by
Investigator Hernandes at the time of the inspection that a

.- 'Pre=-market submission is required for such a change in the davice

manufacturing process.

In your January 10, 1992 letter to Mr. Richard Aleman, Director
of Investigations, Denver District, you cite page 329 of the HHS
Publication, "Sterile Medical Davices: A GMP Workshop Nanual" as
Justification for not having to submit a 510(k) pre-market
:““&au;:fww adequate coss hvough change controt

ave ¥, ., ¢ assurance ough e contro
procedures, ... procass validation, personnel training, and
development of routine sterilization|procedurss that those
changes could not affect the safety and effactiveness of the
device...". Our on of your £irm revealed that you did
net properly validate this change in order to assure that
radiation sterilization has not in fact iffected the safety and
effectiveness of your devices.
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™I Implants, Inc.
January 27, 1992
Page 2

The continued marketing of medical devices without complying with
the pre-market notification requirements of Section 510(k) causes
the articles to be misbranded under Section 502(¢)} of the Act.

The continued marketing of these devices may result in resgulatory
action without further notice. These actions include seizure :
and/or injunction. :

Several deviations from the Good Manufacturing Practice

' Regulations (Title 21, Code o” Federal Regulations, part 820)

were noted during this inspection. Those deviations include:

1. Inadequate Quality assurance and audit procedures (21 CFR
820.20(a) & (b))

2. Incomplete device master records (21 CFR 820.181);

3. Inadequate finished device inspection procedures (21 CIR
820.160), and

4. TFailure to perfora adequate complaint investigations (21
CFR $20.198(D)).

The above identification of violations is not intended to be an
all-inclusive list of deficiencies at your facility. 1It is your
responsibility to assure adherence vwith each of the regulations.
Until these violatione ars corrected, Federal agencies will be
informed that FDA recommends ageinst the awvard of contracts for
the affected products. L :

You should notify this office in vwriting, within 15 working days
of receipt of this letter, of the spacific steps you have taken
to correct the noted violations, including an explanation of sach
step being taken to prevent the recurrance of similar violations.
It corrective sction cannot be completed within 15 working days,
state the reason for the delay and the time vithin vhich the
correction will be completed. .
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DEPARTMENT OF HEALTH & HUMAN SERVICES  Public Health Servica

TMJ Implants, Inc.
January 27, 1992
Page 3

rood and Drug Administration
Bldg. 20, Denvar Federal Center
Post Office Box 25087 .
- . Denver, Colorado 80223~0087
303-236-30007 FIS1 776-3000

Your reply should be sent to the Pood and Drug Administration,
Denver District Office, Attention: Regina A. Barrell, Cempliance
Ofticer at the above address.

¥ay 27 ) 1993

Sincerely,

%@W

Duu'iét Director

br. Robert W. Christensen
rresident

™ lants, Inc.

17301 West Colfax Avemus, Suite 278
Golden, Colozado 350401

Y

Dwar Dr. Christensen:

This lettsr is in responss to your corrsspondencs dated March .16,
1992 and April 17, 1992, and as a follow-up to our meeting of
HMarch 10, 1992, As you vill recall during our Narch 10 meeting, ve
discusned the need tw fizm to have validated - the
sterilization zad on the Fossa and Condylar Prosthesis.
i We informed you that without such validation dsta, & presarket
. notification spplication (510(k)) was required to be submitted,

The docusantation you subuitted indicates that you have utilized a
bioburden-of 4.2 cfu's per devioce as the chall for the AAMI Bl
dose satting determinations. Exanination of bicbarden data -
shows that some of the individual devicas tested, tly exceeded
(five times the averags of 4.2) this contamination level. The
utiliration of ¢.3 ofu's and a verification dose of .4 Nrads may

-not ba valid as it appears that your firm has not reliably
dsternined the true bi en levels present on your devices. In
order to support your use of thess lsvels, the results of several
lgt:t:':r which bioburderi lavels ware determined would need to be
acu - .

The package intsgrity testing performed .your firm 4z not
adequate in validating the asaling op-nuonb!. Your fira has not
docusented tha mealing equipment opesrational settings; in order to
dexonstrate the procass, are under contrel and that the settings
are tracesble to the satisfactory package ity results
subnitted. Further, you have failed to submit s operating
prol:odur:- that reflect the operaticndl settings for the packaging
equipment, i ‘

The udomc! of these and other responses made to the FDA 483 list
of observations regarding sterilization and/or GNR {ssues will he
deterxined at the next inspection of your fagility. However, we

Enclosure;
FDA 48)

R & S g,
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TMI Implants
May 27, 1992
Page 2

have determined “that the changas made to devices ars indeed
significant ones which do, in fact, requirs the submission of =
premarket notificatien application,

Aside from the issue :fn""uclunuon,‘ it nas come to our attention
that at a le’ﬂi.ﬂl held in Norristown, New Jerssy, Narch 1993, TW
Inplants advertised that they have mads * \ ta" to
these implants. Thase improvesents includa a changs in the
artioulating surface of the iwplants, as well a changy the
condylar sten geometry in erder to incresss
TOports of stem fracturas. We consider thess changes in the
devices to he significant, as stated sbove, and, therefors, require
a 310(x) f£iling, par 21 Code of Federal Regulatiens, part 807.81
(8)(3)(1). Per the warning letter dated Jamiary 27, 1993, the
continued marketing of medical davices without complying with the
* pre-market notification requirexents of section 510(k), causes the
:rticu:yte‘.:; :::um undar uc::on 502 (o;lgt‘nm Act. ':um
0 Comply W sbove requirements may resu such regulatory
ae:ion as seizure of the devicss or Iinjunction without further
neticse.,

o Sincerely, - _
_Regina A. ngn
Conpliance Officer

boer

BFA 224

BrC 230 : ..

HFF 310 oy

CE ' i
/% 6~30-9

21 9-92

*'!
B Chrone
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DEPARTMENT OF HEALTH & HUMAN SERVICES Pt Hoskh Service
Food and Drug Administrstion
1390 Piceard Drive
Rockville MD 20880
MY 29 B
’ : WARNING LETTER

REQUESTED

Charles A. Homsy, Sc.D.

President and Chairwan of the Board,
Novamed, Inc.

Chairman of the Board,

Oral Surgery Marketing Inc.

3142 Telge Street

Houston, Texas 77054

Dear Dr. Homsy:

After review by our Office of Device Evaluation of your labeling,
catalogues and other material obtained during inspections of your .
companies, we have concluded that Proplast devices (including those made in
whole or 1n part of Pro?1ast I, Proplast II, or Proplast HA) are in
violation of the Federal Food, Drug, and Cosmetic Act (the Act). These
devices include, but are not limited to:

Product Identification

Otoplasty

Glenoid Fossa VK

Mandibular Condyle VK

Ocular Globe (Proplast II) \

Trochanter Pad (Proplast HA)

Staple Cushion Pad (Proplast HA)

Tissue Cusion Pad (Proplast HA)

Other Reconstructtion Block &
Sheeting materfal - -

Preformed lmplants

Other Implants, {.e., mandible,
forehead, maxilla, pectus and
orbital areas

b s g L

A B R
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Page 2 - Charles A. Homsy, Sc.D.

These devices are misbranded under Section 502(o0) in that you have efther;
failed to file a premarket notification submission as required by Sectionj
510(k) of the Act or these devices have undergone significant changes in |
labeling or material composition, which warrant the submission of a new
premarket notification [510(k)]. ]

Mr. Donald Watchko

Furthermore, we note that labeling for your Proplast products contain 1350 Piccard Orive

claims which have not been included in any previous 510(k)'s. These claimg
include references which describe the properties of the Proplast material,
such as “chemically inert; its porosity promotes stabilization enabling as]
much as 80% of implant volume to become tissue without encapsulation, :
sagging or migration.” Labeling also describes Proplast- 11 and HA as being]
“inert, blocompatable, free from observable systemic or cytotoxic effects,}
and aids in the migration of cells, and Proplast HA as osteoconductive." 3

We are not aware of preclinical or clinical evidence to support these
claims. Therefore, if you have any information supported by preclinical &
or clincal evicence from scientificaily valid studies that you wish us toj
consider you must provide the information in new 510(k) submissions filed %
in accordance with 21 CFR 807.81, as outlined in the described format in
21 CFR 807.90.

Continued distribution of these devices may result in the misbranding - cc
and/or adulteration of the devices, which may result in regulatory action
without further notice. Thése actions include, but are not 1imited to,
selzure, 1njunction, civil penalties, and/or automatic detention and

gefusal to permit entry of products offered for entry into the United
tates. . '

Linda Marshall, Esq.
E Alexander & McEvily
5 Post Qak Park

 24th Floor

iHouston, Texas 77027

You should notify this office in writing within fifteen (15) working days:
of your receipt of this letter of the specific steps you have taken to 3
correct these violations, including an explanation of each step being tak 0
to prevent the recurrence of similar violations. A copy of this letter hag
been provided to the Dallas District Office. We request that the action -3
being taken to remove these violative products from the market be reported
to them. €

:Dr. Charles A. Homsy
11526 Raintree Circle
Houston, Texas 77024

Page 3 - Charles A, Homsy, Sc.D.

Case Management Branch, HFZ-322
Center for Devices and Radiological Health
Food and Drug Administration

Rockville, Maryland 20850
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Your response to this Tetter should be sent to:

Sincerely yours,

William H. Damaska

Director
Division

of Compliance Operations

Office of Compliance and Surveillance
Center for Devices and
Radiological Health
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i_/‘ DEPARTMENT OF HEALTH & HUMAN § ke Hoor S - APPENDIX 4.—DOCUMENTS PROVIDED BY MANUFACTURERS ABOUT
“.\. , ERVICES Service SAFETY OF THEIR JAW IMPLANTS

Rockville MO 20857

FDA SAFETY ALERT

SERIOUS PROBLEMS WITH PROPLAST®-COATED TMJ IMPLANT

DOW CORNING

To Oral and Maxillofacial Surgeons: December 28, 1990 ‘June 2, 1992

The Honorable Ted Weiss
Chairman, Subcommittee on Human Resources
and Intergovernmental Relations

This is to urge you to re-examine all of your paticats who have received temporomandibular joint
interpositional implants which were manufactured or marketed by either Vitek Inc. or Oral Surgery Marketing, Inc.
(both of Houston, Texas). These implants were distributed between February 1983 and June 1988 and were the ]

subject of Vitck’s March 23, 1990 safety alert. The patent for this medical device is ly held by Had. - U. S. Government Operations Committee
(British Virgin Islands). Any remaining implants should not be used and should be returned to:° B-372 Rayburn House Office Building
Washington, D.C. 20515-5148
Bonham, Carrington, and Fox
B ruptey Tresies for Viek, Inc. Dear Chairman Weiss:

Thank you for your letter of May 28th offering Dow Corning the
opportunity to provide information for your June 4

PROBLEM: subcommittee hearlng .

These implants, all of which are made of Pmphst‘ (l‘eﬂon.-eubon ot’l‘cﬂon.-alummnm oxide fiber composite,
have been associated with implant perforation, fragmeatation and/or a foreign body response which may result
progressive bone degen:rmon of the mandibular condyle and/or the glenoid fossa (1-3). If bone degenerationd
continues unchecked, patients myexpenencemlennpamanduvudyhmudpmfum One study found
thatall pamtswnh?roplm ~coated TMJ interpositional implants who experienced complications demol
proglmvebomdegcnaammuhnleumwmym(l). lnasceondnudy,lmplam failure and
degeneration d in both symp Muammmucpan:nu @.

As indicated in the attached product brochure and package
insert, Dow Corning developed a temporary 1mp1ant specifically
desaned for treating internal derangements in the
temporomandibular joint or TMJ. Available since 1985, the
Silastic® Temporomandibular Joint Implant HP (Wilkes Design)
differs from other TMJ implants in the following ways:

- It is a temporary implant which should be removed one to
two months after surgery. This modality was specifically
selected to minimize the potential problems occasionally
noted with long-term TMJ implants.

RECOMMENDATIONS:

Because asymptomatic patients miay expericace bone degencration, FDA recommends that all patients with these:

unphnlswhohtvenolhndandwgnphhhnmthcpaﬂuxmthaundugo immediate and appropriate
The examination will assist in determining if loss ol‘ implant integrity has occurred

nadiographic examination.
nfpmgresnveboncdegmuon-ocmmng - This device is a disk used as a temporary spacer rather

than a permanent total joint replacement implant. This
approach was selected because it was known in the medical
community that a permanent device could have
complications in load bearing joints. For additional
information, please reference the enclosed paper from the
American Association of Oral and Maxillofacial Surgeons.

© Ifloss of implant i megmy or progressive bone degencration is not occurting, regular ndlographlc
examinations of the implant should be performed every six months for as long as it remains in the
jaw.

O If cither loss of implaat integrity or progressive bonc degeneratioa is found, explantation may be
* appropriate. If explantation -dm,paumudmld be evaluated 1o determine what alternative
procedures might be appropriaie, ¢.g., 2 nonTmplnsl.cmted impiant, an autologous bone graft,

- The device is fully fabricated from silicone elastomer
ornorephcenm(sympmmmcmmg:mt).

rather than other materials like carbon fiber or teflon.

Dow Corning’s TMJ implant became commercially available in
1985 after receiving FDA 510K approval in 1984. This special
purpose implant was specifically designed solely for the
treatment of TMJ dysfunctions in accordance with the package
insert and is our preferred product for those specific
situations.

DOW CORNING CORPORATION, MIDLAND, MICHIGAN 48686-0995 TELEPHONE 517 496-4000

e e, o
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Dow Corning also provides general purpose silicone sheeting
which is sold to distributors for a variety of applications
This material is sometimes used to prevent soft tissue
tibrosis or bony ankylosis following surgical corrections of
trismus, a condition in which a patient has problems opening
his or her jaw, or related TMF dysfunctions . The attached
product data sheet for Silastic Medical Sheeting makes 1
reference to this application, as well as the many others. It
has been known in the medical community that this sheeting i
not to be used as a permanent interface in load bearing
joints. The attached product data sheet for Silastic® HP
sheeting clearly recommends that this material not be used a
a permanent interface. This additional recommendation was
included to ensure physicians would not infer that they coul
use this newer, more durable form of sheeting as a permanent
interface.

- This summary of non-clinical safety studies of silicone

~ elastomers is directed to dimethylsiloxane elastomers, peroxide

- and platinum-catalyzed, that are relevant to materials used in

. temporomandibular joint (TMJ) applications. Safety studies of

- closely related dimethyl elastomers are also included in the non-
- clinical review.

. ACUTE TOXICITY - These silicone elastomers are not toxic with
L regard to cytotoxicity, U.S.P. Class V, pyrogenicity, skin
* sensitization, hemolysis or thrombogenicity.

4 - Silicone elastomers are without
i teratogenic activity nor do they alter normal reproduction.

In addition to product literature, I am also including the
following: - GENOTOXICITY - Silicone elastomers and elastomer extracts are
¢ genetically inactive in the Ames bacterial reverse mutation

- A summary of our safety research which we developed as a] | assay.

specific response to your request of May 28th.

- - Platinum system elastomer does not have
- lmmunoenhancement or immunosuppression activity in validated
animal models.

- 1384 criteria for TMJ Meniscys Surgery. This paper was
developed by the Ad Hoc Study Group on TMJ Meniscus :
Surgery, under the auspices of the American Association
of Oral and Maxillofacial Surxgeons.

P - Peroxide and platinum system
E'silicone elastomers all associated with a foreign body reaction
characteristic of a broad range of persistent alloplastic

t materials. That is, an early acute inflammatory response is

- superseded by a chronic inflammatory phase (i.e., an infiltrate
i-of predominantly macrophages) that transitions to fibroblastic
-activity and fibrous connective tissue encapsulation of the

' foreign body. A sparse dispersal of macrophages and giant cells
l may persist long-term although this is not characteristic of all
t implantation sites in all animals. This response pattern is the
. same for both intramuscular and subcutaneous implantation sites.

In addition to sending this letter and information via
facsimile, I am arranging to have original copies of our
product literature delivered to Dr. Diana Zuckerman of your
staff on Tuesday, June 2. An original copy of this letter a
the attachments will follow. :

If I can be of any more assistance to you, please do not
hesitate to contact me.

Very truly yours,

Ghok- ) K3o

Robert T. Rylee II
Chairman
Health Care Business

l The results of elastomer implantation studies ranging in duration
k from a few days to 2 years demonstrate that reinforced silicone

- elastomers induce no consistent systemic adverse effects on any

. organ system.

E Elastomer samples measuring 0.1xl cm (0.245 cm?®) and total
| surface areas up to 2 cm, per rat do not induce implantation site
cc: Diana Zuckerman, Ph.D. .tumors (solid-state tumorigenesis) nor an excess of tumors remote

1
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from the implantation site.

ADME -The fumed amorphous silica used as a reinforcing silica
maintains a stable distribution within silicone elastomers.
addition, the surface morphology of the elastomer is not
influenced by up to 6 month subcutaneous implantation.

-In

Silicone sheeting is known to have been used as an intra-
articular spacing material to correct TMJ defects. In addition a
fabricated spacer known as the Wilkes design is manufactured by
Dow Corning Corporation and distributed by Dow Corning Wright.
ISheeting catalog numbers 500, 501 and 502 are
ipolydimethylsiloxane elastomers that are peroxide catalyzed using
£2,4-dichlorobenzoyl peroxide. The basic materials in this
category include MDF-372 (also known as MDX4-4515) and MDF-373
(also known as MDX4-4516). These peroxide-catalyzed elastomers
are compositionally closely related. Safety studies supporting
these materials are summarized below. Another elastomer sheeting
and the Wilkes design TMJ device are both of the platinum-
catalyzed high performance (H.P.) type. Safety data supporting
these materials is summarized following the peroxide systems.

PEROXIDE~CATALYZED ELASTOMERS -
These peroxide-catalyzed elastomers encompass a small number of

products by material number including MDF-372 (also known as
MDX4-4515) and MDF-373 (also known as MDX4-4516). 4

hAcuTe ToxICITY: @ i

Acute toxicity testing of peroxide elastomers includes
fcytotoxicity, U.S.P. Class V, pyrogenicity, sensitization and
hemolysis/thrombogenicity testing.

1. IN VITRQO CYTOTOXICITY -~

Tissue cell culture biocompatibility testing usually employed
WI-38 human embryonic lung cells. The tabulated results
indicate that peroxide system elastomers are not cytopathic
in culture.
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TISSUE CELL CULTURE BIOCOMPATIBILITY

. SUBCHRONIC TOXICITY:

249

MATERIAL DIRECT CONTACT MATERIAL EXTRACTS 8 SUBCHRONIC ELASTOMER IMPLANTATION
GEL SPECIES DOSE DURATION RESULT
MDX4-451 N N !
513 CE . CE pHDX4-4515 Rabbit 4: 0.1x1 cm 3,30,90 FBR
MDX4-4516 NCE NCE I.M. Days
2: 0.1x1 cm 3,30,90 FBR
: S.Q. Days
* NCE = No Cytopathic effect.
MDX4-4515 Rabbit 4: 0.1x1 cm 30,60,90 FBR
U.S.P. CLASS V - I.M. Days
U.S.P. Class V tests have been done for both of the peroxideds 2: 0.1x1 cm 30,60,90 FBR
elastomers. Each elastomer was tested for systemic toxicity gl s.Q. Days I
in the mouse and intradermal toxicity in the rabbit using i
U.S.P. protocols. No adverse effects were seen. ;HDX4_4515 Rabbit 4: Oilgl cm 7’%2;:1 FBR
PYROGENICITY - 2: 0.1xl cm 7,28,91 FBR
. g S.Q. Days
B i lastom; s U.S.P. i ting. ‘ .
oth peroxide elastomers pass U.S.P. pyrogenicity testing MDX4-4515 Rabbit  4: 0.1x1 cm 7,28,91 FBR
I.M. Days
SEN ZATION - .

SIT1 2: 0.1x1 cm 7,28,91 FBR
Both peroxide elastomers have been tested for skin , s.Q. Days
sensitization in the guinea pig using topical contact and i
intradermal FCA injected between the insult and challenge  MDX4-4515  Rabbit 4: 0.1x1 cm 7,28,91 FBR
applications of silicone gel. There was no evidence of I.M. Days
s i i for any of the silicone gel formul S.

ensitization y e co g ulation 2: 0.1x1 em 7,28,01 FBR
S.Q. Days
I THROMBOGENICITY -
HEMOLYSIS AND 0 K MDX4-4516 Rabbit 4: 0.1x1 cm 10,30,90 FBR
MDX4-4515 has been tested directly and as saline extracts for 1 I.M. Days
hemolyti tivity using rabbit blood. This ela r is no
hemolggig.ac y 9 stome 2: 0.1x1 cm 10,30,90 FBR
S.Q. Days

MDX4-4515 has been assayed for thrombogenicity in a closed
cell kinetic blood coagulation test using dog blood. This

elastomer was found to not be more thrombogenic than a
reference elastomer.

* 4 rods I.M. and 2 rods S.Q. per animal.
# FBR = Foreign Body Reaction.
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These subchronic studies indicate that peroxide system silicone
elastomers are associated with a foreign body reaction
characteristic of a broad range of persistent alloplastic

materials such as the U.S.P. polyethylene employed as the control i

material in these studies. That is, an early acute inflammatory
response is superseded by a chronic inflammatory phase (i.e., an
infiltrate of predominantly macrophages) that transitions to

fibroblastic activity and fibrous connective tissue encapsulation i
of the foreign body. A sparse dispersal of macrophages and giant o

cells may persist long-term although this is not characteristic
of all implantation sites in all animals. This response pattern
is the same for both intramuscular and subcutaneous implantation

sites.

CHRONIC TOXICITY:

Three chronic peroxide-catalyzed elastomer studies are available
as summarized in the following table.

CHRONIC ELASTOMER IMPLANTATION

MATERIAL SPECIES DOSE DURATION RESULT
MDX4-4515 Dog 5 dogs, Wafers, 3 Year FER #
I.M. & S.Q.
Perforated and
not Perforated
MDX4-4515 Rat ~0.1xl cm Rod 2 Year NAE ##
S.Q.
10 Year FBR with

MDX4-4515 Dog

2 Dogs
Amputation Stumps Particle Generation

# FBR = Foreign Body Reaction.
## NAE = No Adverse Effect.
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BLATINUM~CATALYZED ELASTOMERS -

These dimethyl elastomers are of the tear resistant high
performance type and are classified as system D elastomers; i.e.,
platinum catalyzed. Safety studies are also available for
several other elastomer products that contribute to an
undgrstaqding of the safety of system D elastomers. The product
designations are Q7-2423, Q7-2222, Q7-2383, Q7-2412, Q7-2424, Q7-
2566, Q7-2722, Q7-2743, Q7-2744 and MDF-0077 and MDF-0081. All
of these elastomers are closely related using the same elastomer
base, amorphous silica filler, silicone plasticizer, catalyst,
cro;s-linker.and inhibitor in varying ratios to achieve the
desired physical properties. In addition, some of these products
contain additives such as water and barium sulfate to impart
radiopacity.

i ACUTE TOXICITY:

i Acute toxicity testing of system D elastomers includes

eye/skin/oral, cytotoxicity, U.S.P. Class V, pyrogenicity,

t sensitization and hemolysis/thrombogenicity testing.

1. IN VITRO CYTOTOXICITY -

Tissue cell culture biocompatibility testing usually employed
WI-38 human embryonic lung cells. The tabulated resultg Y
indicate that system D elastomers are not cytopathic in

Culture.
TISSUE CELL CULTURE BIOCOMPATIBILITY
MATERIAL DIRECT CONTACT MATERIAL EXTRACTS
Q7-2222 NCE NCE
" Q7-2352 NCE NCE
Q7-2412 NCE NCE
Q7-2423 NCE NCE
Q7-2424 NCE NCE
Q7-2566 » NCE ‘ NCE
Q7-2643 NCE ‘ NCE
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TISSUE CELL CULTURE BIOCOMPATIBILITY (CONT)

MATERIAL DIRECT CONTACT MATERIAL EXTRACTS
Q7-2722 NCE NCE
Q7-2743 NCE NCE

Q7-2744 NCE NCE
MDF-0077 NCE -

MDF-0081 NCE NCE

* NCE = No Cytopathic effect.

U.S.P. CLASS V -

U.S.P. Class V tests have been done for 11 of the 12
elastomers listed in the preceding table. Each elastomer wa
tested for systemic toxicity in.the mouse and intradermal
toxicity in the rabbit using U.S.P. protocols. No adverse
effects were seen.

PYROGENICITY - )

Ten of the 12 system D elastomers have passed U.S.P.
pyrogenicity testing.

SENSITIZATION ~

Ten of the 12 system D elastomers have been tested for skin:
sensitization in the guinea pig using topical contact and
intradermal FCA injected between the insult and challenge

applications of silicone gel. There was no evidence of
sensitization for any of the silicone gel formulations.

HEMOLYSIS AND THROMBOGENICITY -

Q7-2566, Q7-2643 and Q7-2743 have been tested directly and as}

saline extracts for hemolytic activity using rabbit blood.
Neither elastomer was found to induce hemolysis. i

Q7-2383, Q7-2424,Q7-2566 and Q7-2643 have been assayed for
thrombogenicity in a closed cell kinetic blood coagulation
test using dog blood. These elastomers vere found to not be

253

more thrombogenic than a reference elastomer.

1 TERATOLOGY /REPRODUCTION:
. Elastomer Q7-2423/Q7-2551 was tested for teratogenic potential in

the rabbit. U.S.P. polyethylene and a viscous solution of

- carboxymethylcellulose served as the control materials. All

materials were implanted subcutaneously 6 weeks prior to
insemiration -in groups of 25 rabbits. There were no significant

 treatment-related effects on adult female appearance, behavior,

body weight change or necropsy findings for the silicone
elastomer group. No developmental effects including

' teratogenicity were observed in the litters in the treatment

group implanted with Q7-2423/Q7-2551.

i Elastomer Q7-2159A/Q7-2551 has been the subject of study

regarding reproductive effects and teratogenicity in a one-

- generation rat reproduction study. No adverse effects were

reported.

| GENOTOXICITY:

MDF-0077 has been evaluated for mutagenic activity in the Ames

L bacterial reverse mutation assay using .
¢ There was no evidence of genetic activity for DMSO, ethanol or
| saline extracts of MDF-0077.

| IMMUNOLOGY :
1. NONSPECIFIC IMMUNE SYSTEM EFFECTS -

An imbalance in the regulatory network of the immune system
may result in immune enhancement; e.g., hypersensitivity, or
suppression; e.g., decreased resistance to infection.
Silicone elastomer Q7-2423 was tested in mice for a
nonspecific (constitutive) modulation of the immune system
using a Listerja host resistance assay which primarily
assesses competency of T lymphocytes and macrophages. This
assay has been validated by the National Toxicology program.
Female mice received cured 0.1 cm x 1 cm rods of elastomer
subcutaneously at 1 rod per mouse (surface area = 0.245 cm?).
This is equivalent to 863 cm® elastomer surface area
normalized to a 50 kg human. The surface area of one Dow
Corning teardrop mammary implant is 401 cm?.
Immunosuppression was demonstrated using cyclophosphamide and
immunoenhancement using ium parvum. Resistance
to Listeria infection was evaluated in terms of life-span and

9
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mortality 10, 45 and 90 days after elastomer implantation. SUBCHRONIC TOXICITY:

No treatment-related effects were found whether the data were UBCER
evaluated separately or collapsed over the 3 exposure periods. S ONIC ELASTOMER IMPLANTATION
Therefore, it was concluded that elastomer Q7-2423 under the

conditions of the assay has no effect on immune competence. GEL ;SPECIES DOSE ﬁURATION RESULT
2. SPECIFIC IMMUNE SYSTEM EFFECTS - Q7-2222 Rabbit 4: 0.1x1 em 3,10,30,90 FBR #
I.M. Days

Silicone elastomer Q7-2423 was tested for immunologic

sensitization potential in a granuloma model utilizing immunes 2: 0.1x1 cm 3,10,30,90 FER
° hd ’ ’ ’

deficient nude mice (nu/nu) and their immunologically normal 5.0
heterozygous littermates (nu/+). In this model the challeng o Days
granulomatous reaction at the site of material implantation Q7-2352 Rabbi .

in mice previously exposed to the same material can be abbit 4: Oilgl cm  10,30,90 FBR
distinguished as being immune regulated or a classic foreign o5t Days

body reaction that is not immune dependent. While a 2: 0.1x1

granulomatous reaction that is a simple foreign body reactio * s p ¢m 10,30,90 FBR
is not distinguishable from an immunologically regulated o Days

granuloma on morphologic grounds alone, the latter exhibits Q7-2412 R ; .

memory. That is, the granulomatous response in a sensitized abbit 4: 0&113 cm 7,28,91 FBR
host is accelerated and/or amplified. Fe Days

Q7-2423 was implanted subcutaneously as described above in 2: Oélgl cm 7,28,91 FBR
nu/+ and nu/nu mice followed with a challenge implantation-o. o Days

Q7-2423 at the same dose at 28 days. At 2, 6 and 13 weeks Q7-2423 Rabbi .

thereafter the challenge implantation sites were evaluated abbit 4: Oilzl cm 10,29,90 FBR
with regard to capsule thickness, cellular composition, ofe Days

capsule cellularity and capsule connective tissue maturity. .

Comparisons of the sensitized (Q7-2423 + FCA) versus the non; 2 Oélgl cm 10,29,90 FBR
sensitized (sham + FCA) mice were made for each mouse strain ohe Days

and exposure period using a series of statistical approache 7-2566 ; .

that is, chi-square, Mantel-Haenszel and Fisher's exact ' Q Rabbit 4: °i1:1 cm 3rég§g°r90 FBR

test). No PDMS treatment-related effects were observed for;

any of the 4 histological parameters measured. 2: 0.1x1 cm 3,10,30,90 FBR
* e ’ ’ ’

Based on these findings it was concluded that the S.Q. Days i
granulomatous response to Q7-2423 is of the classic foreign Q7-2743 Rabbi . &
body reaction type and not an immunologically active t 4: °i1;1 cm 10,30,90 FBR i
inflammatory response. oM ~ Days :
These studies of effects on the immune system demonstrate that 2: Oélgl cm 10,30,90 FBR :
silicone elastomer Q7-2423 is not inherently an immune adjuvant o Days [
nor does Q7-2423 at a relatively large subcutaneous dose cause :
immunoenhancement or immunosuppression in appropriate animal
models.
10 11



SUBCHRONIC ELASTOMER IMPLANTATION (Cont)
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parameters. Biocell was intermediate in the degree of response |
and generally to a greater extent than observed for micropillared H
silicone elastomer.

CHRONIC TOXICITY:

Several chronic elastomer studies are available as summarized in
the following table.

GEL SPECIES DOSE DURATION  RESULT

Q7-2744 Rabbit 4: 0.1x1 cm 10,30,90 FBR
I.M. Days

2: 0.1x1 cm 10,30,90 FBR
s.Q. Days

MDF-0081 Rabbit 4: 0.1x1.5 em 7,28,91 FBR
I.M. Days

2: 0.1x1.5 cm 7,28,91 FBR
S.Q. Days

" 4 rods I.M. and 2 rods S.Q. per animal.
# FBR = Foreign Body Reaction.

These subchronic studies reviewed here indicate that silicone
system D elastomers are all associated with a foreign body
reaction characteristic of a broad range of persistent
alloplastic materials such as the U.S.P. polyethylene employed as
the contrcl material in these studies. That is, an early acute
inflammatory response is superseded by a chronic inflammatory
phase (i.e., an infiltrate of predominantly macrophages) that
transitions to fibroblastic activity and fibrous connective
tissue encapsulation of the foreign body. A sparse dispersal of
macrophages and giant cells may persist long-term although this
is not characteristic of all implantation sites in all animals.
This response pattern is the same for both intramuscular and
subcutaneous implantation sites.

Another subchronic study in rabbits was designed to compare the
local tissue response of the smooth silicone elastomer with the
micro-pillared silicone elastomer.

Groups of 4 rabbits were implanted subcutaneously with one cm
disks of elastomers as well as disks of material from competitive
products; i.e., Biocell and the Meme polyurethane coated shell.
Groups were sacrificed at 7, 28, 56 and 91 days after
implantation for histopathologic evaluation of the local tissue
response.

There was a continuum of local foreign body response with the
Meme polyurethane eliciting the greatest degree of acute and
chronic inflammation, capsule formation, nonaligned fibroblast
organization, disruption of capsule collagen geometry and
incidence of implant material particulates. The smooth silicone
.elastomer elicited the least response for all measured

12

CHRONIC ELASTOMER IMPLANTATION

MATERIAL SPECIES DOSE DURATION RESULT
Q7-2566 Rabbit 25 mg/Animal 1l Year FBR # {
Knee Joint :
25 mg/Animal 1 Year FBR
.M.
Q7-2383 Rabbit 25 mg/Animal 1 Year FBR
Knee Joint
25 mg/Animal . 1 Year FBR
.M.
MDF-0077 Rat “0.1x1 cm Rod 2 Year NAE#*
s.Q.
Q7-4750 Rat "6: 0.1lxl cm Rods 2 Year NAE
s.Q.
Q7-2423 Rat 8: 0.1x1 cm Rods 2 Year In-Process
s.qQ.
MDF-0082 Dog 6: Rectangles 2 Year FBR
MDF-0083 Dog 6: Rectangles 2 Year FBR
MDF-0084 Dog 6: Rectangles 2 Year FBR {
MDF-0085 Dog 6: Rectangles 2 Year FBR é
MDF-0086 Dog 6: Rectangles 2 Year FBR I

13



258

CHRONIC ELASTOMER IMPLANTATION (Cont)

MATERIAL SPECIES DOSE DURATION RESULT
MDF-0087 Dog 6: Rectangles 2 Year FBR
MDF-0088 Dog -6: Rectangles 2 Year FBR
MDF-0089 Dog 6: Rectangles 2 Year FBR
MDF-0099 Dog 6: Rectangles 2 Year FBR
Q7-2383 Rabbit 25 mg Particles 1 Year Granulomas

Joint Injection

1.

Number of elastomer rods/animal.
# FBR = Foreign Body Reaction.
#* NAE = No Adverse Effect.

" TWO-YEAR RAT SUBCUTANEOUS IMPLANTATION STUDY OF MDF-0077 -

ONE-YEAR RABBIT IMPLANTATION STUDY OF Q7-2566 AND Q7-2383 -

Groups of 15 rabbits were implanted as outlined in the above

table using elastomer spallation particles. There was a sham
control group. Groups were sacrificed at 2, 4, 12, 24 and 52
weeks after implantation for histopathologic evaluation of
the implanted paravertebral muscle and knee synovium and
perisynovial connective tissue. Inguinal lymph nodes were
also examined. The contralateral knee was examined as well.
The reaction at the muscle site was a typical foreign body
reaction as described previously. At the synovial and

perisynovial sites the reaction varied from essentially none .

to a relatively mild inflammatory reaction; i.e., a
granulomatous reaction. There was no evidence of pathologic
change in the contralateral knee suggestive of an absence of
a systemic immunologic reaction. There was no pathology
observed in the inguinal lymph nodes.

Groups of 50 male and 50 female rats were implanted
subcutaneously with MDF-0077 in a study contracted to
Industrial Bio-Test. The precise dimensions and number of
elastomer rods is not clearly stated in the study report but
was most probably a single rod per animal measuring 0.lxl cm
U.S.P. polyethylene served as the control material. No
adverse material-related effects were observed with regard t
mortality, gross pathology or the types and incidence of
tumors. This study does not conform to GLP regulations.

14

259

- T~
TWO-YEAR RAT SUBCUTANEOUS IMPLANTATION STUDY OF Q7-4750 -

Q7-4750 is a system D (that is, platinum catalyzed) elastomer
that differs from Q7-2423 only in that Q7-4750 is formulated
with hexamethyldisilazane (HMDZ) while Q7-2423 is formulated
without this reactive dimer. 1In final composition these
elastomers are virtually identical in that HMDZ does not
survive cure conditions.

A 2-year rat implantation study of Q7-4750 was recently
completed and conformed to GLP regulations throughout.
Groups of 50 rats per sex were implanted with 6 implants
measuring 0.1xl cm. Control groups of 60 rats per sex
received an equal number of U.S.P. polyethylene rods as a
material control. Two rods were placed I.M., 2 I.P, and 2
S.Q. There were no treatment-related adverse effects in
terms of body weights, food consumption, mortality, clinical
chemistry, hematology, organ weights, gross pathology or
histopathology including tumor types or incidence. The
absence of site-associated sarcomas demonstrated that the
size and total surface area (1.47 cm?) of material implants
falls below the threshold for solid-state tumorigenesis to be
a detectable event.

TWO-YEAR RAT SUBCUTANEOUS IMPLANTATION STUDY OF Q7-2423 AND
Q7-2551 -

The in-life phase of a 2-year rat implantation study of Q7-
2423 and Q7-2551 was completed in January, 1991 and conformed
to GLP regulations throughout. Groups of 60 rats per sex
vere implanted subcutaneously with 8 implants measuring 0.1 x
1l cm. Control groups of 60 rats per sex received an equal
number of U.S.P. polyethylene rods as a material control. At
the present stage of data analysis there are no known
treatment-related adverse effects in terms of body weights,
food consumption, mortality, clinical chemistry, hematology
or organ weights. Histopathology is in-process.

TWO-YEAR IMPLANT STUDIES WITH SILASTIC MATERIALS IN DOGS -

Groups of 3 male and 2 female beagles were implanted S.Q.,
I.P. and I.M. with various combinations of a series of 9
system D elastomers. The elastomer samples were prepared as
rectangles varying in size from 5/8 x 1 1/4 inches to 7/8 x 1
3/8 inches. A control group was not included. One dog of
each sex in each group was sacrificed at 6 months after
implantation and the remaining animals were sacrificed at 2
years. The implantation sites and selected tissues were
examined histologically. No abnormal clinical signs were
observed throughout, body weight was not affected and no

15
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changes in organ weights were noted. The reaction at the
implantation sites was a typical foreign body reaction with
fibrous encapsulation and chronic inflammation. Chronic
inflammation was generally more evident at 6 months than at 2
years.

On the basis of these subchronic and chronic studies of closely
related dimethyl system D elastomers it is concluded that:

1. Silicone system D elastomers are all associated with a
foreign body reaction characteristic of a broad range of
persistent alloplastic materials such as the U.S.P.
polyethylene employed as the control material in these
studies. That is, an early acute inflammatory response is
superseded by a chronic inflammatory phase (i.e., an
infiltrate of predominantly macrophages) that transitions to
fibroblastic activity and fibrous connective tissue
encapsulation of the foreign body. A sparse dispersal of
macrophages and giant cells may persist long-term although
this is not characteristic of all implantation sites in all
animals. This response pattern is the same for both
intramuscular and subcutaneous implantation sites.

2. The results of elastomer implantation studies ranging in
duration from a few days to 2 years demonstrate that
reinforced silicone elastomers induce no detectable systemic
adverse effects on any organ system.

3. Elastomer samples measuring 0.1xl cm (0.245 cm?) and total
surface areas up to 2 cm® per rat do not induce implantation
site tumors (solid-state tumorigenesis) nor an excess of
tumors remote from the implantation site.

ABSORPTION/DISTRIBUTION/METABOLISM/EXCRETION (ADME) ~

Silicone elastomers are not subject to possible systemic
distribution as might occur with PDMS or silicone gel. However,
there has been speculation that the fumed amorphous silica used
as a reinforcing filler in silicone elastomers may be available
for distribution. This hypothesis has been evaluated by
examining elastomer samples implanted subcutaneously in mice for
up to 6 months for evidence of filler redistribution within the
elastomer and for signs of change in the surface topography of
the elastomer.

There wvas no degradation or surface modification of the elastomer
observed using transmission electron microscopy at 1, 3 or 6
months after subcutaneous implantation. No alterations in silica
distribution within the body of the elastomer or at the surface
_were observed at any time point.

16
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. Therefore, this study demonstrated that the £
t silica used as a reinforcing silica maintains

distribution within the silicone elastomer.
surface morphology of the elastomer is not in
month subcutaneous implantation.

17

umed amorphous

a stable

In addition, the
fluenced by up to 6
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techmedica
A company of SULZERMEICO

June 2, 1992

Diana Zuckerman

Congress of the United States

House of Representatives

Human Resources and

Intergovernmental Relations Subcommittee
of the Committee on Government Operations
Rayburn House Office Building, Room B-372
Washington, DC 20516-6148

Dear Ms. Zuckerman:

Techmedica has designed and produced a limited number of
patient specific Custom TMT prostheses over the past 3%
y:ar- for patients with severe degenerative TM Joint
disease.

These implants employ biomaterials that have a long clinical
history of successful use in orthopedics for reconstructing
joints such as the hip and knee.

As in orthopedics, the goal of TM Joint replacement is to
reduce pain while improving mobility, function, and
alignment of the affected limb or part.

* It has been Techmedica's perception that the clinical
problems associated with previous alloplastic (artificial)
TMJ prosthesis were a result of ptor-implant material
selection as well as use outside of the proper clinical
utility where a more conservative treatment may have been
preferable. :

- These implants have been available to a limited clinician
group so as to facilitate patient follow-up at prescribed
intervals. Although Techmedica actively pursues patient
follow-ups there are invariably those patients that will
become lost to this program. Fortunately data has and is
currently being collected for the vast majority of these
patients so as to evolve this product in a controlled and
scientific way.

1380 Fiynn Road ® Camarilto, Catifornia 93012-8016 # Tel: (805)987-0466 & {800)541-9511 @ (B00)732-8535( 4

Fax: (B05)987-4111
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Diana Zuckerman
June 2, 1992
Page 2

Enclosed you will find clinical follow

patients over a ‘two-year period.

materials for implants.

Sincerely,

B Srme—

Dave Samson
Regulatory Affairs Manager

DS/cc
Enclosures

~up information for es
Also enclosed, are the
terials comprising these

R ot o o g S s S
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TECHMEDICA CAD/CAM TOTAL TMJ PROSTHESIS
ANALYSIS OF DATA TO DATE, JUNE 1, 1992

LOUIS G. MERCURI, DDS,MS
CHICAGO, ILLINOIS

There are a total of 95 patients in the data set of this closely monitored
limited clinical study. The average age of the patients is 42.02 (22 - 64)
years. There are § males and 90 females with a total of 159 joints treat
These patients have averaged 10.3 (0 - 30) years of TMJ problems and
undergone a mean of 5.32 (0 - 22) prior unsuccessful surgeries.

There has been 24 months of pre and post operative data that has been
collected to date using a standardized data collection format. Subjective
data: pain, function of the mandible, and diet, are collected using a visual ¥
analogue scale (VAS) to objectify this data. Objective measures of ‘
mandibular range of motion read as interincisal opening and left and right
lateral excursions were directly measured from the patient pre and post
operatively.

Preliminary analysis of this data reveals a statistically significant decreas

in pain (p<.004), increase in function (p<.002), and increase in diet '
(p<.007). There was improvement in mandibular range of motion record
as well. ’

Tissue removed from the articular surfaces of a prosthesis functioning i
patient 2 years post CAD/CAM placement during the revision of scar tiss|
from around the joint revealed no evidence of a tissue reaction, or the
fragments of metal or polyethylene when this tissue was examined
histologically.

There have been 9 (5.6%) joints in which complications have been
reported. One post operative wound infection requiring removal and i
replacement of the prosthesis; 3 early prostheses that did not fit properiy}
and had to be remade; 3 prostheses in which the ramal component screw
loosened necessitating replacement; and 2 early cases of condylar
dislocation from the prosthetic fossa. This problem has been resolved
a design change which added a lip to the anterior of the fossa. There
been no cases of breakage, material or mechanical failure.

vFeHow, Nuffield Orthopaedic Research, North Ame
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Materials and
Orthopaedic
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B.M,, B.Ch., Ph.D., M.R.C.P.,, F.R.C.S.(C)
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124 MATERIALS AND ORTHOPAEDIC SURGERY

Winter and Shirley,™ described large numbers
of orthopaedic implants after removal from hu-
man implantation. They reported the incidence
of corrosion of metallic combinations of different
austenitic stainless steel alloys (e.g., 18% chro-
mium-8% nickel alloy with 18% chromium-8%
nickel and 2.5% molybdenum) and of combina-
tions of austenitic stainless steel alloys with a
cobalt-chromium-molybdenum alloy. The alloys
in combination did not show an increased inci-
dence of corrosion compared to their behavior
when used alone. Indeed, for combinations of
stainless steel alloys, mutual protection seemed
to be conferred by the combination. More re-
cently, Cohen and Wulff™ have reported obser-
vations of the corrosion of a combination of a
wrought cobalt-chromium-tungsten-nickel alloy
with a cast cobalt-chromium-molybdenum alloy.
Crevice attack was observed in the former alloy
but not in the latter material. Laboratory tests
were undertaken in which Teflon gaskets were
applied to specimens of each cobalt-chromium
alloy to form crevices between the metal and the
polymeric material. The specimens were im-
mersed individually in solutions of sodium chlo-
ride. Potential-time studies and metallographic
observations showed that the cobalt-chromium-
tungsten-nickel alloy underwent crevice attack,
while the cobalt-chromium-molybdenum alloy
did not undergo similar corrosion. The experi-
ments confirm that the crevice corrosion in pas-
sive metals is provoked by the presence of a
crevice on a susceptible alloy and not by the
presence of dissimilar passive alloys.

Recently two types of total hip replacement
have utilized combinations of dissimilar metals.
The Miiller type of total hip replacement,”’ uses
a cast cobalt-chromium alloy femoral head pros-
thesis welded to a wrought cobalt chromium
alloy intramedullary stem. More recently, the
latter alloy has been replaced with a titanium
alloy (Ti-6A1-4V), also welded to the cobalt-
chromium femoral head prosthesis. Both com-
binations have performed satisfactorily. The
Russin modified Sivash prosthesis'' has com-
bined a similar cast cobalt-chromium alloy with
titanium. Again, this combination of materials
has performed satisfactorily in the clinical situ-
ation. Similar observations are required for
other potentially useful combinations of dissim-
ilar surgical alloys.

Effects of Galvanic Currents on Tissues
and Cells

There has been widespread speculation on the
effects of corrosion currents on tissues and cells,

although few facts are available. Corrosiont
alter cells in at least three ways: {(a) the met
dissolution products may affect cell metabql
and thereby damage extracellular matri
(b) corrosion may be accompanied by ¢
in the chemical environment of the cell, su
the production of hydrogen ions or hydrox
or the evolution of a gas such as hy
oxygen or chlorine; and (c) the corrosi
rents may affect cell behavior,

The first two factors are fully revi [
Chapter 7. For cells exposed to metals singly
in combination, toxicity would be a fun
the rate of the dissolution process of a part
dissolving anode and not of the presen
combinations of metals. At present, th
of electric currents on cell behavior are
intense scrutiny. Observations of the effef
applying direct or alternating current
cultures reveal a variety of potentially beng
as well as potentially harmful actions, i
induction of osteogenesis, alignmen
domly oriented collagen fibers, transfo
of red cell precursor cells into fully difféfs
red cells, and stimulation of neuron
events. While the last mentioned
the most attention as an adverse sid
implanted dissimilar metals, it is mo
to be clinically significant for the co:
of metals recommended in this chap! i
the magnitude of electric power
neuromuscular stimulation is orde:
tude greater than corrosion currents
the recommended combinations of i
loys. Ultimately the toxicity of corrost
tials between dissimilar implant alloy
assessed in the clinical situation. In
studies performed to date, the autl
aware of any deleterious biological’
implantation of combinations of th
ommended here. ;

Conclusion

Even a cursory glance at presen
attempts to replace or repair huma
man made devices will show the, eng]
vantage of the simultaneous use o
alloys, each selected for its particula
attributes. In many cases, nonmg
stances will also be required. A care
the electrochemical and biologica
combinations of alloys shows that
of passive alloys may be safely
vivo. Admittedly, in the absence of
edge of the properties of metals
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Component wear of total knee prostheses
using Ti-6Al-4V, titanium nitride coated

Ti-6Al-4V, and cobalt-chromium-molybdenum
femoral components

C.D. Peterson, B M. Hillberry, and D. A. Heck*
Sc huf!l of Meclanical Euginccriug, Purdue University, West Lafayetie, hudiana 47906

A knee simulator was used to studv the
wear of carbon fiber reinforced UHMWPE
(oly Two) (Poly Two is a registered trade-
mark of Zimmer, USA) tibial and patellar
components against Ti-6AI-4V, titanium
nitride (TiN)-coated Ti-6Al-4V, and cabalt-
chmmium-nmlylu.‘lcnum femoral compo-
neats. The prostheses tested were regular
sized Miller-Galante total knees mounted
on 3I6L stainless steel fixtures using bone
cement. An cavironmental chamber sur-
rounded the knee and maintained bovine
serum lubricant at"37°C. The specimens
were tested using consecutive blocks of 464
level walking steps, 8 ascending stairs and
8 descending stairs for a total of 100,000
steps. The wear mechanisms found on the
tibial components were scratching, carbon-
fiber associated damage, surface defor-

mation, pitting, minor abrasian, and
delamination. Three farms of carbon fiber
associated damage were identified: {ibers
pulled from the surface, braken fibers, and
l'_JHMWl‘E removed from the surface
libers. The SEM evaluation revealed a pit
forming mechanism. No carrelation was
found between femaral camponent mate-
rialand tibial surface damage. Visual exami-
nation of the femaral companents revealed
no signs of wear ar scratching on the
cobalt-chromium-malvbdenum ar TiN-
coated Ti-6Al-4V cnmp(;ncnls. There were,
however, many light surface scratches
on the uncoated Ti-6A14V campanents,
which were also observed in a supple-
mentary test of an uncoated Ti-6Al-4V
component tested with a conventional
polyethylene tibial component.

INTRODUCTION

Thgre has been considerable interest in the use of titanium, and especiall
thg Ti-6Al-4V alloy, for orthopedic implants because of its biocompatibilit )
fatlgt{e strength, and corrosion resistance. However, there has been somycl-
question of the wear resistance of Ti-6Al-4V against ultrahigh molc:cular
weight polyethylene (UHMWPE).! A number of studies have been con-
ducted which evaluate the wear of Ti-6A1-4V and UHMWPE combinations
under ciean conditions and with acrylic contaminants.? Within these studics
a nurpb‘er‘ of wear-resistant surface treatments have been evaluated, includ-
Ing nitriding, ion implantation, and special passivation techniques.-;" These

. . . . .
Associate Professor, Indiana Umvcrsny Medical Center, lndianapolis, Indiana.

Journal of Biomedical Materials Research, Vol. 22, 887-9¢
A , .22, -903 (1988
Q 1988 John Wiley & Sons, Inc. CCC (()021-2)304/88/010887-17304.00
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studies have been run under s[iding conditions: either pin-on flat or hlp
i tor studies, o
Sms\:ll:ies of theswear of Ti-6Al-4V against UHMWPS have h:i:z:g:;g:g
results. Rostoker and Galante'* found that Ti«éAl'4 Sfe:i:; ns exhibited
scratches, black deposits, and abnormal wear in two s ;l These saport
wearing against UHMWPE using a disk-on-flat "890“:9 :’Y; s reports
disagree with the results of Miller et al.’ and McKellop et al.,

i ther
wear characteristics of Ti-6Al-4V similar to those of stainless steel. In further

tests, McKellop et al.2 found that Ti-6Al-4V is especially susceptible to abra-
sive wear from acrylic cement particles.

ing hip simulators. McKellop
Several studies have been conducted using hip simulators F

1 alt- tum
et al.” studied the wear of hip prostheses l“l\’ltl‘ff(’b::lf CC(l)ll::“l:)‘llmm
e o (Co-Cr-Mo) alloy and TGV -a 01)’ 't':l;lu:u:der bol;h clear
using bovine serum lubrication. The tests were conducte

i -diameter fragments ot
conditions and with several approximately 2-mm-diameter frag "

ot the cle itions th
PMMA cement placed in the acetabular cup. Undtf tthtL Cltlanl: CL::l‘ldth\(l)::L:m
Co-Cr-Mo ball had only light scratching and ‘tl-‘:t Itl?gi“(LIo-CriMo phene
slightly more scratching. With acrylic chips wa"F'l-()lA LV bl s S
only very light surface scratches, whereas thc”' wwer, found that acnyli
scored and smeared with black residue. Greer,” however,

i > » Ti-6Al-4V femoral g
contaminants caused no change in the appearance of the Ti-6Al

I the se lubricant. o s .
hel;g:tgké:‘ andng:lante:‘ found that special passivation 'tLClT"qule:!;“l
nated the abnormal wear of Ti-6Al-4V that they had Prtewﬁui {1 (;:gmged~i
McKellop et al.? reported that nitrided Ti-6Al-4V vyastylr ui ulyc undamaged i
a pin-on-flat study that included acrylic contamina lon(-j cas et al.” oo
cluded that the corrosion characteristics of TiN CI:)?';G datl: e T§6AI—4‘
implanted Ti-6A14V were very similar to those exhi ltebl' l)’ e o
control samples, however there have been no studies publishe
Of'lt':zsr: l::\ar:?g:: %wal: ztu%l;:?:;, l[;EiMWPE wear of tibial componcx?ts usin,
knee simulators. -4 Treharne et al." used a computer C(:""t‘f"":dl:l';:::;m
which controls the flexion angle and the joint load. Bjovmlt :Tt.r;“‘m bricatic
at 37°C was used and wear was determined as W'i;f',ht -(t,h:l ‘Z(Wcar s
component using the method developed by McKellop ct al.

-

i 33 lar or globulag
which consisted of fibrous and, in some cases, granula 8 !

debris was recovered by Rose ct al."** The prostheses with;\ighg;: wcalr ra
i y i s found with molec
had regular periodic cracking. No correlation Wa 1
weight, but rather, it was concluded that the ::::; rate of UHMWPE
nents was dominated by high contact stress. . o
COE\OP:; et al.® examined the UHMWPE wear mechanisms of 3'8:: rf::lee(tjh
and 16 failed knee prostheses and found large craterfs In l:eglo;sthe el
was no evidence of abrasion. Craters were found 0"‘:;“8f " itti%x
UHMWPE fusion defects. Hood et al.* in a retrieval study, fou pitting
90% of recovered tibial components. Much of the pitting appear d 10
caused by acrylic debris; however, pits were also found in areas with;
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‘ brasion. In a 10-year retrieval study, Landy and Walker"” described
S ticue/delamination as a prominent wear mechanism where cracks and
S sion defects eventually coalesced to produce wear fragments. Ainsworth

ftal.,” in the original wear study on carbon fiber reinforced UHMWPE,
Poly Two)* found wear rates 3.8 to 10 times lower than for conventional
SHMWPE; however, subsequent studies of carbon-fiber UHMWPE have
pund wear rates 1.8 times higher,” increased contact stresses and much
ligher fatigue crack propagation rates® compared to UHMWPE.

METHODS

i The prostheses were tested in a computer-

controlled knee test machine™
fogrammed to simulate

walking and ascending/descending stairs. A sche-
jatic of the simulator, which has been used for a number of studies™ is
pown in Figure 1. Motion and force plate data recorded from normal
phjects is used as input to the computer, Hydraulic cylinders, operating in
fosed-loop control, impart the abduction/adduction force, the tibial torque
the “ankle” and the vertical force at the “hip.” The quadracep cylinder is

Figure 1. Schematic drawing of knee simulator.?'

goly Two is a registered trademark of Zimmer, USA.
Pata provided by Rush-Presbyterian Hospital, Chicago, Illinois.
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connected to a cable which passes over a fixture holding
thesis and attaches to the “tibia.” The simulator is operated
second which is approximately one-half normal walking
theses tested consisted of tibial, femoral, and patellar co
methylmethacrylate (PMMA) was used to cement ‘the
stainless-steel fixtures. The knee joint was enclosed in a
chamber containing bovine serum, maintained at 37°C, as

e seven damage modes used by Hood et al.’* plus an eighth category,
frbon-fiber-associated damage. If distinct presence of a damage mode was
Pserved, then this mode was recorded as existing for that prosthesis. Those
bial components which clearly illustrated one or more of the damage cate-
bries were then examined using a scanning electron microscope (SEM). The
umber of components examined with the SEM was limited because the
quired carbon coating contaminates subsequent observations.

Test protocol ontact area measurements

A total of 10 tests were run during this testing progranm.
were Miller/Galante total knee prostheses donated by Zi
tibial component consisted of two parts, a metal tibial fix;
carbon fiber reinforced UHMWPE (Poly Two) tibial articu
nent. The patellar buttons were also made of Poly Two. Ti
used for the femoral articulating surfaces: L

(1) Ti-6Al-4V titanium alloy (regular production — st

(2) Titanium nitride coated Ti-6Al-4V alloy (experim

(3) Co-Cr-Mo alloy (regular production — sterilized)
Three prostheses of each type of femoral component we

One supplemental test was run using an uncoated
component and conventional UHMWPE patella and tibia
test was run only to make visual comparisons with the f
being tested. The polyethylene tibial component was no

Each test consisted of 100,000 cycles (100 K) of simul
82 kg (180 Ib) subject. Each test was divided into 209 bl
sisted of 464 level walking steps, 8 steps ascending s
scending stairs. This approximates the ratio of level walki
for normal activity.? The third TiN coated prosthesis (Til
an extended period for a total of 500,000 cycles of only.
In a previous study® seven different prostheses were te:
cycles in the knee simulator using deionized water:
retrieval analysis comparison® the simulator tested pros
same damage modes, damage location, and severity
approximately 2 years of clinical service with the ex
was observed in the simulator tested tibial component

knee flexion angles of 20° and 80° in all of the tests and additionally 40° in
be of the tests. The 20° and 80° angles were selected to approximately
prrespond to those used by Wright et al.® Contact areas were measured by
serting Prescale pressure sensitive film (Fuji Photo Film Company) be-
jeen the tibial and femoral components and maintaining a vertical load at
be “hip” of 32 Kg for 10 min.

bility test

'he 100,000 cycle tests were interrupted at steps 1, 100, 400, 900, 4900,
00, 49,900, and 100,000 to conduct stability tests.? The stability test proce-
re was also conducted at the end of the 500,000-cycle test. In each stability
bt the machine is moved through five activities which study flexion per-
mmance as well as adduction/abduction (ad-ab) and tibial rotation stability.
ical force applied at the “hip” for each assessment is 32 kg (70 Ib). This
fuced loading is used to avoid possible excessive loading during the sta-
ity test. The flexion performance routine holds the ad-ab force and tibial
Fque at zero while the knee is flexed from 10° to 40° and the quadriceps
fce is measured. The ad-ab stability routine holds the knee at 10° of flexion
d tibial torque at zero, while the ad-ab displacement is measured. The
ial rotation stability routine holds the knee at 10° of flexion and ad—ab force
zero while the tibial torque is varied and tibial displacement is measured.
je ad-ab and tibial rotation tests are repeated at 40° of flexion. Changes in
pbility are associated with the change in surface conformity. This is a
flection of the wear and/or deformation which occurs with cyclic loading.
r the rotational stability tests hysteresis loops of the applied torque versus
ation is plotted. A least-squares fit is used to determine the rotational
fifness (torque per degree of rotation) of the prosthesis assembly under the
Kg vertical load applied to the “hip.”

Visual, microscopic, and SEM evaluation

kS

After testing, all femoral and tibial components were"
surface damage. Following visual inspection, the tibial
an additional inspection using a stereoscopic microscop

%20 to x210. Tibial component surface damage was categ; Ar measurement

ear of the tibial components was characterized by the weight of material

*Performed by Dr. T. M. Wright, Hospital for Special Surge moved. The tibial and patellar components were presoaked in bovine

Tibiofemoral static contact areas were measured before and after each test

g
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serum at room temperature for a minimum of 14 days prior t
of the test in order to minimize fluid absorption during
presoaking, the parts were cleaned, vacuum desiccated and
a Mettler H20 analytical balance. Following testing, the pa
cleaned, desiccated and weighed. The amount of wear wa
between the weights before and after the test. Fluid ab
the test was corrected for by using a soak control similar t
by Treharne.!

RESULTS
Visual, microscopic, and SEM examination

On an unused Poly Two component, the surface has a glo
and a layer of carbon fibers can clearly be seen in the surface
in Figure 2. After testing in the simulator, the most commoni
modes found were scratching and carbon-fiber-associated F
fiber-associated damage was defined as any surface disr
associated exclusively with the presence of carbon fibers it
different types of carbon-fiber-associated damage: fiber r!
UHMWPE matrix, fiber breakage, and UHMWPE rem
Figure 3 shows the three modes of carbon-fiber-associ:

- Figure3. SEM micrograph of carbon fiber associated damage: (a) UHMWPE

, removal from carbon fibers, (b) trough from surface carbon fi
b (c) carbon fiber breakage. & aroon fiber removal,

Figure 2. SEM micrograph of unworn carbon fiber rei

893
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(<)

Figure 3. (continued)

areas of carbon-fiber-associated damage also exhibite
of wear. Scratches, such as those seen in Figures 3(b
in the anteroposterior direction and were possibly duedl
of the broken fibers or removed particles of UHMWE
tibial component from the 500,000 cycle test sh
associated wear mode when the surface layer of
Figure 4(a), the UHMWPE removal and carbon fi
carbon fiber associated damage can be scen alo
scratches. The scratches shown were on the anter
plateau wear zone. In the center of the wear zo’n
surface fibers and relatively little UHMWPE dama
scratches are still present.
Surface deformation was noted in eight of the ni
tests exhibited excessive surface deformation. Th
deformation on the tibial components took place
areas of each tibial plateau. Also, the areas of wearjagd
to the medial edge of the medial plateau in five outs
tested. This implies that, during a step, some portigi
condyle is not being supported by the tibial platea
tibial component constrains the femoral componeri!
tended. However, the gap between the femoral ¢
allowing enough medial/lateral translation for the m¢
be partially unsupported when the knee is flexed?

| Figure 4. SEM micrograph of 500,000 step test’s tibial component: (a) an-
. terior edge of wear area, (b) center of wear area.
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Pitting was found on seven tibial components. In severa
evident that the process had begun with some abrasive or gg
In the others, however, there was no apparent abrasio
gouging from which the pit began. Figure 5 shows a portig
was found on the posterior edge of the lateral condylar we
component. The carbon fibers visitle at the bottom of the
the surface with no signs of carbon fiber ends, as if the pit
UHMWPE pulled away from the carbon fibers that no
posed surface. Figure 6 shows a pit that is in the proces
a surface made up of carbon fibers. The material bei
rounded by what appears to be a crack.

Two tibial components exhibited minor abrasion. Thes
what appeared to be wide shallow scratches but under magn
areas where tufts of polyethylene extended away from:the

Table I lists the incidence of the tibial surface damage
and carbon fiber associated damage were found togethe
components. Surface deformation was found on eight an
mechanism on six of the tibial components. Minor abr.
two of the tibial components. Embedded PMMA and
observed on any of the tibial components. From the infor;
in Table I, no correlation could be found between th
incidence and the femoral material.

 Figure 6. SEM micrograph of pit forming

; along a bow g 3
s o+ ot K a boundary of three carbon

itact arca measurements

fic results from the contact area measurements
Bng the course of the study, contact are
pre and after each test for a total of 28 different tests and flexion

binations. Of t.hese combinations, 16 had an increase in contact are
ad a decrease in co

ively flat, unconstrained tibial component and m
moral component.

TABLE I
Observed Damage Modes

Prosthesis Material and Test Number

are shown in Table 11,
a measurements were made
angle
a and
gd a ntact area. The variation in these results was caused
pultiple stable assembly positions for a given flexion angle due to ~lhu

ulti-radius geometry of

Ti-6Al-4V Ti-Ni Co-Cr-Mo
fDamage Mode 1 23 1 2 3 2 3 Totals
rface deformation x x — X x x X X x 8
Vlmg — X x C— — X X X x 6
nbedded PMMA —_ - - - - 0
fratching X X x x x x x
mishing —- - - — i j— I 0
orasion —_ - - — X x — __ )
elamination — - - —_—— — — :
rbon fiber damage I X x x x X x— 8

e i

SagaE
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TABLEII

lybdenum femoral components. . The titanium nitride coated Ti-6A]-4V
Tibial Surface Contact Areas at Beginning and End of 100,000

horal components, like cobalt-chromium-molybdenum, showed no
ptches and retained a polished surface. The uncoated Ti-6Al4V femoral
iponents, however, exhibited a large number of shallow scratches ori-
fed in the anteroposterior direction. These shallow surface scratches were

Contact Area (mm?)

Beginning of Test End o

Test 10deg 20deg 40deg 80deg 10deg 20deg observed in the supplementary test of an }xr?coated Ti-6Al4V femoral
9 8 - 54 ponent run with a conventional UHMWPE tibial component which indi-

C°:g"x° gg gg gg 0 80 74 s the scratches were not necessarily due to the presence of carbon fibers,
Eﬁ.ci.Mﬁ 92 81 80 63 80 88 :
Ti-6Al-4V 1 93 69 122 101 86 :
Ti-6Al-4V 2 - &4 - 7 - bility tests
Ti-6AI4V 3 — 82— » - & [
Tutanium nitride 1 - — ;2 - 84 _ ; he results of the knee stability tests showed that the range of tibial
:'::::::3:\ mgﬁi 80 103 93 98 82 ption gradually decreased from a range of 7°-10° to a range of 2°-6° as the

foral component created a “seat” on the tibial component. The rotational
ness (torque per degree rotation) showed a significant increase during
100,000 step test as illustrated in Figure 8. In the extended test the
tion increased and the stiffness decreased between 100,000 steps and
1000 steps indicating that the “seat” was gradually being removed by
fr and/or deformation. No significant correlation was found between the
joral component material and the wear and/or deformation observed with
stability tests. :

Observations of femoral components

Figure 7 is a composite photograph of the lateral con
Ti-6Al-4V, and TiN-coated Ti-6Al-4V components after IQO)
bined level walking and ascending/descending. stairs acti
component photographs have marks oriented in the n_'ncd
and lines forming an “H” shape. These marks and lines
the camera opening and photographer’s enclosure, res

ble scratching or other damage was found on the ght loss measurements

he results of the specimen weight loss study was inconclusive. The speci-
 weight loss results were variable due to a residue of denatured serum
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 Figure 8. Rotational stiffness over the 100,000 cycle step test as measured

Figure 7. Lateral condyles of (a) Co-Cr-Mo, (b) Ti-6Al-4!
. : with the rotational stability test.

6Al-4V femoral components.
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