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found between the tibial articular surface and the supporting metal tib
tray. This residue could not be adequately removed to give accurate weig
loss measurements. Six of the tibial components showed an increa
weight, thus negating this part of the study. ‘

mental test, similar scratches wer

A , 1 e observed on the uncoated Ti-6A|-
x;c;r:rl‘ec:tt:p(g::n]t -2:3—4“\?':? conventional UHMWPE tibial and lpatelal?a‘:
; ts. i emoral component had a slight transf /

p\o scratching was observed on the titanjum nitride coated 'gl‘i-6Al-4Vef:zrl§}of;i

SUMMARY ' From the results observed in this stud

F (1) The original surface of Poly Two
frge number of carbon fibers. As the
way, scratching and carbon fi
pechanisms. After the surface fi
er ‘associated wear was reduc
Bechanism.

j(2) Pitting of the tibial com
sm. The bottom and sides o
y due to poor fiber-
@rbon fibers.

(3) No correlation was found b i

, etween tl i ibi

e anc.l the femoral component material :;;fldence of biatsurface dam-
{4) Ti-6Al4V femoral components

Y. several conclusions can be made:
components included a relatively
original surface layer was worn
ber associated damage were major wear
bers were removed, the amount of carbon
ed, but scratching remained a major wear

The knee simulator used in this study provides all of the normal de
of freedom and applies representative loading conditions. As a resuly
provides a means of evaluating performance characteristics and shorts
wear behavior of prosthetic materials. This and previous studies indic
Poly Two tibial components “wear” significantly less than convent
polyethylene, however, carbon fiber associated damage with Poly-Twi
major wear mechanism. This break-up of the fibers is prompted by
“rolling” action of the femoral component on the tibia. This behavior m
be observed in the typical pin-on-disk test.

Visual, stereoscopic, and SEM examination of the tibial comp
showed that the original surfaces of Poly Two components contain’
tively large number of carbon fibers. In the contact region, these s
fibers were gradually removed during the course of the test. Ar
found on the tibial component tested for 500,000 steps where th
was completely depleted of carbon fibers. The most common wea
nisms, found on all nine Poly Two tibial test specimens, were car
associated damage and anteroposterior scratching. Three types
fiber damage was found: fibers removed from the wear surface, UL
removed from above the fibers, and fiber breakage.- Fiber remova
served as troughs in the surface where carbon fibers had been. U
removal frequently appeared as an area where the polyethylene
removed from the top of an intersection of several fibers. Antero,
scratches were always found in areas of carbon fiber associated
possibly due to the abrasive action of broken carbon fibers. Surfa
mation was found on eight of the tibial components with none
dences considered excessive. Pits were found on six tibial compon
bottoms of the pits seemed to be lined with carbon fibers indicg
the pit had formed when a piece of material had pulled aw:
poor adhesion to the carbon fibers or fatigue cracks had propag
coalesced until a large wear particle had been formed. A pit in theg
of forming was found where a particle, surrounded by an apparegt
crack, was pulling away from three carbon fibers that were jg

Ponents was found as a major wear mecha-
e, f the pits were lined with carbon fibers,
WPE adhesion and/or fatigue cracks initi

proba-
ating at

X did not exhibit signs of ti deep scor

i:;_zc::gastlve wear as seen by Galante and Rostokerl‘;in their1 estu:iepus:i(::

5) Ti-6Al-4‘\~Ieaf; rS‘:\Cl’eelmng device and distilled water as a lubricazlﬂ e
. oral components, tested with eith ,

» PE tinbial components, had . tes v either Poly Two or

- 3 many light scratches of

¥e wear that were n S of apparent abra-

iponents. Ot observed on the Co-Cr-Mo or TiN coated Ti-6Al-4V

{6) The TiN coatin,

) : g on a femoral component di

during an extended test of 500,000}:(t)ep: did not break down or

»'s research was sponsored by Zimmer, USA, Warsaw, Indiana,
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qﬂ” Designation: F 67 - 89

ot

'standard Specification for

specification covers the chemical, mechanical,
‘;yd ::”nm requirements for four grades of unalloyed
titkniioi- used foF the manufacture of surgical implants.

U173 “The values stated in inch-pound umits are to be

! ! for'l'mmum and'l'mmum Alloy Bars
g;ax Speaﬁcanon for Titanium and Titanium Alloy
‘%’8 T(st Methods of Tension Testing of Metallic

fiods of Free Bend Test for Ductility of Welds*
"l‘est Methods for Chemical Analysis of Titanium

MahodfoerdedBendTestforDumhtyof
s for
gtMethod for Semi-Guided Bend Test

Mculthx:enals’

Unalloyed Titanium for Surgical implant Appllcatlons

m imued ender the fixed designation F 67; the vumber immediately following the designation
?h.'ﬂmﬂ:lw,hmasdmmﬂdlnmAnanmpmh:mhywof
superscript cpsilon (¢) indicates an editorial change since the last rovision or reapproval.
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b Fez

TABLE 1 Chemical Requirements -
. Composition, A X
Grade 1 Grade 2 . ~, Grade 3 Grade 4

Flat Product Bar and Bilet Plat Product Bar and Bllet Flat Product Bar and Bliet Flat Product Bar and Bilet
0.03 .0.03 ¢.03 0.03 . 0.05 005 005 0.05
0.10 010 0.10 0.10 0.10 0.t10 0.10 0.10

. 0.015 0.01258 0.015 0.0125° ., . 0.015 0.0125# 0015 0.0125°
020 020 030 030 .oy 030 | 030 0.50 0.50
0.18 - 018 025 025 . - 038 03s 0.40 0.40
belance balance balance balance belance batance balance

f! Forgings are designated Grade F-1, F-2, F-3, or F4

to the requirements of the
B 265, B 348, and B 381.
3.2 In the case where a

B.wmhnmwmnuwwowo:

'TABLEAz- Product Analysis Tolerances® .« - .

respectively. menwnmmbmm

e a TABLE 3 - Mechanical Requirements —Bar, Biflel, Forging*

specification and those listed Yoleranos Under the ~~ Tonsle Strangth, _ Yiekd Stengt, 02 % :

take precedence. Slament """‘“"“"’R oS! Minimom or Over the min Offset.min  Elongstionin  Reduction of

formation Aadmuam Limit? ksi  MPa i MPe O.min X Areamin,

Ordering Infc T

4 g P Lot 008 oo 1 a8 20 . 170 .. 24 )
4.1 Inquiries and orders for m T oot o by 2 0 us “ 275 20 30

tion shall include the following info L o025 - 0.10 3 & 450 5 380 18 20
4.1.1 Quantity (weight or num! Over 025 015 4 B0 . 5% L L =
4.1.2 Grade (1, 2, 3, or 4), Up w0020 0.02 A These

4.1.3 ASTM designation, Over 020

0 forgings having & maximum cross saction not

4.1.4 Form (sheet, strip, p

4.1.5 Condition (5.1), . :

4.1.6 Mechanical properties’’(if
conditions),

4.1.7 Finish (5.2),

MHAMS 2248C.
Qe is

.1 Samples for chemical analysis shall be
he material being tested. Extreme care

wwmmmu-mu

Mm Resource.
Nov. 24, lm Published January 1990. Originally
m;Fﬂ “.andm-}'ﬂ—l& .

4 Ding 1977 Anval Book of ASTM Standards, Pan 10.
Anvial Book of ASTM Standards, Vol N
; .’.Av&uh:smd Es 400G Drive,
Warrcndale, PA |
: u-.a.u."?..’.f’?‘ Mhmmmw Wisconsin
" Ave, Miwaukec, W1 53203, .

dmmn‘n -
“"Thmhmhmm p

mmmwbmumm.mm
indicated.

ing the composition of a heat or lot or to detcrmme

Hiitions in'the composition within the heat.
Acceptance or rejection of a heat or lot of matenal

bemadebyuxe purchaseronthebasuof\‘.huche&

For referee purposes, Methods E'120

ng:-titanium * for' chemicai: -analysis because -of -its
i fotelemcmsnxhuoxygen,muvgen,mdhydrogen
for the

: Propertes apply
v—&'—-ah‘amnﬂmm hﬁwhﬂum
<ross sections shal

cold ‘worked conditi 16 higher tensile strengii:
but a mlmmum lO% dongauon in 4D or 2 in. (50 run)
must be met. -

7.2 For sheet and strip, the bend test specimen ‘shall st
being bpnt sold through an angle of 105° without fractu-

shallapply e

7.2.1 Suppl bend te
plate are listed‘in S1. kg T :
- 1.3 Perform tension festing” in “accordance ‘with Test
'MethodsE'S ‘Determmetennlepmpemaunngutmnr

must be taken in

- msumhleeonmnen. [

clean and sharp. Samplesforannlyns:houldbe

when cutting of 0.003 to O.,007_‘ inlfin. (mm/mm)-min through’the spec.
id be carried out in a dust-free atmosphere, if possible. ﬁedyiddm'ength,”thdtheh!.heérmhehdspe'edﬂuﬂl
lhouldbecolleaedfmmcleanmmoxmngwols i roduce ‘fra

m appmnmtely on:

lddmona.lmmute.“ W

7.4, Anymwmumumﬁdox\ H
thelmphntmanuﬁetumh purchase order. ' :

dst
"B"Shect, strip: nnd plaue 'sh:u confonn to'the

ties prescribed in'

8l mmuﬁanrer'smﬁcmonthnthemuwmlw:s
muﬁaummmm%wmu&mmmﬁu
~hon-nogelbepwnh a.ireport rof : the “tést  results shall e

,_Baiii'nu' S

*0.070 10 0.187

. 'n(uuns
i ;
T 4T
. sT
- o !
. e . er H
n mmmmuwhu -.na-dmum for then arnosled |
e ticknees ovr 1 In. (25 mm) may be the ..

between LT
“nmahwummmnmwbm‘-nomn«nmhm MRS
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€ Fer CoE e
301 ufacturer at - i f for example, is defined in ASQC Cl1-1968. )

B mplant man at- thc .hme ¢ “9.2 The manufacturer of surgical implants or medical

. appliances shall-be assured of the producer’s quality program

for conformance to the intent of ASQC Cl1-1968, or other,

gram, such - ized . - T <

. et

Designation: F 136 - 84

LI R AT 7 3

Standard Specification for
Wrought Titanium 6A1-4V ELJ
Applications’

SUPPLEMENTARY REQUIREMENTS ‘ K

Th‘we requircments shall appl

-

y only when specified in the purchasc order, in which event the specified tests
er before shi of the plates. S

mwhwmwmwnx;m“mwimm
midulldwdvncr,inlhen:olmﬁon,ﬂ:)urofhglniﬁm.Annmber
mwﬁnwﬁhn(r)iﬁhumdiwmdmmumﬁmormm.

. . k Scope :
Eognls Do outer surface ofrthf must be ve Of, A‘Y-“ This specification covers the chemical hanical th
P

Alloy for Surgical Implant

ely following the designation indicates the year of
inpam!husindhxau:)uroﬂnmmvﬂ.A

3.2 Sheer—Any product under 0.1875 in. (4.75 mm) inl

.metallurgical requirctents for wrought anncaled Ti.

product as supp et e
1S1.4 The bend radius will be such to provide minim $6A14V ELL (extra low interstitial) titaninm alloy to be

o guidod- or free-bend. tests, of gheet m-pme clongation of the outer fibers of the bent specime‘nﬂsf
b timited 1o Grades 1, 2, and 3 shall bemade. Eachof  Grade /—-20 % equivalent to 2T bend radius'st 180°

and 24 in. (610 mm) or more in width.
3.3 Plate—Any product 0.1875 in. (4.75 mm) thick and
.. ,over and 10 in. (254 mm) wide and over, with widths greater
-~ han five times thickness. Plate up to 1.75 in. (44.45 mm),
ik i 2, 9

terial in this specification has been subjected  thick incl is by this specification. .
williplace opposite, surfaces, of the sheet,or plate  Grage 220 % equivalent to 2T bend Tadius at 180° beiid a laboratory animals.™ “The résults of these ™ i; izll*g—Rouln(is fmx:: Yis ;:.y(w mm) to l.)75 in, (44.45
e e | Crade 316 % st 0 24T bend e 2 wel " 3.5 Forging bar—Bar as described in 3.4, v for produc-
S1.5 Criteria for accep will be the ‘The values stated in inch-pound units are to be  ton of forgings, may be_furnished in the hot rolled condi-
cracking or surface separations (not originating, *

PP
et g

d as the standard. The metric equivalents in paren:
are provided foc information only. ;. . .., . ..

%2'.1 ASTM Standards:
VB 265 Specification for

trip;:Sheet, and Plate®.

Titanium and Titanium Alloy

: TR U PR
Specification for Titanium and 'i‘ilanium Alloy Bars
 Billets® | Teser s TN

s
i

Slj&:-Speciﬁution
Dropetties to assure consistency jn -+

tion.
3.6 Wire—Rounds less than s in. (4.8 mm) in diameter.
4. Ordering Information R R

4.1 Inquirics' and orders for material under this specifica-
tion shall include the following information:

4.1.1 Quantity (weight or number of pieces),
‘' 4.1.2° Applic ASTM desi i
1.3 Form (shedt; strip; plate, wire, bar, of forging),

4.14 :Condition (See 5.1}, - -~ A"
“4.1.5 Mech ies (if licabl¢, for special
conditions), "¢ o "

4.1.6 Fu v ’

4.1.7 A

GIE290 Test 'Method.for - Semi-Guided- Bend- Test -for
: (DnctilityofMelallicM;n rials”
i 20 Specification for Titdni

has been included for, clarification purposes. s,k

2k T

Strip—Anly product "inder' 0.1875 fn.
b &mu,_ndﬂ'»% iﬂ-;(ﬂqm)_)l’idc_.-ji
o for LN P BN bk soitenfing: BN Ut
views inown 1o the ASTM Commities on Standards, 1910 Race St, Philadeiphiz, PA 19103, "
ha —

2pproved June 29, 1984, Published September 1984,

bit Muscie Exposed to Metallic Implants,” J. Biomed. Maserials Research, Vol
967, pp. 135-149.

P.G..Fu'nmn_h..A.B..lndHodp,F_S,.'rmRmion;iql_H

g size, thickness,

width, or print number, . . .

4.1.8 Special tests, and o R ke
- 4.1.9 Special requirements.: . * e
DR AUV ST AGal et
5. Materials and Manufacture
i 5.15The various titanium mill products covered-in this
specification are: normally: formed with" the conventional
forging and roliing equipment found in primary ferrous and
fonferrous plants. The ingot metal for. such mill operations
is usually melted in arc furnaces of a:type- conventionally
used! for reactive metals. - R PR
1"5:2" Finish—Atinealed material nay be furnished: to the
implant manufacturer ‘as’ descaled or pickl d, sandblasted
ground, or combinations of these operations.- .

6. Chemical Requirements

61 The heat analysis shall conform to the chemical
composition of Table 1. Ingot analysis may be used for

) o . reporting all ch ts, except hydrogen. Sam-
v::G.'f‘ iblity of Bi " Ord CQlinica of North,  1pleg forhydrogen shall be taken from the finished mill
%2, Vol 4, No. 2, April, 1973, pp. 249-273,
b Anmual Book of ASTM Standands, Vol 02,04, Lo gy PTOducCt. .
B Annual Book of ASTM Suandards, . 4 (17 1.96,2 :The product analysis tolerances shall conform to the

Rl

W. Wisconsin

23

check tolerances of Table 2.

6.3 For referee ﬁum‘memodsalzos_mubeused._
6.4 Samiples for chermionl a e, X :

ve

. analysis shall ‘be rep
of the material being tested. The utmost care must be used in

T
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@b F 136

TABLE 1 Chemical Requirements

Elerment %
Nirogen, mex 0.08
Carbon, max 0.08
Hydrogen, max e 300124
fron, max - ¥ 025 e
Oxygean, max 613
Ahsminum 55-8.50
Vanacksn 3545
TRankm® balarce

A Material 0.032 in. (3813 rom) snd under may hervs teycirogen content up 1
0.0‘50!.
mmdhﬂnhmb{mmmnﬂh
MMU .

e et PR . . .

level of local blologlml response, for over X1.4 The minimum mechanical properties specified as-

3 - sure a baseline of strength and ducuhty for the highl
m‘ L. . The_ microstructural req o d in this d devices for which this al.loy is typlmlly used, Y
mh’n B - Maid Tepresent the current geneml consensus of oplmop .
- - " h respect 10 optimization of &éohinical propetties: far i ¢ 7Y LI B
Aumirum . : gplant applications.

or
and should be to ASTM i Your

) -lmad\nc.wcmddamhnlan-r of the responsinie
P mmmmﬂﬂmhdu-rmm AMm:M’:‘;ﬂam

vﬁ)!hmmﬂhdsﬂlm -1910.‘&& Ptitadaiphia, PA 19103,

A

Tmmnh.pi Mwml mh‘d«‘w
ofiset), min

“YABLE 3 -
Under 0.167 in. (4.75 mm) thickness or diamoter ’mooo(uq
omuusmnnnn(u.dsmm St 125000 {060
B ‘Berdd Test®
u«omnumm ke T

omnnmmnmun«mmmn 01
tickwes

120000(827) - 10
115 000 (795) - 10

€ Appiiss 1 ber, plate, and

forgings ondy.
2Bend st mnmuwm:-mdmmhmnmdm

s "

samplmgmamum ford:mnllnﬂymbemuseofﬂs
a!Tmltyforelemtsmchnoxysen.nmmdhydm
Therefore, in cutting samples for anslysis, the operation
:houldbeamedmnmﬁrasposiblemadw-ﬁee
ltmosphue.dups:houldbedunmddnm&mp!afw
analwsllwuldbestoredmmblemnmm

71Mntemlsupphedundu-lhsspeuﬁanondmllwn—
form to the property gwen in
Table 3. R RN
728peumens,fotwnsonmmbemm:nd
tstedmmnqemthTeuMME&Tensb
uu:hnﬂbedaa'mnedunulmmmeofomstooom
in./in.. min (metrig. equivalent mm/mm/mm) through , the
wﬁedyldd E X TR el e
73Forsheetandm1p,lhebmdtestmeumm
wnhmudbun;bmtcoldMnmdeo{los‘mtbom
inthe outside surface of the bent.portion..The.bend
mubemadeonlmmmueqmltothndwwnm'l‘nbleJ

 for mwmumwmmhwmum
'Eummnmmu:snmamhm umww

R

ASE e dami
ULJI.’Q( A

clongated alpha platelets. There
8.2 The beta transus tempe:
suitable:method and reported

as, for example, is defined in
9.2‘11:e ‘anufacturer of s
shall be

A .of ai
of a0

10. M:rﬂna.l’hddn;,‘ ertif
10.1 Marking, packing,
be as specified in i

e bt o [

Thoaed o

;‘ui‘l‘,)(i eﬂm;‘ sov s ' 0k i e
el T \ L S g e

s of rr.uoum.q oJ
i ‘l"’l-ﬂOﬂJ'{ e

X1.1 'rhewrposeomuspe&ﬁd-ﬁon
Ihechcmml,ph al.mechannl,ndmeullmwlpmp-
u'uuofwroughtmnaled'f'n-sAl-4VF.Ll.dloytobemed

X1 BATIONALE : e 14 06, 0 i W b
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qm}) Designation: F 648 - 84

Stand;rd Specification for -

Ultra-High-Molecular-Weight Polyethylene Powder and
Fabricated Form for Surgical Implants
mwawwumme;m“uﬁ—-"

i following
iginal adoption or, ia the case of revision, the year of last revision. A number in parentheses
%m(-rhﬁ*-mwmmhmww

1. Scope .
1.1 This specification covers uhn-hlgh mohmllr,.wushl
polyethylene powder (UHMWPE) intended for use_.l.p\s'u:'- )
ical i s, ! I
gllem':'hl:’lemnaquireﬂ'lents of t.hls :?egl‘u::nlon apply to
UHMWPE in two forms. One is virgin P ymu‘powdﬂ‘.
(Section 4). The second is-lny..fu‘nn ﬁbn?ted ﬁomiu
gty :pe;ﬁ‘auonaddllsmummﬂc‘l::
duced (Section 5). This char-
acteﬁst(iaanddoesnollpplymﬂ:epacpgedmdumhzed
finished implant.: . . i
1.3 The provisions qf»Speuﬁaqon 1?4020 apply. Special
requirements detailed in this specification are added to de-
n:ﬁbemnuialwhid:hﬁlhe\pezjmmalln?ﬂan&_
" 1.4 The biological response’ m_pdyetl;yle?c in soft tissue
and bone has been wellcharacterized by a history of clinical
use (1, 2, 3)° and by laboratory studmv(;.‘s, 6)._
1.5 The following y caveat pertans
the test method portion, Section 7, of this specification: This
standard may involve hazardous maqwls,operln’nou, and
i This standard does not ‘purport 1o all of

b

¢ solution viscosity/molecular weight relationship to the
IMWPE range. . .
lar weight distribution would

 Information on the molecul,
ermit control of the weight fraction of low-molecular weight
atcrial. Presently, there is not a suitable method to deter-
ine the distribution.

k4.2 Nongeneric Properties:

42.1 The polymer powder 'shall contain as little extra-
ous matter (such as dirt, lint, silica, and discoloring
mterial) as possible. The purchaser and vendor shall agree
u which of the following test methods will be used,

42.1.1 When a 400 ¢cm? sample prepared in accordance
jith 7.1.2.1 is viewed, there shall be no particle whose largest
mension is greater than 300 um; and there shall be no more
20 10 particles whose largest dimension is 300 1m or less.
4.2.1.2 When a 300-g sample prepared in accordance with
$.2.2 is viewed, there shall be. 00 more than 25 particles
gsent. . . .

2.2 The polymer powder shall contain as few trace.ele-
Fats as possible, and the level of those trace elements shall
$3s small as possible. To p uniformity b
Berent lots of polymer powder, ‘the following maximum
oentration limits for trace clements have been established.

the designation indicates the’
indicates the year of Last res

- D 1921 Test Method for Particle “
Plastic Materi :
D 2240 Test Method for Rubber -
- Hardoess*

D4020 Spdﬁcaﬁon. for Ultra-
Polyethylene Molding and Ext:

3. Description of Terms Specific To

1.1 fabriwdfmn—-;tgm b
cated from the virgin polymer pow
P of fabricati implan
- 3.1.1 Discussion—This form results

the safety problems associated with its use. It is the

bility of whoever uses this standard to consult :md mbl‘l.;llez

of heat and pressure to the virgin polyme Blement pem. max
material characteristics of this form - 2 s -
cable requirements of this specification 1 ca 100
this includes extruded bars or molded; - - a 120
only to final product form is machined, of | j22.1 Analyses for these and other elements shall be
i subsequently trimmed. ucted by vendor-vendee agreement. :
.3.2 generic propertp—that oTe 3There is no evidence. thet. the on of tmce
'oldyby.lhcdtlmﬂlm ents affects the physical properties or the biologi of
fabricated forms.

virginpoly
~3.3 virgin polymer powder.
btained from the manufacturer

All powder shall pass a No, 16 (1.18-mm) sieve.

appropriate safety bnd health pr A m
plicability of latory prior (o use.

2. Refuenwdl)oﬁmamv

21 ASTM Standards:~. " .. w0 D .
D256TestMethodsl‘orImp9ctRmmoeofPhsucsand
Electrical Insulating Materials® - .

D621 Test Methods for Deformation, of Plastics Un‘du-
w’ - . . 0 ,‘
D638TmMahodforTenslePl?rpuuesofHamu’ b

D648 Test Meth ‘for:‘" i P of Plastics

- Under Flexural Load® - .- . © -

D790 Test Methods for Flexural. c . of Unrein-
fomdandRu'n{moedPlnﬁua@Eeanallnaﬂaung

DlSOiTestMcthod‘:':;'Dmsi!yomebyI:InDenﬂty-
Gradient Techniq s
D 1898 Practice for Snmphn; of Phsm::.‘

. . Py . . B F4 on

* This 'm;mmmduﬂ!m
Mu-ﬁuwmﬂwﬁbhmwd
Subcommitsee F04.02 on Resourers.

m&ﬁhwmn.tmwm—nm,

’mb&wuminmﬁnﬁﬁdmfmw
of this specification. L

3 Annual Book of ASTM Standards, Vol 08.01. )

4 Annual Book of ASTM Standards, Vol 08.02.

" a bulk shape. Borz 4—A limitation on particie size stems from the possibility that
Ixively large particles of UHMWPE may not flow enough in

W bquent “sintering”™ or molding ions 1o yield. a sufficiently

¥ material, This could result in undesirable local inhomogeneity or a

41 Generic Properties:
«:4.1.1 The virgin

WPE Fabricated Form Requirements

bl Compositional Requiremenys:

1.1 No stabilizers or processing aids are to be added to

fvitgin polymer powder during manufacture of a fabri-

4.1.2 Molecular weight of |
indicatod by determining the
relative solution viscosity, v
with the method given in

b form.
.2 The surface of a fabricated form shall contain as
extraneous matter as possible. When a 400-cm? sample
ed in accordance with 7.2.2 is viewed, there shall be no
icle whose largest dimension is greater than 300 tm, and
shall be no more than 10 particles whose largest
tnsion is 300 ptm or less.
R Physical Requirements:
2.1 The surface of a fabricated form shall contain as few
patches (which would indicate unfused areas) as pos-
t Whea a 400-cm? sample prepared in accordance with
R is viewed, there shall be no light patch whose largest
sion is greater than 300 pm.
The density of the fabricated form shall be between
Dand 0.944 g/cm?.

186

weight is attained. At -
t, there is some uncertainty regarding the extension of - |

187
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5.3 Mechanical Requirements:

NOTE 5—The relationship between these mechanical properties and
the in vivo performance of a fabricated form has not been determined.
While trends are apparent, specifie property-polymer structure relation-
ships are not well-und . These h: 'allalsam" ly
used 1o evaluate the r ducibility of a fabricati dure and are
applicable as quality contro! tests 10 determine lot to lot repeatability for
2 process of converting virgin polymer powder 10 2 fabricated form. The
mechanical properties are subject to variation as the fabrication process
variables (such as temperaiure, pressure, and time) arc changed.

5.3.1 UHMWPE in fabricated form from which implants
shall be made shall meet the requirements listed in Table 1.

NOTE 6—The foliowi: g h Iests may be di based on
agreement between the vendor and purchaser:

(/) Deflection temperature: Test Method D 648 (1.8 MPa 264 psi)

(2} Flexural moduius; Test Mcthods D 790 (sccant, 2 % offset)

6. Sampling

6.1 Where applicable, the requirements of this specifica-
tion shall be determined for each lot of powder and
fabricated form by sampling sizes and procedures according
to Recommended Practice D 1898, or as agreed upon
between the purchaser and seller.

7. Test Methods

7.1 UHMWPE Powder:

7.1.1 Determine the relative solution viscosity in accord-
ance with the method given in Specification D 4020,

7.1.2 Determine the amount of extraneous matter by the
following procedures as agreed by the vendor and purchaser,

7.1.2.1 Using a polished steel mold, press UHMWPE
powdet into sheets with a minimum surface area of 12 cm?
and a maximum thickness of 6.0 mm, at 205 + 10°C (400 +
18°F) for 10 min. Examinc a total surface area of 400 em?,
Count the particles using optical microscopy within the
translucent sheets.

7.1.2.2 A 300g sample is divided into four 75-g samples.
Place a 75.g sample in each of four 1000 mL Erenmeyer
flasks, add 400 mL isopropyl alcoho!, shake § min, and let
setle for § min. Count the total number of particles of
extraneous matter in the four flasks.

7.1.3 Determine the trace element concentration by the
following methods or by methods agreed upon by the vendor
and purchaser:

Ti Atomic absorption or emission spectroscopy
Al Atomic absorbtion or emission spectroscopy
Ca Atomic absorption or emission spectroscopy
Cl1 Potentiometric methods or titration methods

7.1.4 Ensure that the particle size of the powder is correct
by passing it through a No. 16 (1.18-mm) sieve in accord-
ance with Method B of Test Method D 192]. .

" 1.2 UHMWPE Fabricated Form:

7.2.1 The requirement that there will be no addition of
any stabilizer or processing aid during fabrication of the
fabricated form shall be met by certification of the fabricator.

7.2.2 Use optical microscopy to determine the size of the
particles of extraneous matter and the size of light patches at
the surface of the fabricated form. Examine a surface area of
400 em? taken from locations within the fabricated form -
agreed upon by the vendor and the purchaser.
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TABLE .1 UHMWPE Form R

. Propety . ASTM Test Method
. Tenslo Strength, 23°C oo D638 (Speed C)
Exngeton i D638 (Spesd Q)
tzod knpect Strength D 258 (15* notch A), double
Oeformation under losd D 621 (A} {7 MPa (1000 psi) for 24 by
Hardness D 2240 {Shore D)

Method D 1505, specimens shall be produced by methods that
7.2.4 Determiné specific mechanical properties in accord-  used to produce surgical implants.

(1) Charvley, J., Cupiz, A., “The Nine and Ten Year Results of the (L)) Tunu.l..hmna,w..Autim.J..‘SublafleT iclt
Low Friction Bi ials Using Hi + s -

Arthroplasty of the Hip,” Clindeal Orthopaedics, Vol
95, No. 9,-1973. - .
@) Hlllq.D,Omnl:y.J..'Rmulnofln'Fﬁcﬁm'Anhmplmyin (5) Laing, P., Biomaterials,
- Paticnts Thirty Years of Younger,® Clinical Orthopaedics, North America, Vol 4, No, 2, April, 1973,
Slors, & i (6) Escalas, F., Galante, J., Rostoker, W., Bi

ng
Tissue,” Journal of Biomedical Materials Rese
ity of Bi

No. [12, October, 1975, . . W, o
(3) Mirm, J., Amstutz, H., Matos, M., Gold, R_, “The Pathology of the rials for Total Joint Replacemeat,” Journal of Bi

Joint Tissues and Its Qlinical Relevance in Prosthesis Failure,™ rthM:k.leo.No.z.lWS_.
Clincal Orthopaedics, No. 117, June, 1976, .
The Amarioen Society for Teeting the velidity of any patent rights asserted in connection

MWMWMMU;M Users of this standierd are axpressly sdvised that determination of the validiy of any
Petent rights, and the risk of infringement of such rights, 8re entirely their owr responsibilty.

tschnicel -‘Mhmmhm

This stanciard is subject 16 revision st any time by the
L] olther Your denltex for orfor
and should be addressed 10 ASTM ; mumwm-umam
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k1Y) Designation: F 799 - 87
i

Standard Specification for _ )
Thermomechanically Processed Cobalt-Chromium-
Molybdenum Alloy for Surgical Implants®

This randserd is issued under the fixed designation F 799; the number immediately following the designation indicates the year of
original adoption oz, in the case of revision, the year pl.lagt revision, A number in parentheses indicates the year of last reapproval. A
superxcript epsilon (¢) indicates an editorial change since the last revision or reapproval.

Scope 3. Significance and Use

L1 This specification covers the material requirements of 3.1 The purpose of this specification is to characterize the
pstrength, thermomechanically processed, cobaltchro-  material properties of currently available cobalt-chromium-
im-molybdenum alloys used for surgical implants. Mate-  molybdi implant parts fz d by processes other
nforming to this specification has been evaluated for  than conventional casting techniques.
vompatibility and corrosion resistance? and has been
d to be comparable to mal‘e_rial conforming to Specifica- 4. Ordering Information -
F75. The propertics specified in this document specifi- 4.1 Inquiries and orders for material under this specifica-
zpply 1o finished or semifinished parts that receive no tion shall include the following information:
equent metallurgical processing. 4.1.1 Quantity,

The values stated in inch-pound units are to be re- 2 ASTM d'aignav.ion and date of issue,
ied as the standard. The metric equivalents of the ’ Mechanical propertics, *
f-pound units may be approximate. - Form (semifinished parts, part No.),
' Applicable di ions or print 3
Condition (as hipped, forged, heat treated, annealed),
Special tests, and
Other requirements. -

"

Referenced Documents i
1 ASTM Standards:

8 Methods of Tension Testing of Metallic Materials®

8 Test Mcthods for Rock Hard and Rockwell "
perficial Hardness of Metallic Materials® 5. Condition

112 Methods for Determining the Average Grain Size® 5.1 Finished or semifinished parts conforming to this
354 Methods for Chemical Analysis of High Tempera-  specification may be prepared by a variety of methods
jture, Electrical, Magnctic and Other Similar Iron,  including powder lidation and forging; and may be in a
Nickel and Cobalt Alloys* heat-treated, hot-worked or annealed condition.

75 Specification for Cast Cobalt-Chromium-Molybde-
ioum Alloy for Surgical Implant Applications®

I
1.3
14
[
1.6
1.7
1.8

6. Chemical Requirements

981 Practice for Assessment of Compatibility of Bioma- 6.1 The cobalt-chromi lybd alio lied

. \ Py IS A . y Y to
terials (Non-porous) for Surgi with Respect g0 f: for the production of surgical impi
o Effect of Materials on Muscle and Bone* shall conform to the chemical composition limits specified in
-Aeraspace Material Specifications : - Table 1. The product analysis tolerances shall conform to the

IMS 2269C Chemical Check Analysis Limits, Wrought : f -
ENickel Alloy and Cobalt Alloys -~ . requirements in Table 2.
‘2248B Chemical Check Analysis Limits, Wrought hanica iremen
Heat, and Corrosion-Resistant Steels and Alloys 7- Mec N 1 Req . ts -
American Society for Quality Control Standard-" 7.1 Tensile Properties:
§QC C1-1968 Specification of General Requirements for ' )

TABLE 1 Chemical Requirements

2 Quality Program-. -
‘Composition, %
£, . min max
s ipecification is undef the jurisdiction of ASTM Commitiee F-4 on
0 Surgical Maerials and Devices and is the diroct respomsibiity of Cwomkum 0 200
ittoe FO4.02 on Resoarces, . . Molybdenum & 7
odition eppeovod Sepx. 15, 1987. Published November 1987, Originatly Nickel - 10
das F 799 - 82, Last previous edition F 799 - §2. ¥ron - 078
® data are availubie on Joan from ASTM Headquarters, 1916 Rece Carbon - 035
deiphia, PA 19103. Request Research Report RR: FO4 » 0000, Slioon = 10
Book of ASTM , Manganese - 10
Book of ASTM Standands, Vet 03,05, Nvogen - 025
Book of ASTM Siondards, Vel 1301, Cabett belance
ble from Socicty of. i i 400 C; Drive, ‘nN<o.|o.eam¢o-nuh-nhbuwum
PA 15096, L4 0 the between 100 % and the sum per-

ly equsl
ﬁnuAmaianSoa’uywauliryConm 161 W. Wisconsin munmmmmmdmbyn-uh
ee, W1 53203, ot required 10 be reported.
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TABLE 2 Product Analysis Tolerances* implant device. Teasion specimens may
Permissibie Variation Under the on the reduced section and may be &
Element “"""‘-"“0"."' parallel to the long axis of the finished o
Lk, X 7.1.4 A mini of two test specime
u“""“",“ . -:030 : one specimen falls: below the specified #
Nickal :}: . - or breaks outside the gage limits, two add)
wron o " shall be tested and both must pass.” 43
Cartron :f: 7.2 Hardness—Finished or semifin
Manganeso to this specification shall have a minim
o © om ness of 35 HRC. The hardness determ
“ Reter 10 AMS Standand 2269C for Chemicel Check Analysis Limits femoept fmmm“““"“’“"ﬂ‘w‘g’
nirogen).
-mmmw-mmumuw 8. Special Tests i 5
Cm.:.wm : 8.1 Finished or scmifinished parts,
specification shall have a homog

lgrammofASl'MNo 5 or
with Methods E 112,

9. Certification ) .
9.1 A certification shall be pro
that the material mects the requi

" Strength "
Strength, min, (02 % oftsen),

pry i, ol Py mE - AmsminE R, min
170 000 (1172 120 000 (827) - 12 C 12 x5

A Gage length = 4 X dismeter.

7.11 Tms:lepmpauusbﬂ.lbecbuxmmedmamdmee
with Methods E 8.

7.12 The mechanical
pamdﬁomﬁnu‘hedorsemxﬁmshedp:ﬂssh-ﬂml‘umto
the requirements in Table 3.
7.1.3 Tension speci shall be produced from finished

or scmifinished parts or from material having the same
process history as that which exists in the final surgical

Arrmmx
(Nomndnory Information)

X1. RATIONALE
X1.3 Published data® i
. by

Xl.1 Tbe " "férthls da ‘is!.“: h ize com-
posuonundpmpaue;to_nsmeconsstencym
chanically lybd finished

orsemxﬁmshedpamusedmthemanu&amdmedrml

cvaluated for hoeomm‘b:htyandeonmonmwemd
has been found. 1o be identical fo ing to
Specification F 75.- Mlxeruls eonfomnng ‘to

F75 hav:beenmeduneonuolml’ncuceF%l

® Bacdos, D. 1, “High
chYuk.NY 1980, p 110

L * Weisoan, S, “Viesllimen FHS Forged
o Iniernal Fixation of Froctwes, p 118
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mmmsmyurmvmmu-mmmmmyu patenx rights asserted in cannection
withi any Kam mentioned in mwmamwmw d.:mmdm-vddlyduqm
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" Ion implantation of cobalt-chromium
. prosthetic components .
to reduce polyethylene wear

pdmnyﬁonlforpmndngionimphn—
tation with Co-Cr components is
redice wear in the opposin g
UHMWEPE surface.

THE EXPERIMENT

A carefully designed and exe-
cuted research program has been com-
pleted for comparing the wear of

control (8) and fon implanted Co-Cr
{b) at 8,000, 123,000, 370,000, snd 1
miffion

lyethylene in contact with control
A and a harder, more :dy?:nﬁ- d cobalt-ch o
i i surface structure. fa s well as zirconi i
by Piran Sioshansi, PhD ethylene wear debris is of great impor- °S, a3 we ia ceramic
nny()lmrmcsTanumy tance in total joint repiacement appli- ?“",’dc"'?""dm:":“h
cations. g were prep or
cenitica ¢ skt '
he wear of ultra-high molecular Thamdfsofamllﬂ!ﬂ mgm'npm-'on-dls bosystem te
welght polyethylens (ULHMWPE) Cotporation indicate that the icn  The exp . set-up consisted of
is a significant problem affecting the proceas, a technology al- 23.2 mm radius he_mnphmul—np?ed
ity and performance of pros-  ready well established for trestment of pins in contact with 64 mm thick,
mkm itanhun alloy octhopedic i i } 28.6 mm radius UHMWPE disks, The
With improved designs for ce-  extremely effoctive when applied tg n 108 13 ext pins were circulated on the disks at 90
mented and " el cobalt-chromium . (Co-Cr) orthopedi for ing revolutions per minute, wearing a 9.5
lnlmpmvi"nglhcn bearing components in mini they mm  radius tm:k.'AH dislss were
mrmmmihﬂmh wear of UHMWPE, Spire mariets the gamma stetilized priot to testing, The
anc ‘ong texm ®  ion implsntation under the surface finish of both types of pins
reaolve G oroblens o " Tongaard.® lon implantstion was approximately 2 pin RMS and
i » weaz Polyethylene wear of Co-Cr to reduce polyethylene wear !hatof!hediskswaslppmximatdy
e o ° is ignated Ionguard 0.5 pm.
debrist is b‘“‘ﬁ”;._mwmm“" o  The load on the pins was 10 N,
Phago response & that Tnitial fonding for this h which produced an initial peak
h ing ot interfere with prostheti was provided by the National Insti- Heraimconmmeuofnppmxi-
: e wi of Health through a grant frong mately 59 MPa. However, the
Joint performance and longovity. the Naticnal Insitu of Aveitis s propetties of materials Hertzian stress was estimated 1o .
Polyethylens is currently the E----msm"' versely affecting the . “

onlynﬁhbhmmidformlédﬂ

s¢ to 15 MPa afier a short time,

LS n

dncirable inh ey

many prop
‘such as low friction, good biostability,

and good formability and machinabil
i

" Howvu.polyethylu.uwurmd
associsted debris remain a major

due to compression in the polyethyl-
ene. This value is below the yield
trength of UHMWPE.

¢ The pin-on-disk tests were run
123,000, 370,000, and 1 million
cycles in bovine blood serum at room
emperature. The bovine serum was

i i The eplaced on a daily basis for the longer
problem. Racent reports indicate poly- In the fon implantation process, ily  long
ed:yﬁ'lllnnrwwmhmthe d)emrheed‘aCo—Ctoﬂhoyeflic ute is its 'b.ysxopmng_dleexpenma.m,
order of 200 microns per year in a mp s exposed to ion  ducibility, and muctioning the liquid out and replacing
typical hip prosthesks, amounting t02  beams in a vacuum chamber An  trol, it with fresh serum,

mm of wear in ten years of operation.  active ion such as nitrogen  yield 3 Sm.ddl“oﬁllmmpg\-

Attempts to find an adequate  impinges on the surface of the Co-Cr ed to characterize the changes
substitute al for polyethyk alloy, interacting with the matetial to ted by ion implantation in the
have not been totally sful, and  beneficially alter the physical and chromium alloy. Coefficient of
no new zial is d to be-  chemical of the gurface. on between the pin and disk was
come available in the future. Changes in the physical nitored thmughoutthewurt_m-
Mue.ﬁn:in:andmz hod  are lly due to i of  may "% g, and surface energy determina-
to address the polyethylene wear issue - incoming ic particles with the UHMWPE Wear were made via water contact
and ovércome the problem of poly-  alloy's crystalline structure. The solid  minm, per se, is not Micrahard

Reprivsed, Orthopedics Roday, Axgust, 1991, Vol 11, No &
wof:ﬂzmmwmuwm

Wear results wete obtained by
disassembling the pin-on -disk couple
and measuring the groowe on the
polyethylene disk. The volume of the
groove was measured by a standard
pmﬁ]omeumdwasumhmdtoben
combination of cold flow i

or creep) as well as wear To separate
the two factors, several experiments
wete un to oly 5,000 cycles. Testing
showed the groove at this point is due
entitely to cold flow. All suh

grooves
and the grooves measured in the 5,000
cycle test is attributed to wear

Deasurements, taken at periods of
123,000 cycles, 370,000 cycles and
1,000,000 cycles, were cotrected for
this cold flow measurement. That is,
the difference in volume between the

s wear track pro-
files are shown in Figure | for each
test length. The wear tracks for the
control tests increase in size with test
length. Howeves, the wear tracks for
the disks opposite the ion implanted
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crohardness increased 42% at a 2 g

‘load, from 611 to 867 (Fig. 3), and
i UHMWPE decreased

friction against

from 0.131 to 0.089 (Fig. 4) The
water contact angle tests showed a
t ial & in surface energy.

Fig. 5: Water contact angise of con-
trol (s) and lon trested Co-Cr (b)
show incressed surface energy in-
duced by lon implantation.

'lhemmeunglechngedﬁom&_m
52 with a lower angle indicating
increased surface energy (Fig. 5)
DISCUSSION

Preliminary pin-on-disk results
show that jon implantation signifi-
cantly reduces the wear of the polyeth-
ylene in comtsct with cobalt 0
mium

bility, reduces the coefficient
tion, snd improves surface
oa Co- Cr alloys.
Preliminary pin-on-disk
ments show that the wear of pol,

can retain. Ion implantation i
the surface energy and, thus
ability of cobalt chromium to
liquid film (bovine serum or
fluid), minimizing contact

: by app )
three orders of magnitude. Close ex-
ination shows the ion treated co-

pins remain essentially constant
Here, a small groove, attributed en-
tirely to compression, appears after
5,000 cycles, but as the test progresses
the size of the groove does not
: indicating that no apprec
ble polyethylene wear is occurring.
P:(unbonwmdm{MWPBm
tesults are compared in Figure 2 for
ion implanted and control cobalt-
chromium. Results of the test con-
ducted using the ceramic pin are also
shown for comperison. These results
show that the ion treatment of Co-Cr
virtually eliminates wear in polyethyl-
ene, petforming even better then the
much mote expensive ceramic parts.
implantation had several notable ef-
fects on the Co-Cr surface. Mi-

belt- chromium has a lower coeffi-
cient of friction, increased surface

the water contact angle technique.
The increased wetability of the
surface and lower coefficient of fric-
tion are significant factors in reducing
UHMWPE  wear. Ht:weml'. these
propetties cannot, by themselves, ex-
plain the negligibly small wear on the

- ion implanted Co-Cr surface meas-

ured in the current study. Zsro wear

proves the hydrophilicity of the sur
f-oeand.zmptl)lxlehubﬂityoflhe
mﬁnetomhuliquidﬁhn.':e
liquid fitm, in turn, minimizes the
contact between polyethylene and ion
treated cobakt- chromium bearing sur-
ﬁeu,-ndlhmlimisdwprohbi!lty
of aspetity interlocking and plowing

sponsible for creating wear debris.
CONCLUSIONS

InnhnphnuﬂonofCo—Ct‘ord;o-
pedicjdnnlppuutobeeﬁecuve.w
addressing the wear of ultra-high

lecular weight polyethylene. Ion
implantation increases surface weta-

into an jon treatment productia
essing contract with: Osteo
division of Stryker Corporati
Under the terms of the
Osteonics has committed to &
an entire product line with the pe
In return, Spire Corporation

fered Osteonics an exclusive
ment for the duration of the
Ion implanted hip compo
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IMPLANTS ] INC.

June 2, 1992

Honorable Ted Weiss

Congress of the United States

House of Representatives

Human Resources and Intergovernmental
Relations Subcommittee

Rayburn House Office Building, Room B372

Washington, D.C. 20815-6148

Dear Congressman Weiss:

Thank you for your letter of May 28th. This letter
provides an overview of the medical need for and use of the
Fossa-Eminence and Condylar Prostheses currently manufactured and
distributed by TMJ Implants, Inc. for the treatment of severe
temporomandibular joint problems. These products were first
introduced in the early 1960's and have been successfully used
for over 30 years. The Fossa-Eminence Prosthesis is intended for
replacement of the articular disc of the temporomandibular joint
in cases of internal derangement, meniscal perforation, adhesions
or ankylosis, and can be used individually or in conjunction with
the Condylar Prosthesis. The Condylar Prosthesis is intended for
use in conjunction with the Fossa-Eminence Prosthesis to form a
total prosthesic temporomandibular joint where there is a loss of

condylar height, loss of meniscus with fibrous adhesions, or bony
ankylosis.

First, let me state that my background is that of a oral
and maxillofacial surgeon who practiced from 1948-1988. For most
of those years, much of my practice was devoted to surgery of the
temporomandibular joint. I was an assistant clinical professor
of surgery in the Department of Head and Neck Surgery at the
Medical School of the University of California, Irvine,

California, in the 1960's to 1970's. My ciricula vitae is
provided as Attachment 1,

17301 West Colfax Avenue, ‘Suite275 * Golden, Colorado 80401
303-277-1338 « FAX 303.277-1421
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Honorable Ted Weiss
June 2, 1992
Page 2

Having performed scores of surgeries on the
temporomandibular joints of patients, beginning in the early
1950's, I realized a more universal and dependable surgery was
sorely needed. In 1960, I developed a method of plating the b
of the skull with a highly polished metal fossa-eminence impla
which would allow the disc and condyle to function smoothly
against the nonchanging metal prosthesis.

In 1961, I placed my first Fossa-Eminence Prosthesis in
the joint of a patient who had had two previous joint surgeri
performed by another surgeon a few years earlier.
particular patient has been followed by me for over 31 years:
is doing very well (See, Attachment 2). The year following my}
first surgery, she required a Fossa-Eminence Prosthesis in he
opposite joint and it, too, has done well over all those year
Twenty-five years after placing her first implant, it was
necessary to place a Condylar Prosthesis on the first side dug
degeneration of the patient's mandibular condyle. The subseq
surgery was in no way related to the performance of the
previously implanted Fossa-Eminence Prosthesis. Indeed, at t|
time I was able to re-examine the original Fossa-Eminence .
Prosthesis which appeared just as I had placed it over a gquart
of a century earlier and continued to be fully functional.
the original Fosss-Eminence and the subsequently implanted
Condylar Prostheses have performed well together, relieving
patient's pain and disability.

Since 1961 over 3,000 patients from across the Uni
States have been operated on and have received partial
(Fossa-Eminence Prosthesis only) or total (Fossa-Eminence and
Condylar Prostheses) joint replacement. Many of these were
patients who had as many as 20 previous surgeries using other
devices or alternative surgical procedures without success,
for whom the TMJ Implants, Inc. prostheses were able to pro
relief.

Over the nearly 30 years during which I used this
technique to restore a degenerated temporomandibular joint
never had to remove an implant due to its failure, looseness;
infection, or any other related incidents. This technique is
used successfully by several hundred surgeons and in several
hundred hospitals across America. It is also used in numerou
university teaching institutions. Patient and physician
satisfaction of the products and clinical results have result

*in increased product demand. ’

| June 2,

or other adverse consequences.

temporomandibular
| Joint reconstructi
Publication of det
summer.

 Committee.
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(See, Attachment 3). Having had the opportunity of assisting
many surgeons and teaching many more I have had first hand
opportunity of seeing this technique help many patients.

Consgstent with my own experience, other clinicians have
had very few incidents of problems with this technique. I am
aware of one patient with an allergy to the metal alloy and
anot@er patient where a fracture of the Condylar Prosthesis
required explantation. Subsequent investigation of the fractured
condyle has led us to believe that the fracture was caused by the
surgeon attempting to bend the implant prior to implantation,
despite the fact that product labeling clearly warns oral
surgeons not to bend the prosthesis. There have also been one or
two cases of post surgical infection which were not related to
the implant, but due to the patient's resistance or to the
surgical procedure itself. Except for these few incidents, I am
aware of virtually no reported incidents of product failure or
other occurrence which has in any way resulted in patient injury

The usefulness of the Fossa-Eminence and Condylar

Prostheses for treatment of severe degenerative joint dis i
;furtper supported by the preliminary ) g e s
clinical study conducted by the University of Pennsylvania

results of an ongoing

(Attachment 4). A two year follow report of partial or total
joint reconstruction on 57 cases concluded that
on is an acceptable surgical technique.

ailed study results are expected late this

We hope this information has been a help to the

Sincerely,
TMJ IMPLANTS, INC.
ARefyodx (\YV} CSlh£533Q~4§Lc-kk\

Robert W. Christensen, D.D.S.
President
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MANDIBULAR JOINT ARTHROSIS CORRECTED BY THE INSERTION

. OF A CAST-VITALLIUM GLENOID FOSSA PROSTHESIS:

A NEW TECHNIQUE
Report of a Cage

Robert W. Christensen, D.D.S., Pasadena, Calif.

' DEGENERATIVE mandibular joint conditions are of frequent occurrence and

offer the dental profession a challenge in diagnosis and treatment.
This article will not attempt to discuss the many factors which may con-
tribute to the changes which occur in the Jjoint. Instead, it will be limited to a

| brief presentation of mandibular joint arthrosis and will deseribe my technique

for correction of the problems that were encountered in a particular case.
First, however, it is apparent that a neuromuscular imbalance is probably

the greatest factor causing the derangement of the mandibular joint.! Other

factors which predispose the joint to ankylosis are birth trauma, hemarthrosis,

t infections, fractures of the condyle, tumors, rheumatoid arthritis or osteoﬁhri-
i tis, anatomic variations in the condyle or articular eminence, or surgical pro-
i cedures on the mandibular joint (especially meniscectomy).

At times the patient may be unaware of the early stages of mandibular
joint degeneration until perforation, or even maceration, of the articular dise

| has occurred and early changes in the bony articular surfaces of the joint have
| begun.

If the perforation of the disc is small, we see, radiographically, a limited

- point of contact between the anterior surface of the condyle and the posterior
. surface of the articular eminence. This contact, being pathologic, causes resorp-
| tive processes in the articular surface of the temporal bone (Fig. 1) and fre-
E quently, to a lesser degree, at the surface of the eondyle.

This causes the condyle to move with more diffeulty, and usually with
pain and grating, when sliding over the roughened surface of the articular emi-

- nence. More traction is required by the external pterygoid muscle whose fibers at-

tach to the most anterior rim of the condyle. This traction produces the lipping
which is seen in this area of the condyle (Fig. 2). Pressure resorption causes a

| flattening of the articular surfaces of both condyle and articular eminence in an

attempt to minimize the plane of inclination which the condyle must travel. The

- resorptive phase may be followed by varying degrees of osteosclerosis of the
b articular surfaces.

712
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During this period of degeneration the pain factor may assist in limiting
condylar mobility, and fibrous attachment from condyle to fossa may develop:
In time fibro-osseous ankylosis develops, which will be followed by complete
bony ankylosis. : ' -

Generally speaking, the fibrous or osseous ankylosis requires the .samg
type of treatment with,- perhaps, slight variations in technique. Surgical inter-
vention is the only possible way of helping the patient with any type of ankylo-

sis,?

Fig. 2. ;
Fig. 1.—Laminagraph showing bone-to-bone contact through perforation of disc. Note ‘el
sion of cortical bone on posterior slope of articular eminence. dvie and fiat
Fig. 2.—Roentgenogram of joint showing lipping of anterior rim of condyle
of articular surfaces of condyle and articular eminence. .

Over a period of many years, previous authors have advocated eithe:
treatment or high condylectomy for fibrous ankylosis and osteoarthrot‘omy
osseous ankylosis.* A more uniform approach to both types of anlfylosxs wi
seem to be welcome. Every effort should be directed toward restoring a re :
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ably anatomic joint surface and to create the most nearly normal and pain-free
joint funetion possible.

In the previously reported articles on osteoarthrotomy of the mandibular
joint, various procedures have been recommended, ranging from placing nothing
in the new joint space to the use of faseia, muscle, cartilage, plastic, or metal.

Good results have been reported with each variety of osteoarthrotomy. In a
case that I reported in 1955 I placed no new material between the two bone
surfaces, and the patient has done well for 9 years.*

Ideally, it would seem that a rigid mechanical barrier of anatomic shape
should be most valuable. For that reason, I have devised a metal prosthesis
which is anatomie, creates a permanent barrier, and is well tolerated.

The problem that has faced oral surgeons who might have wished for an
anatomie prosthesis is: How does one know the shape of the particular bone
prior to surgery? Most attempts have been focused on attempting to restore a
lost condyle or to cover the condylar stump with a nonanatomic barrier. The
most promising procedure, from a strietly biomechanical point of view, would
be to place the prosthesis against the bage of the skull where unusual lateral
pressures would not tend to loosen it.

Fibrous Ankylosis.—It occurred to me that, in the case of a fibrous anky-
losis where it is possible to define the glenoid fossa and articular eminence both
radiographically and clinically, we should be able to cover this surface with a
thin, anatomic cast-Vitallium prosthesis.

With this premise, I decided to make castings to cover the glenoid fossa,

. articular eminence, and adjacent zygomatic process on each of twenty skulls

(Fig. 3). The castings were made 0.022 inch thick and were perforated on the

| surface covering the zygoma and lateral articular eminence with numerous holes

for the 5 mm. cast-Vitallium implant serews, which would be used for anchorage.
The articular surface is highly polished, while other surfaces and margins are
sandblasted. This thickness of Vitallium has also some resiliency and can be
formed slightly with pliers to allow for last-minute variations in contour.

The borders are extended, as shown in the photograph, to include the
glenoid fossa, articular eminence, and lateral surfaces of both, on to the lateral
aspect of the zygomatie process of the temporal bone (Fig. 4).

In the preparation of this type of prosthesis for any given case, it is im-
portant to have accurate roentgenograms of the Jjoint in order to obtain as
much information as possible concerning the anatomie shape of the joint.

Osseous Ankylosis.—1In cases of osseous ankylosis, the procedure needs to be

- varied slightly because of the loss of normal anatomie contour of the joint. In

such cases it is necessary to perform an osteotomy - below the normal glenoid
fossa and attempt to make it at the level of the articular eminence, In so doing,
one can be sure not to perforate the cranial cavity. In the past, it has been sug-

| gested that, if possible, the condylar head, or at least & 1 em. segment of bone,
| be removed. This has been necessary when no mechanieal barrier has been placed
in the area. In some cases, when a large segment of bone has been removed
. the powerful elevator muscles have tended to close the bone gap, thus allowing
- a refusion to develop and at times permitting an open-bite to occur.
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Fig. 8. Fig. 4.
. 3.— 1 few of skull with Joint prosthesis in_place. (From Christensen, Rol
W.: g.‘l gloéni"sztgg. 'x-n 3, 1964, published by Eastman l?odak Company.)

Flg. 4.~—~Lateral view of skull showing condyle resting against joint prosthesis.

By using many skulls and filling the glenoid fossa with modeling com3
pound or plasticene, one can make a pattern which will lie on the external:s
face of the condyle, fossa, and eminence and determine just how the cut sh
be made. If this small pattern is fixed with screws to the bone, then one:
follow the exact curvature of the osteotomy which will be most suitable;
making the final prosthesis like the previously mentioned glenoid fossa,
articular eminence, but following the contour of the pattern, one can be
that it will slide into place following the osteotomy. In this case, the con
head can be left in the fossa and the prosthesis can be attached to it. This}
creases the hazards attached to removal of the condyle. The thickness of;
prosthesis can be from 0.014 to 0.022 inch, so that varying degrees of a
ability can be selected. For this purpose, these thicknesses give ample rigidif
and act as a permanent barrier to a recurrence of the ankylosis of the,
It is conceivable that tantalum, about 0.019 inch in thickness, could be fabri
at the time of surgery and would also be useful. I have preferred cast-Vi
for its rigidness and also for the fact that the articular surface can be
polished, thus giving it a smooth surface for the condyle to function ag

In all cases of ankylosis of one or both mandibular joints, it is v s
correct the disease surgically, since, over a period of time, a fibrosis may ocexy
the elevator muscles, thus causing an additional type of restriction whigh
difficult to relieve. '

CASE REPORT
Sister L., a 35-year-old nun, was referred to my office on Dee. 5, 1860, for con ul
regarding an intermittent, dull pain in the right mandibular joint, which had been p
for 2 to 3 years. Pain to a lesser degree was noted in the left mandibular joint.
Past History.—The patient stated that when she was 7 years old she was struck
left temporal area by the pedal of a bicycle. A scar was visible in the skin for man
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She received no treatment at the time and did not recall having had any serious problem
with the joint until she was in her early 20’s, at which time pain beceme constant. At that
time (1948) a surgeon she visited in another city performed & meniscectomy.

The patient stated that she hiad experienced joint pain, cracking, and periods of trismus
prior to 1948 and was advised that the removal of the meniscus would alleviate her problem,
The surgical procedure was performed througl a horizontal incision at the level of the zygo-
matic arch.

The patient’s jaws were immobilized following this treatment. She stated that her
mandible functioned more smoothly and with less pain for about 1 year. Then she began to
notice the jaw deviating to the left side, and the pain and grating returned.

Over the following few years she was aware of pain and restriction of jaw movements
until finally, 7 years later, the same surgeon suggested a condylectomy to relieve the fibrous
ankylosis.

This operation also was performed through a horizontal skin incision, and the mandible
was immobilized by intermaxillary traction for 5 weeks postoperatively. The recovery again
was uneventful, but several months later the mandible began to deviate to the left, with an
abnormal occlusal relationship developing. The patient stated that the left mandibular second
and third molars and the left maxillary first, second, and third molars were extracted to assist
in closing an anterior open occlusion which had developed. The mandible became asymmetrical,
and occlusal equilibration, followed by gold crown restoration on virtually all posterior teeth,
was performed.

During the next 2 years, the patient progressively developed pain and grating in the
right mandibular joint. The history for the past 3 years was one of limited motion with
pain in the right joint and at times in the left joint.

Clinical Ezamination.—The patient was very pleasant and calmly disposed, with a
noticeable asymmetry of the face.

The left side of the mandible was elevated approximately 3, inch above the right side.
When the patient opened her mouth, the chin deviated to the left 12 mm. The vertical opening
was less than 8 inch. There was noticeable pain in the patient’s facial expression as she
attempted to open her jaws. The pain emanated more from the right mandibular joint area.

On palpation, the right condyle would move forward more than would have been expected
with the degree of opening that the patient could accomplish. In contrast, the left joint could
not be discerned during movements. There was tenderness over the right joint, and clicking
was noted.

The intraoral examination showed marked attrition of all the teeth, with gold crowns
covering most of the premolars and molars. The left maxillary molars and the left mandibular
second and third molars were missing,

Roentgenographio Ezamination.—A centric profile roentgenogram disclosed a shortening
of the condyle area on the left side, producing a 3; inch variation between the right and left
angles of the mandible.

Mandibular joint fllms showed a normal-appearing right joint (Fig. 5) with hyper-
mobility of the right condyle, to the point of near dislocation when the mouth was opened
8 inch.

The left joint showed severe degenerative changes. The condyle head was missing, and
the neck of the condyle had an osteoarthritic contour with much lipping and spurring of its
margins. Its position was opposite the crest of the articular eminence and showed fibro-
osseous attachment to the poorly defined, flattened eminence (Fig. 8). There was no change
in this position during open or closed occlusal position. The ‘glenoid fossa was empty and
appeared flattened, with areas of osteoporosis in its cortical margins,

A posteroanterior roentgenogram of the mandible showed an elevation of the left side
of the mandible, which was due to the condylectomy and removal of molar teeth.

Treatment Plan.—From the history, clinical examination, and x-ray findings, it was
apparent that the patient had a fibro-osseous ankylosis of the left joint as a result of the
previous meniscectomy and condylectomy (Fig. 7). Because of the unilateral ankylosis, the
patient’s mandibulgr movements were accentuated in the right joint, causing a constant strain
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nation, no surgical intervention in this joint was advisable at this time. Restoration of fune-
| tion in the left joint would mean taking three major steps: (1) freeing of the ankylosis;
(2) reconstruction of the condyle so that it would be in the glenoid fossa; and (3) creation
of a metal barrier to prevent future fusion.

-Restoration of the height and position of the condylar neck to its proper position could
best be accomplished by means of a vertical osteotomy in the ramus of the mandible and
repositioning of the proximal segment of bome so that its superior surface would be in the
fossa and its inferior-anterior surface would rest against the cut surface of the ramus. The
two segments of the ramus would be secured by a transosseous wire suture, and the mandible
would be immobilized for 9 weeks. Tha fossa-articular eminence would be covered with a cast-
Vitallium prosthesis, such as that described previously, held securely by two 5 mm. Vitallium
screws (Fig. 8).

Since the patient taught school, it was decided that the surgical procedure should be
postponed until summer vacation. Accordingly, on June 19, 1961, the patient was admitted
to St. Luke Hospital, and the operation was performed on the following day.

The routine application of Winter arch fracture bars was reinforced by a circum-
ferential wire around the mandibular arch bar and symphysis of the mandible. This prevented
| the lower arch bar from being pulled superiorly. An acrylic occlusal splint, prepared from
previous impressions and models, was designed to open the left posterior occlusion approxi-
mately 2 mm,

The vertical osteotomy of the left ramus was performed through a 1 inch skin incision
via the Risdon approach. The bone cut was made with a specially adapted bone saw (Christen-
sen variation of the Joseph nasal saw)s and was directed paralle] to the posterior surface
of the ramus from the mandibular notch to just forward of the angle of the mandible.

. o When the osteotomy was completed, the mandible could be immobilized in the acrylic
on the capsule and ligaments, which was manifesting its state of overfunction by eliciting splint by intermaxillary elastic traction. A sterile gauze dressing was placed over this wound,
pain, L, and the preauricular incision was made with a scalpel to facilitate the arthroplasty and free-

It was apparent that any attempt at restoring. permanent pain-free function In ing of the ankylosis. The skin incision ran vertically in the preauricular fold from the superior
right mandibular joint would be useless unless normal function could be restored in  to the inferior attachment of the ear. A skin flap was elevated by sharp dissection and sutured
forward with three silk sutures. The approach, to the level of the joint, was carried along
the cartilage of the ear by sharp dissection. When the lateral rim of the glenoid fossa was
exposed, we used sharp and blunt dissection to elevate the attachment of the capsule and
masgeter muscle until the posterior third of the zygoma and the lateral surface of the articular
eminence was exposed. )

The condyle stump was now fully exposed and found to be attached by very dense
fibro-osseous tissue to the crest of the articular eminence. The glenoid fossa was filled with
soft tissue which was reflected by blunt dissection with a periosteal elevator until the entire
fossa was exposed.

The flbrous and partially bony attachment of the condyle neck to the eminence was
severed by means of a scalpel and sharp chisel. When this had been dissected, the assisting
surgeon used a Kelly forceps to grasp the inferior end of the proximal fregment, through the
Risdon approach, and retracted this segment of bone inferiorly. This made it possible to free
the condyle neck from the eminence and to totally expose the anterior, inferior, and posterior
surfaces of the articular eminence and glenoid fossa, so that a suitable surface of bone
would be available for the cast-Vitallium prosthesis.

At this point the various cast prostheses, twenty in number, were placed against the
bone to check for accuracy of fit. One pattern fit all mreas precisely and was now held in
position while a hole was drilled for one of the 5 mm. cast-Vitallium implent screws. The
hole was drilled slightly smaller in diameter than one of the screws, and the screw was
inserted. This held the prosthesis in proper sdaptation to all the surfaces of bone (Fig. 9).
The second screw was then placed in a similar fashion.

The proximal segment of bone was now positioned so that the condylar surface was in
the most posterior portion of the glenoid fossa of the prosthesis. The inferior margin of this

v itlone segment of bone was now tilted forward to contact the posterior surface of the osteotomy
t’lenolﬂl ‘io-’-f?é‘-‘:’é’é’-‘u."}":‘»",‘;‘.: éﬁﬁﬁ:k.:ﬂfeﬁg?e&t WP leDt.e dm?l%hs. cgm}’r:gtorte-pg;*t 3 ; of the ramus approximately 5 ineh higher than the inferior margin of the mandible. Because
published by Eastman Kodak Company.)  the condyle was tilted posteriorly, there was a v-shaped space between the two fragments

Fig. 5. Fig. 6.
Fig. 5.—Preoperative roentgenogram of patient’s normal right mandlb:;l;rljolnt.l ¢ m
— tive roentgenogram of patient’'s ankylosed left mandibular joint. 'ro!
Chrlstre‘{fier?, nﬁﬁiﬁ?’v’&; D. Radl%eg. Z Photog. 87: 3, 1964, published by Eastman l{oda.k Com:
pany.)

Fig. 7. Fig. 8.

L 1= it shcwing ankylosis of condyle neck to articular eminence. 0

Chrlutz{x‘;en? ml%l;:;:vw D. g&d&og. &yPhotog. 87: 3, 1964, published by Eastman Kodak Cg
any.)
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above the point of contact at the lower margin, A single transosseous steel wire was placed
near the lower margin, where the two bones contacted each other (Fig. 10). This was found
to immobilize the two fragments adequately, since the jaws were secured by intermaxillary
traction.

The preauricular wound was now closed in layers; 3-0 catgut sutures were used on the
deeper tissues and 5-0 Dermalon interrupted mattress sutures on the skin margins, The Risdon
incision was now closed in a similar fashion. A small piece of Telfa was placed over each
wound, and a pressure dressing was used over this.

The patient’s recovery was uneventful, and she was discharged on the fourth post-
operative day. There was no impairment of any branch of the facial nerve; nor was there
- any disturbance in the mandibular branch of the trigeminal nerve,

The mandible was left immobilized for 9 weeka to allow the bone fragments to unite.
At the end of that time the intermexillary elastic and wire traction was removed. The patient
was able to open the jaws % inch, and the occlusal splint was removed. One week later, under
local anesthesia, the fracture arch bars and circumferential wire were removed.

Over the next few weeka the patient was able to open her jaws 114 inches. She could
create left lateral excursions with ease and excursions to the right to a lesser degree.

The pain which she had noticed in the left mandibular joint subsided after the operation
and has not returned. However, the pain in the right joint, which diminished for a few
months, slowly increased to the point where further evaluation became necessary.

Pain and grating increased in the right mandibular joint until, in May, 1962, new
roentgenograms were taken. These showed a much different picture than those taken in
December, 1960. The right condyle head was lying forward in the glenoid fossa, with bone-to-
. bone contact present (Fig. 11), The anterior inclined surface of the glenoid fossa showed
| early erosion of its cortical surface and a demineralization of the adjacent articular surface
of the condyle. It was apparent that a perforation of the dise had occurred.

The left condyle had been totally free of pain since the insertion of the prosthesis
one year before, but there had been only a partial return of its normsl excursion. The
subtotal return of function was probably due to the loss of the attachment, or function,
- of the external pterygoid muscle as a result of the earlier condylectomy, or it may have been
due in part to some fibrous adhesions which occurred during the period of immobilization.

Although the patient’s jaw could be forced open 13 inches, severe pain in the right
joint limited voluntary opening to less than 1 inch. It was decided that a cast-Vitallium glenoid

Fig. 9.—Roentgenogram of left mandibular joint with prosthesis In place. (Fro
sen, Rogert W.: D, i&adlﬁ. & Photog. 87: 3, 1964, published by Eastman Kodak Comp g, 12 Fig. 13.
—_ ing healed vertical osteotomy and tra
wire fx;lgblioc'e. ?I-o‘:gg ‘é‘ﬁfﬂ%&&‘nfei{o{,%ﬁ“%v’.'?%. nﬁadexgge, & Phgtaog‘.)lu: 3, ’1’934. pub! ; Fig. 12.—Centric profile roentgenogram of skull with jaw open and prosthesis in place.
Eastman Kodak Company.) - Fig. 13.—Roentgenogram of right mandibular joint, in closed position, showing condyle in
Fig. 11.—Roentgenogram of right mandibular Joint, taken in May, 1962, show prosthesis.

articular disc.
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I have used this te hnique six times in the past 15 months (1961 and 1962)
and have seen the restorucion of normal, pain-free function occur in each case.
Although it may be too early to make a complete evaluation, it is believed that
this new technique will prove to be of value to many persons suffering from
various degrees of mandibular Jjoint arthrosis.

I wish to express my appreciation to Robert F. Chapin for the photographs used in this
article.
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Fig. 14.
Flf. 14.—Roentgenogram of right mandibular joint with Jaw open 1 inch and cof vid
or

Fig. 15.

moved ward in prosthesls.

Fig. 15.—Posteroanterior roentgenogram of skull, showing position of right an
mandibular joint prostheses.

fossa prosthesis should be inserted in the right joint in an attempt to curtail the res
processes and to allow the right condyle to move free of pain.

The operation was performed at Huntington Memorial Hospital on Aug. 4, 196
few specific variations of technique and observations should be recorded briefly. )

The operation was performed through a preauricular incision, and the upper joint.s
wag exposed by careful dissection of the capsular attachments from bone. The erosio
cortical surface which had been noted on the roentgenograms was now visualized clin
Adjacent to this same area, the articular dise was seen to have an oval-shaped perf Al
The articular surface of the condyle, as seen through the perforation, appeared norm I
facilitate exposure of the glenoid fossa and articular eminence, the capsule, dise, and con
were retracted inferiorly with a special retractor. When the prosthesis was fully in
mandible was moved with great ease, causing the condyle and disc to slide freely and
over the highly polished surface of the prosthesis.

The patient’s postoperative course was most interesting. On the first postoperativ
she was able to open her jaws 114 inches and go into left lateral excursions with ease
was no grating or limitation of function; nor was there Jjoint pain. On the third postope!

without pain. Less than one month after the surgical procedure the patient was abl
her jaws 114 inches, and to date she is totally free of pain (Fig. 12).
Radiographs taken one month after the operation show the normal functio:
right condyle against the glenoid fossa prosthesis (Figs. 13 and 14). The Pposter:
mandibular film shows the position of both the right and left joint prostheses in.
to skull and mandible (Fig. 15). .
This patient is most grateful for the relief from’ pain and the restoration of n
which this procedure has afforded her.

SUMMARY

This article describes a new technique for creating an anatomic, physi
prefabricated, well-tolerated mandibular joint prosthesis for the correctic
early and late mandibular joint arthroses,




