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Silicone Gel Breast Implant Failure and Frequency of Additional
Surgeries: Analysis of 35 Studies Reporting Examination
of More Than 8000 Explants
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Adstroat: Akhough It (s well kovwn tha silicons gel breast bnplants (SGBIs) produce many
“oeal™ complicoations (.e., pain, hard Gbrens caprainc, disfigurement, ehrsair inflavwuation,
Envplant shall fallnre) aud sicossbiste frequent surgical revighons, no Iarge cobort retvospactive
quantitative anslyals of ciixical data hos been reported te dute, especially for the prevalence
of follures and additonal surgeries. Datn from 33 different studiss that encompass more than
WMMWMMMmemW';
ofnypversir ¥ explanted-irthe @efiniiive method-foridotermining thall inteprity; (e
stwidies that were used were ones that reported impisut daration, the total mambar of SGRs
axplanted, and the mumber of SGBEs for which shall rupture or fdlure (“not atact™) was
cobfirmnd tpon surgical removal. An exponential regrassion plot of detn indicated a direct
oavrolation of Impiant dorstiss with pereent shell Peflare (r* = 0.63 and r = O.79 ). SGBI
fallure was found to be 36% at S years, 50% at 10 yoars, snd 70% at 17 years, The fullnre rate
was €% pir year duriag the st S years following primary Inplest surgery. ANOVA
comparison of ihree implant ogs gronps (wean imylent dursfions of 3.9, 10.2, and 18.9 yvars)
Tudiested & highly significars satletical corrnistion of pereent failure with hnpiant duration
(p < 9.00), Complications necessitading ai fensi ooe additions] sugery occutred for 33% of
fmpiants within € years following priwary tmplant surgery. Shell [nilure was found to be ap
order of magnitude grester tham the 4 t» 6% rupture provalonce mggested by the AMA
Cowucll o Sclentide Affairs in 1993, the 02 to L1% cited by mamufactnress af that time, snd
the 5% rupiure that was siuted to be “not & safaty standard that the FDA can accept.” © 1999
John Wilay & Sonw, Eno, § Diomed Mater Res (Agpl Riomater) 48: 354384, 1999

Kaywords: xilleone gel breast impianic; explant analysis; sficons hwpiant eomplicatisns;
fablure; ruptare

o, 12963 [ o041 in surrounding SGRBIs

INTRODUCTION inflammatory processes
end the migration of silicons flald from the “gel” to the

Silicone gel breast implant (SGBY) fullure, which is the loss
of ellizone elastomer shejl integrity (most aften tormed in-
plant rupture), is a complication that has been reported with
increasing frequency. SOBI faihuire is often asaociated with
other so-called jocal complications such as pain, disfigure-
meut, chronic inflammation, and frequent additional surger-

None of the uxkors has & Ansnsisl istswst in o7 feancial mtsinoshin wish wy
cempany whoes poduct wae Studicd in this tecenrsh. One suivor (B.P.G.) swrved a &
cansulrsar fa heeaat impian: Htigatie oth ow bobelf of wasen o plaisits asd plastic

margents 2a defendagts.
Raferssces 1-35 are thoss wead for the failare syt (een Fig. 1)) 3571 A0

addifional e clistions.
Cornexsandonce w: Prof. T, Coldbery, Blomalerials Comez. Dagt, Mmasials Sei-
oxen, 31T MAR, Usiveralty of Flodda. Galrarvils, FL 2511
Graet ; Univershy of Marlds Fengdaton: and Biecscwialn Caster. Do-

[ Solanss snd Naginawing, Univarsiy of Plorida
& 1999 faha Wiley A Seas, Jom

parcachyma of he beaast, lymphatics, and muscle ussues
from even intact SGBIs are well established.'é2237** The
migration of siticone flufd may also be problemetic in view of
ucertainties about silicone ofl blocompatibility. In chls re-
gard, plicone fiuid injections in humans were reported in
{975 10 exhibit “sdverse systemic =ffects™ including migra-
tion with liver dysfunction and foreign body granuloma.™ In
primate studiss. injection of silicone oll into the vitreous of
the oye was found to produce reticopathy with mrked de-
geveration of ganglion cells.*® The most common low mo-
locutar weight silicone fuid constitnents [Le., the cycilc tet-
ramer (D4)] are not biostable and their memabolic product
hava been shown to exhibit ndverse toxicological propertiss.
In vivo studies in rats amd primates have demonsrrared that
they undergo membolic oxidative and/or hydrolytic demeth-
ylazion o silanol compounds,*’~** and these silanol com-
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pounds have been reported o be “profoundly toxic™ in rat
studies.** Inflammatory and toxicological complications are
therefore likely to be exacerbaped by pross leskage or rupture
of SGBIa. As a result, breast implant failures may pose an
insidious safety problem with the potential for systemic ef-
fects, some of which may not become evident for many years
after inidal inplant surgexy.

The composition of most silicone gels is actually 85 to
95% silicone Auid *5#8 Only 3 very small amount is & true
chamically crosstinked silicone gel. The faclle diffusion or
“pleed” of this silicons fluid from the so-called gel into and
through the shell of polydimathyisiloxsne (PDMS) elasiomer
is 2 well-established phenomenon.+Egradarion of the shell
machagiosl. properties oecurs doe 1o swelling of the-silicone
slaitomes-shell-by silicons fiuld; for exampls, for an umim-
planted control SGBI, #*decessse-of 43% i shell tensile
+ steongsh. (Gou. L350 to- 754- pel) and- 4696 in- wer stoength’

(frowr§0-10-43- fivin:) was meassed 3.5 yoars: after menufec-:
‘mre“? For Siastic-I a decreass in tensile strength of 32%
(from 808 to 553 psi) and T9% in tear strength (from 98 10 21
Tbfin.) was reported aftsr 1 year of shelf life (unimplanted).
Similar results were obmined for S{lastic-IT, but an improve-
memt was ohserved for fluorosiloxanc blead barrier coated
Silastic-1I: aﬂ%dmeaseinunsﬂunnshbuthnlem
in tear streagth at 1 year on the shelf, 4 Mm
sive- iy vive- degradation. of SGB1 shell bes also
.bean. repostad. by many This wesken-
ing of the. shall coupled with prolonged cyclie mechumical
. Sioaas oves e induces. failire. (Le., mpmne er foss of stiell
wmmeh’m of frée

with- the-physiolepicsl

retained within intact capsules for some time and so limit the
immedlate transport of ths major gel mass info extracapsular
tissues. However, diffusion of the silicone fluid through even
mmcapmhshudswmapmhnihmmoﬂmimm“
with consequent more distaot tiasue interactions.

Few large retrospective clinical studies concerning breast
implant failore have been reportad, although the number of
small studies published by dividual plastic surgeons, radi-
ologists, and pathologists has been growing since 1992 coin~
cident with the moratorivm on the implantation of SGBIs
{mposed by the FDA due 10 a lack of adequate safety data.
However, the prevalence of silicone shell failure hes re-
mained uncertain, Althaugh manufectursrs suzgested a range
of 0.2 w 1.1% in 1992, the AMA Council on Scientific
Affzhmpmtinlmiﬂuﬂimdn‘}:wdma"nf4wﬁﬁ
rupture. 5 At that time, Kessler et al,° noted repots of much
higher values (15% to 20%) and indicated that even 3%
rupture was not an acceptable seandard of safety for the FDA.
The tms dependence of rupcare, hence the mue of failure,
was also generally ignored at thet time. Soon after, various
authors began to report much higher rupoue values (e.8.
36-95%> md 58—-81%') and noted that failure prevalence
increased at lomper implant times. Many wars studies, a3
reported here, especially tha imporiant recent large cobort
studics by Middleton™ (for 798 explaats) and by Feng™* (for
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1619 explants), also clearly indicate that the prevalencs of
implant shell fathure or mpturs for SGBIs is quits high and is
indeed directly related to implant duration, which is consis-
tene with the view cow expressed by mawy anthors thas ime
Wewo is 4 major faotor- coneribvasing.-»- weslsming-
évennml iture of SGBIFvivli.

Women submit to the risks of additional surgery for 3GBI
remaval due to a varisty of setious health concemns and
symptoms, most commonly pain, hard hreests die to espsular
contracture, disfigurement, evidence of rupture, and various
other complaints. The formation of fibrous scar tissue, a
“capsuls,” around breast implants followed by contraction of
the capsular tissue is a particulasly frequent and well-known
complication following breast implant surgery. Gabriel et
al.!? indicated capsulsy contracmare to be the most common
resson for reoperation in their 749 woman cohort, k was an
indication for 131 of the 178 women (74%) who hed eddi-
tional surgery within 5 years of primary implant surgery. In &
prospective study, Hakelius and Ohlsen’® replaced 17 of 25
smooth SGRIs (68%) due to breast hardness within 5 years.
Capsular contracture Is therefore an impartant complication
that causes pain, hardness, breast disfigurement, possible
tssue necrosis and implant extrusion and is an indication for
frequent revision surgery 1o remove even infact prosthases

Given this background, it is Instructive to consider the
retrospective 749 woman cobort Mayo Clinic epidemiologi-
cal study published by Gabried ¢t al. in 199477 that has beea
so widely citoed in support of the safety of SGBIs becanse it
eancluded that there was liftle evidence in this small patient
cobort for slicone induced autolinmune disease. Data were
not reported in this anicle for the incidence of revision
sorgery or rupture of implants. However, such data had besn
collected and were subsequently published by Gabriel et al in
1997.12 This later article indicated that them were frequent
so-called “loeal complications™ (i.e., pain, capsular contwac-
rure, and rupture) aecessitating surgery for 24% of patients
{178 of 749) within the first 5 years following initial jmplast
surgery. Soms women required as meny =s three, four, o
tven five surgeries during that time. The prevalence of nup-
tires was also given for this group. Explanted patients ex-
hibited 24% ruptore (43 of 178) at an aversge implam durs-
tion of 2.5 years.™ 1t is interesting that Gabriet et al. reportec
rupturs as only 5.7%.'2 However, this pecoentage was basec
on the use of the toral patient cobiort in the denominato
(assuming, with no evidence, thar all 571 women who did no
have swrgery had intact implants). [n our view, only tx
exp!mmdpadempomﬂaﬁmshmldhavcbunundindu
mlwhﬂmwgluawiauﬁﬁcauyvmdmultsmmn
remove and examine an implant ia the “gold stapdard,” th
ooly relisbls method available, for judging the stuctura
integrity of SGBI prostheses.™

Several articles used in this siudy were primarily con
cerned with the ovaluagion of different imaging techniques fo
datection of implant failure. Surgical removal of the SGBE
was used in (bese studies to confirm implant rup
tupe 38-15242521.38.33.4 £y axampls, Berg ot al. examine

122 single-lumen apd 22 double-lumen SGBIs using mag
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malic resonance (MR) and vltrascund (US) imaging followed
by surgical removal and explant examination.® Those ex-
plants that exhibitsd gross rapture or gel leakags wers con-
sidarad to have thiled: 80 of 144 (56%) failed at a mean
implan age of 12 years, Forsberg et o1.! avaluaed US imag-
ing for 45 SOBIs with 19 expiaats exbibiting rupuure (42%)
when examined st surgery, The mean implant age was 9.8
years. Reynolds et al. compared MR, US, and

for 24 implants prioe 1 sugical removal with 13 of 24 (54%)
futling st 12 years.® Caskey et al. evaluated 221 implants by
US but only 41 were sxplanied. Nineteen of 41 (46%) were
found o be rupeured at & mean implant age of 10.5 years.?’
Petro er al.** presanted a preliminary study of 154 implants
evaluated by US, However, only 22 were explanted with
sevan of 22 (32%) ruptured at a mean implant time of 3.1
yoars. Palmon ot al. examined 64 implants using gray-scale
sonography. At surgery, 26 tmplants (41%) were found to be
ruptured.™ In a rocent report for 798 explants by Middle-
ton,>* MR was Investigated for rupture diagnosis.

Many other artices on the evaluation of nooipvasive im-
aping techniques 10 determine breast implant failure have rot
clearly mporied impiant age for prostheses removed surgi-
cally to confirm thalr imaging results. Such studies are there-
fare of litle value for implaxt duration versus faiture analy-
ses. Furthermore, the literamre on noninvasive imaging of
SGBIs clearly indicates thar, although expensive and sophis-
ticased MRI methods may prove more helpful and more
acconuts than US oc mammography, esplant surgery is the
only reliable meshod ovatloble for determining the status
$GRIs. M Unformnsealy, becanse g0 many articies conoceming
SGBI revision surgery present iscomplets data, especially for
implant duration, results for thowsands of reported explants
have been “lost” for analysis.

In view of the foregoitg and the call for more sclentific
information on rupture by the July 1998 UK Hounse of Com-
mons sponsored review of breast Implant safety,™ it was
considersd Important to expand our preliminary faikurs apal-
ysis for 1652 explants that was published in July 1997.%
Bocause our dats hase now emcompasses more than 8026
explansed SGBIs from 34 articles and the authors' nesearch,
the study reportad haee is far more axtensive and statistieally
reliable than any published 10 date for evaiuating the fre.
queacy of failure and odditions) surgeries for SGRIs.

METHODS

Data Bass Critaria

Medline data bases were searched, including PubMed and
Silver Planter sarvers, from 1969 through the carly pant of
1598 to find articles containing SGBI data for this study. This
was sugmented by manual raview of the surgery Heerators,
Articles were reviewed to determine the number of breast
implant failares, the total number of SGRIs explaneed, and
the associated mean implane thues (sometimes average or
median). To insure unequivocal failure dats, oaly rapocta

involving surgicsl remeval with direct inspection of SGBIs
were used in our analysis.’® Althoogh literanur data were
reported in many different formaats, we were camfnl In our
analysis of cach data set to reconcile these differences o
create & uniform apd selfoconsisient daps base. More detailed
explmﬁomofhwﬂﬂswudmformnynﬂchshpm-
sented in the following soction. Alsn included in our dam
base were regulis from the authors' resesrch to datc tha
involved the examination of 74 explaniad SGBIs with & mean
implant duration of 10 years. For this serles, 31 (42%) weee
found to be ruptured,'®

A wide varlety of terms have been used in ths Ueerstare w
describe implant “fallures,” by which the various authors
mean implants that are “not intact,” that Is “raptured” or have
“lost shell integrity,” Thix not insact criterion that defines the
term failare for this stedy encompasses such terms as “rup-
tired,” “leaking,” “damaged,” ‘torn,” “puncoured,” “dis-
mn nmmn lldi’hw'ﬂ “'Implll'lt Mhn"m'a
“pin hole” (1-2 mm holes or tears), “fragmented,” “gross
leakage,” “loss of shell intagrity,” “disintegration of the
shell,” “not intace,” arc, All of these terms have bean used hy
different zuthors o indicate failure of the silicone elnstomer
shell, However, reports of “oily" explant shel) surfaces char-
aciaristic of nonmal SGBI bioed were not regarded as fullores
fox this study.

Data Used for Analysls of Percent Faliure Versus
Impiant Time

‘This analysis encompassed data from 33 reviswed ard-
oles plus a leoture presanted by Fi at the July 1998
Insdnute of Medicine Workshop on the Safety of 3GBIs. Also
included was our seriss of 74 SGBI explants with 4 mean
implant age of 10 years (muge 4-25 yoars) indicatng 31
ruptares (429%)."% All studies provided dain for the total
murnber of axplants, the number of failed explants or percent
failure, and the mean or average explmnt age. Note that the
terme “$mplant age.” “implagt time," “expiant time,” “explant
age,” “implant durstion,” ctr., all refer 1o the time that im-
plants bave been i vive prior 1o explantation. Parcant fajlure
was ploded at mean (or sometimes average) explant time
intarvals, estimated [0 the nearest half-ysar. The mean per-
cont fafhew war dateqmined for each tima poiny. Where
detailed raw data were availsble (six artigles?$2! 283438
cxplants were growped into three mgjor ioplant doratdon dme
periods of about { to 8 years (early), 9 to 16 years (mmiddie),
and 17 to 23 yeams (lase). A maximom moan ar average
implagt time point of 20 years was used for caloulmions
(which, of course, includéd data beyond 20 years) bocause of
the relatively small number of very -erm. sxplants re-
pocted. For example, for the article by Peters et al.,” which
preseqted four explant age Zroups, the two Ister groups (data
to 26 years) wers cotnbined and plofted wr ant average age of
18.5 yours for 28 explants, 18 of which (64%) hadt faflad,
Similarly, for the two most extensive recent smdiss, addi-
tional data for 798 explents® and 1619 explans™ wers
kindly provided by me anthors and oldar explants in cach
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study wets combinied into sipgle mean age groups of less than
20 years, Such combinations of smaller groups of impisats
older than 20 years were made for five articles, 5343 In the
case of the five group data set of Robinson et al.,' aumerical
explmfnﬂmdmwemudmﬂdﬁomanenhrgadeopyof
Robinson et ab's Figure L. The last two explant groups,
coveringaﬁmepe:iodofl!SmZSyun.wemwmbmedinw
mywpwiﬁmamgengeofmym.hmudele
byPum:td..dnnwmmsmdfmdlf&rentpeﬂodsof
manufacturs and implant designs, designated ganerations 1
and 2.'* Median implant times for thess two groups wete
mmmm&mﬁmw&an”
was 8 years. Therefore, only middle and later time groups
wmploued.uowem,forCoMnetaL.ltwaspouiblatom
three groups es presented in their article.”

Three relevant siudies were included that unfortunately
mﬁdedoﬂyinfmnﬁononmenumhuofpaﬂmumn:had
suugimlmislonaandmpmmmhermmenumbuof

versus time plot (Rig. 1). Becanse the number of expiants in
dumnnmnﬂsumsadmnﬂygnmuxlhanawopwrpnﬁuntduztn
multiple revisions (e.g., 2.3 explants/patient within 5 years
for Gabriel et al.'2), the total sumber of explauts involved in
our data bass exceeds 8026, In the 1997 Gabriel report 24%
(178uf749wmn)mqulmdat1emonem3icalmision
duemwrngﬁnaﬁomwldﬂumeﬁrsmymnﬁouwinghiﬁa!
SGBIsurmmdmpmadbmmmphnuwm&mdfa43
of the 178 patients.'® This 1 24% failure for the 178 parients
exphnted.ForShw‘betﬂ.“onlydmforaplamdpaﬁm
mnpmmd(ﬂ:mwid:siﬁmeinjecﬁmwdomwci-
denmﬂyrupmmdwmmludad).mulﬁnlinST of 9§ pa-
tiemswithmpnm(”%).!nhirddmpohubnsedonme
numberofpaﬂmunﬂmmmfhcmmberofexplamsw
fram Thomas et al.2® in which 11 of 25 petients (44%) were
found to have at lexst one ruptared implant at a mean implane
time of 104 years.
ﬂwmnaluingsmdiupmﬂded:esuluﬂomwhichmly
ome mean or average Ume point for perceat failure was
avaihblc.asstamdtnemhuﬁoh.ForenmplADuﬁym
Woods”prenmdmumformomwhomdveda
total of 681 implants(s.d.lpnﬁen:)widamkalﬁndingoof
5T (%%)inm@l@(lﬁ%)ﬁihdnnmﬂnﬁmenfw
moaths, Guidoin et a3 listad several age groups from which
oneimphmﬁmaofs.‘?gunwumm(mdphﬂad)n
5.5 years. Medor ot al. also provided several age groups
from which a mesn implant age of 10.7 years was
(plomdatl[).ﬁym).l‘-‘onhepaperbymbugetal.‘
indicating 190f45uplmtshihd(4lﬁ)uumnnageof9.8
ym(plomdntloym).ﬂuamdmweuedbe-
cmemmappumdwbeamﬁlcdasnumer’mlminm
text of the article. Malata et al.'3 reported 19 of &3 explants
mpmredﬂammmunwot'?ymmlnimﬁonof
74 explants by Goldberg ct ol.'* Dow Coming,
Baxter/H-S, and Surgitek single-iumen SQBIs, and McGhan
sinziﬂ-lnddmblc-mnSGBIs.Inthismeﬂ!:hSIofM
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explants were found to be rupnwed (42%) with a mean
implant durarion of 10 years.

The period of explant surgery covered by data from dif
ferent aydcles that appeared to have besa published by the
same research grosp were compared o insure that no signif-
icant ercar coald be atrributed to redundant reporting of the
samo data (three cases, six articles). For example, Berg etal’
published results for prostheses removed from January 1957
to October 1994, whereas the data preseated by Caskey o
2177 (apparently from the the sams ressarch proup) preseniec
reanles for implants removed during the period January 199:
o November 1992 and was therefore not redundant.

Two articlez used in this study were primarily concernes
.with the measurement of silicon concentrations in near arx
distant tissnes surrounding explants,'’ !¢ and two examines
the migration of silicone fluid through the cepsule histologi
cally. Although they provided usefol implant ruptur
results for explanted SGBIS, they also shed considerabie ligh
upon the extent to which silicone fluid is transported awa
from the local site of implant leakage or ruptuce.

Most mathors (all except six) presented various reasons fe
mviﬁnnm.?mnmmhl.whichmm
mﬂmquaﬁﬂﬁwinfmmaﬁon.itwnsesﬁmmadmm
ﬁo%ofe:p!mtswere&ompaﬂmwhowmmmm
(bus had serjous health concems) andfor had acvere capsul
coatrachire, 30% were from patients with variots syrpron
atic complaines, and 10% had suspected Tuptures.

Mmmandcmcmmthdmw
implant Time

Sevmlmaumaﬁmlrelaﬁnnshipswmevalmwdudngsi
maStat 2.0 and SAS 6.12 to determine the best correlati
umimplnmdmﬁmmdmﬁlm.mmmd
multiple order polynorial (first, second, and third order) &
exponential nonjinear regrassion, and logit analysis.® Scle
ﬁmofmemnnmanin;fulandyaismdmmﬁtww
uponmeduﬂuhnﬂaofmshmﬁsdedsigﬁﬁmmdm
logicaldmcmveﬁl.?rimmcouidmﬂonsformem
logbdmﬁtwmﬁat&mmmhibiuo%ﬁﬁlumm
zemthmpointandnotexuwdlm*fnlmatmyﬁn

sons and constraints for these analyses arc presented
Tabls I. Data for three age groups spanning the entire d
base (mean implant dorarions of 3.9, 10.2, and 18.9 yer
were also subjected to statiutical analysis (ANOVA) o o
pmlhadiffmemeﬁnpememmlmuafmcdonofhnpi
duration.

RESULTS

Results obtained from regression analysss are summarnize
Tahleﬂ.Onthebasisofsmﬁsticalmdlogimlcﬁm
exponentisl jon, which satisfes both the zero U
zero failure and 100% maximum limits sud exhiblis
nighsst * (0.63) and corectation coefficient (r = 0.75)
fadoddxammtnﬁsfacm:ymmmimofpucmth
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ence labels. The mean value for paccent failire & each time
point is shown as a dark circle, Table [T summarizss dam for
the number of explants, number fallad, and percent failire ar
each fime-point.

ﬁummhlnﬂwh,uuyimphmﬂmhpmﬁm
of an mnlwhcuwhmmmcquﬁon

F=100(1 = o040,

where £ is the percent failure and 7 is the implayt duration.
mm«m@mmmmmmm
tionotﬂunumbuuﬂxpllmateuhﬂmpoiminthedm
Mmumwmhmﬁmiﬁmbﬁnﬁmmm
mmmmuhﬁmlwmm:ﬂy
hmmmthmmdﬁeupmﬁlequadnnwhh
mﬁmeﬂ%hﬂmmﬁb.khﬂwnmwﬁymudu
anbmm-wymmdmmd
uplmmdscshﬁaruniaidﬂms-ymﬂmpﬁodn(n*
20355or0—5yms.u-2560£m5—10mn=2332fot
10=15 years).

TABLE: 1. Ragression snd Curwe Fit Arwiysis

‘00-X- . Document 412
anCB5fR C0pBRP 05 R 0.6 P.612
358 MAROTTA ET AL
TMLMIWMMM#MM%MMW
Apalysis Bauation Constams Coastrainte
Pimm-order polynamisl Jea+ by ¢ = intarospt None
b = slope (Failure ratn)
Secoud-onder palynomia J=a+ br+ o8 n=fi£'upt Note
. b & c = consmprs
Third-order polynomis! Foa bt +ef + 4 ¢ = intsrcapt None
b, ¢, & d o consiany
Exponeasisl f=al ~ g% a = asymplots e = 100%. ¢c >0
¢ ™ constant
Logit analysia gl - pea+m a = [percept None
b = constany
wmmnummmmm-_h}um
with masg implant durstion. A highly significant seatistical DISCUSSION
difference (p<0.001)inmmpmﬁﬂmfotthmm
W(ZM%ﬁuﬂumnleﬁ.mltmamud . . .
7L6% &t 19.9 years) was found by ANOVA. Paitwies oral. Am‘mﬁﬁwm Indicase it the
v is0a8 of indivd _ prevalence many
Pls comparisons of individnal grougs also showed signifl tsses higher tan suggesied only & fow years sgo, Unfis)

sately, the consequences of these complications to women's
huld:mmhavebzmuhnmeuﬁnlymmmem
ufﬂ:eovwhelmm;mﬁmthnhabmfoemdonthe
“sucimmune dissase™ . However, autoimmuns
dismeisnotunonlyimpmnﬁtylnmfwunuda-
viees.ﬂpldmiolowudimunologymdlumdeﬁuiul
u:bhsmnhmbmdmdinmofsallw&.a..
Oabris] et 1™, Hennekens ¢t 1., Angeli®, Connel™) have
Momm“mwhthorh
loalcmpliwiouofpﬂn.upwmmmm disfigare-
ment, chyonic infammation, rapture, siticone migration, and
frequent sucgical revisions. Gabirial et al. acknowledged the
gravity of these complicarions in their most recent articls )2
Ind:iseomtwhuismix{uisthewy«vaﬁar
atimdas of those who have etdorsed the “mafety” of SOBIs
whils paying so little aicotion to the sclentific basis for the
inherent materialy and design Aawz in this peoathesis and
the mental anguish and surgical risks that confront so
many woman who 00w realize that local complications can
prove 1o be very serious. The largs data base analysls of
Scalfmmmmmdhmmundcmkmtomvidna
more comprehensive and rellable scinntifie basis for eval-
vating the likelihood of SGBI abell failure and additinnal

surgery.

Corrolation Statisticel & Logieal
Equation Corve Fit Cocffcien: Intercep Maximum Correlarian
Fiezt-ardar regremsion rP=0.89 o7 14.6% » No
Second-order cegression r'=0.60 0.78 1% 7% No
Thict-order regreasion =0.60 078 1.0% - No
Exponemisl regresvinn P=0.63 a7 o% 100% Yes
Logit analysis P<0.0001 NAa 19.4% 100% No
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Flguie 1 Percant fatiurs vs. Impiant durstien for silicons gel braast implants,

Prevalenoe and Rate of Fallure for SGBI

Ta the best of our imowledge, the analysis of SGBI failure
versus implant duration presented here is the most compre-
hensive available 1o date. W

rchsniesl failure of SGBI shells becauss it is based entively
» vpan the examination of explanted: breast implsnts. Explant
results from 33 peer reviewed articles from a diversity of
research groupa pius an NAS-Instimits of Medicine lecture by
Feng** and studies from the authors’ Iaboratory'® axe repre-
sented. These date encompass more than 8026 cxplanted
SGBIs. They range in implant duration from 1 to 30 years and
3409 of 8026 (42%) exhibited silicone shell faihwre. Because
fuilure vernua time has besn plotted, the tme failure 7a12 may
be determined frorm the data or the slape of the tangent to the
curve at varioua time intervals rather than just the incidence
or prevalence of fatlure that have 50 often and so incorrectly
been reforred 10 as & rote o much of the literanwe and
mantfacturers’ reports,

It may seem simplistic 1o emphnsize the need for the
carrect use of the term rate here, but the problem is so
widespread in the breast implant literature thar it is evidendly
nocsasary t0 meke it clear thar a fhilure or mpture rare
requires “time™ as am asgocisted parameter. Therefore, to
properly use the term rate the time must be indicated {e.g.,
miles per hour (not miles) for 2 rate of speed and percent
rupture per year {uot percent mpture) for a rale of breast
implant mptute).

The loss of structural integrity for a breast implant is a
safety problem thet can be just as important [0 & parient’s
health as the potential for autaimmune disease complications.
Percent failure versus inaplant duration is prasented in Figure
1 as an exponential regression plot of deta for the more than
8026 explanted SGBIs in this study, Thiz curve is similar 10
that published in a preliminary repoit from this laboratory for
1652 explants.® Figure | indicams 30% failure sz 5 years of
implant time, S0% at 10 yaars, and 70% at 17 years. From the
data one may also estimate an SGBI failure rate at any time
point or gverage failure rares for some interval of time (ic.,
6% per year during the first 5 years of implant life, 4% per
year during the next 5 years, and 2.9% per year for years
10-17).

The prevalence and the rate of failure now indicated by the
many explant stadies citad here is 80 much higher than
sugzested only 5 to 6 years ago that one wonders if there was
in fact any valid scientific basis for eatimates pressnead [o the
FDA by manufacturers and some piastic surgeons during
1991 to 1993, Even now, some medical professionals (neither
plastic surgeons nor blomedical device or biomaterials scien-
tists) have publithed articles, books, and editorials on silicone
breast implants (withour peer review), making assertons
about safety with almost total disragard for women's health
problems caused by local complications. For example, An-
g=l® stated in a reply to & 1996 Jerter on “Evaluating the
Health Risks of Breast Implants” in the Now England Sournal

J0011522
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TABLE Ui. Data Base for Regreusion Analvals of Silicone Gel
vi.

Breagt implanit Mean Peroent Fafiure
bmplant Duration (years)
Tioplant No. Ne. Mexn Percent
Dration Palied Bxplanted Failurs
20 s 475 7
2.5 50 261 19
3D 14 Ag 20
35 8 &6 12
4.0 187 067 19
0 133 217 61
55 180 Ly, 3
6.0 8 58 14
6.5 80 121 66
1.0 171 08 2%
7.5 21 82 26
8.0 146 228 64
85 14 3 6
10,0 37 764 45
10.5 103 253 41
110 95 257 40
115 42 160 26
12,0 429 799 1
12.8 285 459 .7}
13.0 183 307 60
14.0 73 112 (4]
145 . 4 5 20
16.0 ] 10 £0
17.5 45 T2 é3
8.5 23 34 48
19.5 548 840 76
200 167 143 75
Total ko) 80826 42

of Medicine by one author of this aticle (E.P.G.)* that “the
rate [of mpture] is probably closer to 5 percent.” Stazements
of this quality (probably 5%?; a rarc?, an incidence?) with no
apparent scientific basis are not uncommon. Ironically, such
“juake seisnce” hias often been used by those who have them-
selves referved to literature they do not Hke as “inferior” or
junk seience. A further example is a 1998 asticle on SGBIs by
Connell in the Journal of Women's Heslth.%* Fully 10 pages
were dsvated to the “dire implications for women’s health”
cavsed by liigalion and junk science. The “well known
complications such as capsujar comracture, rupture, and
bieed,” also teaned by Conmell as “wall-known local side
effects of breast impiants,” were virtually ignored with no
congideration of the rata of failure, the frequency of ralated
local complications, their consesmemces, or the need for fie-
quent additional surgeries. These are exampies of the limited
or bimed scientific perspective that still exists in some liter-
atupe on SGBI safety and emphasizes the naed for additonal
research and more quantitative analytical data,

Filed 06/21/2006 Page 8 of 38

NO. 656 P.8/12

MAROTTA ET AL.

the implications of local complications such
a8 SGBI failitre for increasing the potential for adverse [ocal
mdsyﬂmicimmunadimn,mhnpommqmﬂonmﬁm
regarding the role, if any, that silicone flnid induced infigm-
Inatory processes May play. On this question, eomuments by
Rose in a 1996 editorial in the joumnal Arthritis and Rheu-
matism® are halpful in clarifylng whar we do nor know. He
smared “Silicone hresst implants give rise to inflammatory
responses , ., cells jgvolved in the inflammatory response gre
the same a5 those involved in immuno reactions ., , Inflam-
mation, however, does involve the praduction of cytokines,
agenta that may have prafound local and systemic effects. . the
effiects of chronic inflammation, and its relatiouship o im-
munity and autoimmuniy, raise fandamental immunological
issues that can profitably be explored ” These are especially
provocative observations becansa they come from an aca-
demic scientist who has published extansively on immusnol-
ogy and immune diseases and who appears 10 have consid-
erable skepticism regarding the causal evidence available to
date for silicone gel implant induced autoimmune disease.

Potential for Bias in SGBI Explant Data Meta-Analyses

Bxponential regression analysis of explant results best satis-
fied the dual eriteria of good staristical comrelation and most
lngical curve fit for plotting an SGBI master curve for percent
faflure versus implant duration. The strong statistical corre-
lation between the percent failure and time parameters sub-
stantially mitigates any significant influence of random events
upon the ountcame of this analysis. Nevertheloss, it may be
appropriate to question whether random evants such as im-
plant damage during maartion and/or explantation, nonlava
sive capsulatomies, various accidental events involving chest
trauma, efc., could play a significant role in infivencing the
resules of this study. If 50, one would expect a much preater
random scatter of date than was found and a mueh poorer
statistical conalating of faiture versus implant tizoe, Consid-
ering (he diversiry of the olinical data coming Srotn yo many
different resaarch gronps and inclnding many different SGBI
styles and manufacturers, the comrelation found here was
qnite good.

One might also question the data base used here as biased
or “selectad" becanse it is derived from the evaluarion of only
explanted breast implants from women who exhibited local or
systemic complications or anxiety severe enough 10 warrant
underpoing additional surgery, However, the data cannot be
regarded as selected by the aothors of this article because they
come fromm so mamy different peer reviewed amicles that
reported resulis for more than 8026 SGBI explants; these
daca, in fact, represent the only scientifically relisbls data
available (i.e., from examination of SGBIx a explant sur-

).
guiquesﬁon:hatmaybemmnblcmmkumdmm
difficair to answer with complate certainty is how well these
data for explanted brasst implants reflect the condition of &ll
SGRIs that remain implanted (which may be as many as 1.5
million). In this regard, there are good reasons to consider this

J0011523
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meta-analysis to be of considerable significancs for evaluas-
insdlesafctytishtlmconfmntthammywomenwhosﬁll
haveSGBIa.Ampelﬁngmmwisbmdmmufmmu
more than 25,000 surgeries have been pexfored each year
during the past 5 rosyeantommoveSGBk.Dudng 1994
alane, 37,853 broast implant revisions™ were reparted but the
cmdldonofthcscexplmwemhrgetyumpomd.mleut
Immommubawbunmmvmdmm;mputﬁm
It may thersfore be reasonable to conclude that the resulrs of
this explant meta-anatysis for more than 8026 explants (5.3%
of 150,000) are, at the very loast, representative of the failurs
prevalence for all explanted SGRIs. Furthermore, becarse the
wu!numb«ofoxpimhadSGthnsbmmhrge.mi-
mated to be [0% or more of all remaining implants, It may
alsubemmhicmmndudeﬂmmevuyhrgedmbase
presented here poinms o 2 serious time-dependsnt faiture
problem for most remaining implants, especially for those
SGBIs manufactured with weaker silicone elastomers and
thinner shells, In thix regard, it is Instructive to note thar
Peters et al., who published several excellent explant studies,
stated in a 1996 article that “sbour 80% of all second gener-
stlon [1973-1987 manufactire] silicone-gel implants are cur-
rently ruptured ar Jeaking.”!8

Meochanistic Aspecta of S8 Falure

The results from this srudy are strongly supparted by repoyts
indicating thesmbmisntinl. .of siticons. elastomar
. shelly by swelling with silioone ' und the-time-depors
dent in vive degradation of mechanical serength propertics
(Le-, rodmced tansile snd ear strongth and redncod aiamicity
or serein t break) that have been published by maay inves-
tigators. The measured decresse in the silicone shell sength
properties has often been 40 to 50%: or mosa within 1 w5
" years following SGBEI implastation. For example, Phillips et
aL® reported a decrease In shell 1ensile strength from about 10
to 3 MPa (from 1450 to 725 psi) within 3 10 4 years following
primary implant surgery and then (o 3-4 MPa (as low as
about. 450 psi, 2 loss of almost 70% of tensile strength) after
7 years of implunt dme. Similarly, van Rappard et al >
indicated a 50% reduction in strength within 6 years of initial
implantation. More recently, Brandon at 215 repored a large
decrease in strength for SGBIs made with even the newer
high performance (Silastic IT) silicone shells, indicating that
after 8 years of implant time there was a decreass of sbout
50% in tensile strength, a 30% decrease [n elongation, and a
40% decrease In tear strength.

Our own exbaustive extraction stndies with silicone gel
from explants and unimplanted contrels*® ars coasistent with
a 1979 Bauelle Research Institute repost®® that rovealed that
silicone gels used in SGBIs are not true polymer gels at all
but are in fact aimoat entirely composed of silicons fluid
(85-95%) with anly a minar amount (5-15%) of chemically
crosstinked siticone gel. The compoaition of the so-cailed gel,
the swelling of the shells with silicone fuid, and the degra-
dation of the shell elastomer tensfle and tear styengths are of
fundamental importance to an understanding of SGBI failure,

Our research™ also confirmed that sificone shells for both
coptrols and explaats are normally swollen with as much as
15 10 20% silicone fiuid, Tensile strengths and strain (elon.
.gadon)whrnkfarexphmswuemdumdbyﬁmm.md
mwhzmensheﬂsfm'double-hmmexphms were often w0
fragile to handle to even obrain tear strength test specimens. >

.Suchsnxﬁesmpmmsiveinsupporﬁngmeviewmma
pnmarymmhudmfnrrupmmmustbedtemgasme(ﬁme
dependent) cyclic mechanical stress induced creation and
enlargement of tears in weakened silicons fluid swollsn sili-
cone elastomer shells at sitss of folds and/or defects where
stress is concentrated. A braast implant is after all 8 mechan-
ical structural device dhat is subjected to continnous cycies of
varying small and large seresses and strain deformarions. Te
be propetly engineered, breast implants should therefore have
besp designed using finite element analysis and cyelic stress
faﬁgmmﬁng(mudngﬂmvs.nnmberofcyclumfn‘l;
j.e.. SIN tests) as is nomally dons for critical automotive and
aircraft pans and some medical devices, such as heary vaives
and one plece intraocular lens haptics. The materials selection
and engineering design should have insured thar the shel!
would remain stronger throughout the life of the breast im-
phmmanmemtsemsmfnﬂuremlimmhumlgm
be eacountered in use, At the very least, the shells of each lot
of the fina! products (the gel-filled, packaped, and sterilized
breast implants) should have been rournely samplad and
tested for mechanical properties to assure reproducible prod-
et manufacaire. Thege is lile evidence that even this Sast
product testing was done for rontine quality assurance by
breast implanr manufacnicers,

Frequancy of Additional Surgeries

In view of the foregoing discussion and the extensive Litera-
ture concerning Abrous capsule contraction, pain, disfigure-
ment, and patient anxiety, which are major indications for
additional surgery, there is little nsed for further discussion
here on thess complications. A perceptive 1996 editorial by
Meimed, a plastic surgeon, is notewonthy in that it affords a
brief, thoughtful, and authoritative review of the subject.®®
However, the high frequency of multiple surgeries following
primacy SGBI implant surgery is of growing concern and
deserves much more attention.

This stady confirmed not only a remarksbly high peeva-
lence of SGBI failure and statistically significant direct cor-
relation of failures with breast implant duration, but also the
fact chat additional surgeries are so frequendy vequired within
only a few years of primary implant surgery. Tahle I indi-
cates 2672 revisions within a mean implant fime of 6 years.
This repressnts 33% of the total implant population in the
study. It ig a di finding and is consistent with the
report by Gabuiel et al.'? wherein 178 of 749 women (24%)
required at least one additional sorgery within § years of
initial implant surgery with some requiring as many as four or
five seoperations during this S-year time period.

J0011524
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CONCLUSIONS

. A swiistically significant direcr corraiation of percent
SGBI failure with increasing impiant duration was evi-
dent from the data and 4 plot of percant failure versus
imphntdumionaffordedamercum(ﬁgm 1) from
which the prevalance of failure, as well as the raze of
failure, may be detarmined,

2. The prevalence and the rase of SGBI faijure, basad on
mmesmmmummmmm
suggested only & few years ago, ™

3. Representative resules for SGB/ faihire were found to be
30% at 5 years of implant tme and 70% at 17 years.

4, nem:eofﬁumwufbundmavmgeﬁperyear
during the first § yesrs following primary SGBI surgary,
daclining to en average rate of 4% per year during the
next 5 ysars according to the exponential percent failore
versus implant ducation relaticnship.

5. The prevalence of muitiple surgeries nacessitated by
capsular contracture, paln, disfigurement, various disoase
dymptoms, implaot failure, and parient anxierty is disturh-
ingly high. At least 24% of patiemts required one or more
additional susgeries wishin 5 years from ove report'® and
Sa%oﬂmplammqlﬂredulemmlddidonalmm
within a mean implant duration of 6 years based on the
daca from this study.

6. Because the silicone gel is actually constituted of 85 to
95% silicone finid, which hag been shown to migrate and
to exhibit adverse toxicological aud imntrans modulating
{Le.. inflammation inducing) properties, mare ressarch is
needed to better evalnate the Hkely relationship betwesp
the loss of SGBI shell integrity and vasious loag-term
local and systemic complications.

7, With so many revision surgeries required cach year,
mors than 37,000 reported for 1994 alone,™ it is dis-
heantening that data on the condition of mast sxpianted
SGBIs have not been reported. Therefore, an important
goal of this report is to encourage more widespread
coliection and publication of explant data for shell intsg-
rity and implant duration in the future.

During the 1991 and 1992 FDA Breast Implant Advisory
Panel deliberacions, the lack of date on the failore of SGBIs
waa noted.” The diffioulty in providing adsquate ghidance to
doctors and patients on camplicstiona such s implant failure
without having meaningfil clinical datg was well recognized
a was the fact that SGBIs would certainly not “last a life.
time.” In the absence of such informarion, the intent of this
study was to assemble the firsi large data base far SGBI
faflure anatysis. The importance of improving the scope and
reliability of snch informarion for patient guidance aud in-
Jormed consent is qualimtively ovident. A recont article by
Collis 2nd Sharpe” higblights this problem in a survey of
cosmetic clinics in the United Kingdom. They consluded thas
“information available to the gemeral public necds to be
redressed by improving the quality of information available

to them." A July 1998 Independent Review Group Repert on
SGBIs sponsored by the House of Commons in the United
Kingdom also recommended that mare research and mors
data are needad on the subject of SGBI rupture. * In addition
to providing & basis for developing improved breast implans,
itismmforehopedﬂmmnmultsoftbissmdywmpmve
helpful to bemer assess the clinical status of patients who
curently have silicone gel implants and afford more realistic
risk and benefis guidance for those women contemplating
cosmatic SGBY mrgery.

Statistics consultazions with I. S. Hartzel, Dapr. of Statis.
tics, University of Florida, are gratefully scknowledged,
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Silicone Gel Breast Implant Failure:
Evaluation of Properties of Shells
and Gels for Explanted Prostheses
and Meta-analysis of Literature

NOTICE:
THIS MATERIAL MAY BE Rupture Data
PROTECTED BY COPYRIGHT [P —

LAW (TITLE 17 U.S. CODE)

After 30 years of clinical use, the 1992 Food and Drug Admiin-
Istration moratorium on silicone gef breast implants {SGBIs)
resulted from a paucily of scientific data conceming their safety.
The frequency of rupture and reopesative procedures was not
known, nor were refiable data available for changes in the physical
properties of shells and the composition of gels that might fead to
SGBI failure. For this reason the authors conducted {arge-cohort
meta-analyses of failure data for SGBIs based on numerous
fitorature reports and Ajen-iewestignied. systematically shelt-mit
« [0k propestion-fram. suplonted-SGiMs. They report thelr failure
analysis data for more than 9,770 SGBIs (an update of an earlier
study of more than 8,000 implants) as wefl an examination of the
Properties of shells and gels for 74 explanted SGBIs that ranged
In age from 2 to 19 years (mean implanted age, 9.9 years). The
@xplants tested were from several different manufacturers. For the
modest-size explant ‘cohort that was tested, 31 of 74 implants
(42%) were found to be ruptured (some extensively"#en many

rical prepestios and-for. analysls. of. compositionr by solvent-exinic-
tion. . Shells were found to contain 15 to 25% of extractable
silicone. Exhaustive extraction of gels showed that they actually
contained very little crosslinked silicone—85 to 95% being
- axtractable soluble silicone fiuid. Tenstr Snd tear-strengthwof
/prestheses and were ganemily woll Delowr ropasied manutactorers’
,values. This updated large-cohort failure analysis continues to
show that shell rupture is related directly to implant duration
{e.g.. from analysis of varfance statistics, 26% failure at 3.9
years, 47% at 10.3 years, 69% at 17.8 years; p =< 0.001).
However, for the retatively small series of explants for which
physical property data are reported, no significant comrelation was
obsesved between Implant duration and the degradation of im-
plant strength. it therefore appears most reasonable to conclude
that afies ansip-weakoning:of silis-ae-2-resuit-of- swelting of the
shell elastomes by diffusion of silleone off from-the- got; SGBI
+ fallure cam-ecewr v & time-dependent: vammer a5 & result of
continuing implant motion and cyciic stresses that ae exacer-
* . bated by stress concentsation sk thin ssses; defects, and folds 1n
.. tha shells,
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1
H

There were numerous reports of perceived and
suspected clinical problems associated with the
use of silicone gel breast implants {SGBIs) during
the 30 years of use before the 1992 Food and Drug
Administration (FDA) moratorium. Adequate,
scientifically sound physical and chemical prop-
erty data and large-cohort prospective or retro-
spective clinical studies were lacking, thereby
precipitating the withdrawal of these valuable
cosmetic implants from general use in the United
States.”” As a result, there has been a large
increase in research concerning the -behavior of
SGBIs since 1992 to provide a basis for more
realistic risk—benefit assessments by plastic sur-
geons and patients. It is worthwhile to emphasize
that sugh.reseerch has benefited most fromths '

- close collaberation of biomaterisls scientists and
.surgeons. In this context, it was the objective of
our joint physical science/clinical research study
to contribute helpful new information.

Copyright © 2002 by Lippincott Williams & Wilkins, Inc. 227
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An SGBI is a unique prosthesis in that the
silicone elastomer shell was intended to contain
a so-called silicone “gel,” which was in fact not
really a gel but was predominantly (85-95%)
uncrosslinked silicone. From basic polymer sci-
ence principles, it should therefore have heen
obvious that the fluid in such “gel” would: 1)
diffuse readily into and through the elastomer
shell (continuously releasing silicone into the
surrounding tissues; the so-called “bleed”); and
2) that the swelling of the shell by silicone fluid
from the “gel” would affect adversely the me-
chanical properties of the shell.

We previously published the first large-cohort
retrospective failure analysis for explanted SGBIs
(for more than 8,000 explants from 35 studies)
that showed a highly significant statistical corre-
lation between implant duration and elastomer
shell failure (25%% within 3.9 years and 71.6%
at 18.9 years).” A high frequency of reoperative
procedures (33% within 6 years} was also found.?
That report is updated here, showing little
change in the statistical resuits. This analysis
now encompasses more than 9,770 implants from
42 different studies. However, one should note
that this analysis does not take into account the
changes in implant design that have occurred
over the years and the likely greater predisposi-
tion for failure for certain designs such as the
so-called second-generation implants made with
thinner shells and more fluid gels. To understand
better the high rate of failure’observed from this
explant failure analysis, as well as complications
that may necessitate additional surgery, it is
therefore important to obtain more data concern-
ing the mechanical properties and composition of
explanted breast implant components from dif-
ferent periods of manufacture. This was one
objective of the current study.

Early reports of mechanical testing of SGBIs, by
plastic surgeons rather than manufacturers, in-
volved experimental compression of the entire
prosthesis to determine the breaking strength or
“breaking pressure.”*® These tests were intended
primarily to model the compressive forces asso-
cisted with “closed capsulotomy”—a technique
that had been used commonly to break up the
fibrous scar tissue responsible for capsular con-
tracture. This stressful mechanical procedure
was designed to rupturs the fibrous capsule non-
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invasively. However, there was concern that the
prostheses might also be ruptured by the applied
stresses. These early studies noted that there was
considerable variation among the prostheses
tested, and even marked lot-to-lot variations from
the same manufacturer. Most important, low
breaking strengths for explanted prostheses were
measured compared with new unimplanted con-
trols.** The technique of manua! manipulation
for closed capsulotomy was generally abandoned
during the late 1980s, in large part because of
concerns that implant rupture might occur dur-
ing this procedure.

Only in recent years have several studies com-
pared manufacturer data® and the mechanical prop-
erties of shells determined from explanted and
unimplanted control prostheses.” ! It now also
appears that ‘shalis-frome-newly manuisctored un-
‘eaplented. silicone gel-filled preetheses: were not”
-testad. routinaly for.mechaninsl-xroperiivs b o
Afacturers. for engineering: design: sssurenes-emd -
MWWMW
S fioe. most. medical devices. esinwy:mwestige
- tams-have found consistently that the mechanical
Ably poerer then unimplanted controle: ad: deter
m by manufscturers.® Phillips and col-
leagues'® concluded that there was a correlation
between the strength of explanted shells and the
implantation time, suggesting s-dugsadulion: of si-
Brandon and associates’ tested the mechanical
properties of shell samples after extraction of
silicone fluid from the shel). SRingix daveindicatod
that once the silicome oil that swelis the shells
m extracted, the mechanical properties Ye-
nmadmthumgmn}strmgﬂlvsluas They there-
fore suggested that no chemical degradation of
the elastomer shell occurred for their samples.
Their results confirmed the-deeresse-in strerpir
resulting from swelling of the shells with silicone
oil. Unfortunately, patients are always exposed to
implants with oil-swollen shells that therefore
have impaired mechanical properties. This deg-
radation in mechanical properties, resulting from
swelling of the implant shell with oil, has been

. suggested as a notable cause of the high incidence

of rupture for SGBI implants. 3812
There were two primary objectives of the cur-
rent study. One was to update to 9,774 explants
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Implant Mean Age, Implant Age

N Manufacturer Lumen yr Range, yr Types of Explants

10 Dow Corning Single 9 5-15 6 Silastic II and 4 standard gel

20 McGhan Double 12 816 20 Style 76

14 Surgitek Single 7 4-15.25 8 Meme, 4 Replicon, 2 SCL low
bleed, 2 standard gel

4 Surgitek Double 5 4.75-5.5 4 SCL low bleed

3 Other Single 18 16.5-19 1 Heyer-Shulte and 2 Cronin
Seamless

SCL = strong shell, cohesive gel, low blead.

our previously reported SGBI meta-analysis of
failure for 8,000 explants. A second objective was
to measure the physical properties of SGBIs re-
trisved from patients after various times of im-
plantation and compare these results with
reported properties of unimplanted prostheses.
These property changes are important to our
understanding the ability of SGBIs to withstand
the forces to which they are subjected during
implant life (i.e., the cyclic stresses that occur in
vivo). Of particular interest were the mechanical
properties of the silicone elastomer shells, the
variations in shell thickness, and the amount of
uncrosslinked soluble silicone in both the gels
and shells.

Materials anq Methods

Physical Properties and Extraction of
Uncrosslinked Silicone

SGBI Explant Samples

The 74 gel implants were received in containers
after explantation by several different surgeons.
They were handled gently with powder-free
gloves, removed to a stainless stecl pan in a
germ-free class II laminar-flow hood, and were
examined carefully by at least two investigators.
Visual and tactile characteristics, and the integ-
rity of the prostheses were observed and photo-
graphed. From these explants, 51 that were found
to be suitable for testing (i.e., not too weak to be
handled) were sterilized using ethylene oxide gas
sterilization to ensure safety during further han-
dling. Sterilization was similar to the original
manufacturers’ specification using an ethylene
oxide gas sterilization cycle of 2 hours at 130°F
followed by aeration for 12 days at 120°F. The
explants excluded (N = 23) were generally so

fragile or so grossly ruptured that inadequate
samples for testing could be prepared. Of the 51
implants tested, 31 were ruptured.

Sample Preparation

The 51 explants were sectioned as indicated later
and were evaluated by extraction and by tensile
and tear testing (Table 1). Implants were from
four different manufacturers and included both
single- and double-lumen explants. In addition,
one unimplanted Silastic-II single-lumen breast
implant, which was probably manufactured dur-
ing the late 1980s and was therefore probably
more than 10 years old, was tested as an unim-
planted contrel. In the case of double-lumen
implants, samples were cut from both inner and
outer shells for testing. Surgical scissors were
used to cut rectangular samples from the implant
shells. First, three large yectangular samples (9 X
2.5 cm) were cut from the posterior side of the
implant for tear test specimens. Implant patches
were removed. Then, five smaller samples (5 % 1
cm) were cut for the tensile specimens. Gels were
transferred to labeled containers. Two square
sampies (2 X 2 cm) of shells were cut for extrac-
tion analysis. The remaining pieces of shells were
retained.

Mechanical Property Measurements

Tensile strength (psi), tear strength {pounds per
inch), and percent elongation at break were de-
termined. Adherent gel was removed from the
shell samples by gentle wiping with lint-free
tissue, and thickness measurements were made
for each sample {at five different areas), measured
to 0.0001 in using a pressure-sensitive microms-
ter (Starrett). To ensure that test specimens did
not slip out of the Instron tensile machine test
grips, any residual gel was cleaned from the
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sample ends using chloroform-soaked tissue pa-
per. In addition, masking tape strips were at-
tached to these ends of the tensile specimens,

The tensile strength of five samples from each
shell was messured on a model 1122 Instron
machine using the procedures described in
ASTM D412-92."* Samples were cut using an
ASTM D638M-certified type M-I dog-bone die.
Testing was conducted at room temperature us-
ing roller grips with a 200-Ib load cell (full scale
load, 5 Ib). A strain rate of 20 in per minute was
used, and results for five specimens were aver-
aged for each shell. Data are reported for the
tensile strength (psi) and strain to break (percent
elongation) for each shell tested.

The tear sirength for each shell was measured
using the “type B with nick for silicone” method
as defined in ASTM D624-91.1* ASTM B-type
tear specimens were cut using a certified die.
When feasible, three tear test samples were cut
from each shell. However, many of the inner
lumen shells of McGhan double-lumen implants
were too fragile to handle and tore into pieces too
small to test. All tear testing was conducted using
the Instron machine at room temperature with
pneumatic grips (1 cm® grip area and a grip
pressure of 50 psi), conducted at 20 inches per
minute with data reported as pounds per inch.

Solvent Extraction Tests A

Complete solvent extraction of shell and gel sam-
ples was performed in a glass Soxhlet apparatus.
Shell elastomer samples were wiped clean gently
with a lint-free tissue to remove any superficial
gel. Exhaustive (complete) extraction of “gel”
samples involved adding 3 to 4 g of gel (weighed
to 0.0001 g) to a cellulose extraction thimble and
then placing an additional thimble on top of the
first to create a sealed extraction thimble. This
ensured that no gel would float out of the thimble
during the extraction process. Extraction was
performed using chloroform and was concluded
wher no further weight loss was detected for
each sample (usually 3 days for implant shells
and 14 days for gels). The resulting final waight
loss values represent the amount of soluble {un-
crosslinked) silicone that was present in elas-
tomer shells and the gels.
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Meta-analysis of SGBI Rupture Literature for
9,774 SGBI Explants

Also presented is an update of the earlier metia-
analysis by Marotta and colleagues® for SGBI
failure. That analysis encompassed 8,026 gel im-
plants and was based on 35 studies reporting
results from examinations of explanted prosthe-
ses, Now, from 42 different studies reporting data
for 9,774 explanted SGBIs, we have applied the
same statistical analyses that were described in
detail in our 1999 study® (exponential regression
and analysis of variance [ANOVAL). One result of
this analysis is a small improvement in the sta-
tistical correlation of failure vs. time for the
exponential regression curve, with r = 0.68 and
* = 0.83 {compared with 0.63 and 0.79 for the
previous smaller database).

The regression analysis results are consistent
with ANOVA comparison of three different im-
plant age groups: 26% failure at 3.9 years, 47% at
10.3 years, and 69% at 17.8 years (p = 0.001).

Discussion

As early as 1971, implant manufacturers had data
showing that filling silicone implant shells with
gel would allow oil from the gel to swell the
implant shsll and reduce drastically shell me-
chanical strength properties.’® This deterioration
in mechanical strength properties clearly had the
potential to influence greatly the ultimate perfor-
mance of these devices. Despite earlier adverse
experiences, during the 1980s some manufactur-
ers produced gel implants with thinner shells
and gels with very high uncrosslinked silicone
oil content. Such changes were intended to pro-
vide a more natural aesthetic quality. However,
the thin shells (0.003—0.010 in thick) were
weak—a design problem that was exacerbated by
two- to threefold variations in individual shell
thickness. In this regard, there appears to have
been little engineering design and development
for shells to define the minimum strength re-
quired to ensure prolonged, safe performance of
SGBIs.

Attempts to slow the “bleed” and the swelling
of shells with internal phenyl or fluorocarbon-
modified silicone barrier layer coatings resulted
in the introduction of so-called low bleed shells
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during the 1980s. However, there was little infor-
mation in the literature on the adhesion of these
coatings to the shells, their uniformity, and their
long-term effectiveness. Because the viscoelastic
properties of the barrier coatings differed from the
normal polydimethylsiloxane elastomer shell
substrates, crazing, cracking, and delamination of
the barrier coatings under the cyclic stress con-
ditions of use may be possible with possible
changes in barrier properties. The potential for a
decrease in barrier properties is consistent with
our extraction data, which showed high concen-
trations of silicone oil even in explanted barrier
shell Silastic-Tl implants that were removed sur-
gically after 5 years or longer.

Evaluation of Silicone Gel Implant Properties
The structural integrity of the 74 SGBI explants
examined in this study ranged from intact with no
visible shell defects, to those with ruplures or tears
of various dimensions, to shells that were almost
completely obliterated, in which few if any discrete
pieces could be found. Implant duration ranged
from 2 to 19 years (mean implant age, 9.9 years),
The eppearances, feel, and composition of the gels
was also quite variable. Of the 16 smooth-wall
single-lumen Dow Corning explants, 6 were Silas-
tic-Il and 4 were older standard gel filled. All 20
smooth-wall McGhan explants were style 76 dou-
ble-lumen gel/saline theses that had been im-
planted during the early 1980s. For the Surgitek
explants, 4 were smooth-wall, double-lumen gel/
saline prostheses and 14 were single-lumen gel
filled. Of these, 6 were Meme-MP urethane coated,
4 were. Replicon urethane coated, and 4 were
smooth-wall SGBI prostheses. No evidence of the
uretharne coatings could be found on the outer
surfaces of the urethane explants. They had a rough
textured surface appearance. On close examination,
the Meme-MP shells were found to be opaque with
a microscopic hexagonal foam imprint. The Repli-
con shells were clear with the appearance of a
second clear layer of silicone on the outer surface of
the shells (Figs 1 and 2.

The shell mechanical properties measured
were tensile strength (psi), tear strength (pounds
per inch}, and percent slongation at break, and
are presented in separate figures (Figs 3—-7) ac-
cording to manufacturer and type of explant. The
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Fig 1. {A, B} Electron micrographs of Surgitek Meme-MP
shell outer surface. No urethane coating is present, but
the microscopic imprint is visible (original magnification
X20 [A] and %100 [B} before reduction),

mean and standard deviations of mechanical
property data for each explant are plotted. Also
plotted are the reported values for these unim-
planted silicone breast implants. Tensile and tear
strength were generally found to be degraded
from published values for unimplanted prosthe-
ses, and were well below the manufacturers’
values for silicone gel-filled shells (Table 2). The
pattern of tear was characterized by formation of
a lip at the site of initiation followed by propaga-
tion across the sample. In the series of explants
reported, no correlation was found between im-
plant duration and deterioration of implant me-
chanical properties. Shell thickness varied
considerably between implants, as well as within
each implant shell. Values ranged from 0.0655 to
0.0236 in.
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Fig 2. (A, B) Electron micrographs of Surgitek Replicon
shell outer surface. No urethane coating is present, but
a clear adhesive is visible on the surfocs of the explant
shell {original magnification X 20 [B] and %100 {A]
before reduction).

Silicone Shell Mechanical Properties
The mechanical properties of Dow Corning sin-
gle-lumen prostheses are presented in Figure 3.
Resiilts for individual implants are plotted vs.
implant age, with Silastic-I implants on the left
of the solid black bar and the four older, standard
gel-filled implants on the right. Data for a new
unimplanted Silastic-1l single-lumen gel-filled
implant are shown as the year 0 control. Values
for the control implant are in close agreement
with results reported in 1986 by Morey and
North.®

Tensile strength values for explanted Silastic-il
prostheses averaged 42% lower than unim-
planted values. Tear strength and percent elon-
gation for the Silastic-II explants were also both
lower by an average of 26%. Tensile and elonga-
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tion values for the standard gel-filled explants
were similar to values reported in 1986, but the
tear strengths were significantly lower (—48%)
than the previously reported values. It should be
noted that it is unclear how long the standard
unimplanted Dow Corning implants had been
sitting on the shelf before the results reported in
1986 by Morey and North® were measured.

Figure 4 documents results for the smooth-wall
McGhan double-lumen gel/saline protheses, plot-
ted as a function of implant age. Also plotted are
dotted lines that represent the reported data for
unimplanted McGhan Intrashiel prostheses in
1986. No significant difference was found in the
mechanical properties comparing the inner and
outer lumens. Tensile strength and elongation
values were lower by an average of 35% and 27%
respectively when compared with reported data.
Tear strength could not be determined for some
inner shells because they were so fragile. During
removal of gel, these shells often broke into
pieces too small for tear specimens. Tear strength
was found to be greatly degraded for these shells
when measurements were possible—an average
of 82% lower than the reported values (22 1b per
inch vs. 125 lb per inch}.

The mechanical properties of smooth-wall Sur-
gitek SCL (strong shell, cohesive gel, low bleed)
double-lumen gel/saline prostheses are plotted in
Figure 5. Mechanical propertiesifor unimplanted
SCL prostheses have been published® and are
presented as a dotted line, but tear strength was
not reported. Tensile strength values decreased
an average of 40%, and percent elongation was
44% lower. No difference was found between the
mechanical properties of inner and outer shelis
fror the same implants.

Data from polyurethane foam-coated Surgitek
single-lumen explants are presented in Figure 6.
Surgitek Meme-MP-coated prostheses are plotted
on the left side of the solid black bar and Repli-
con explants are shown on the right side of the
bar. Also presented for comparison are the re-
ported valnes for uncoated Surgitek shells. Tear
strength values for the Meme-MP explants were
extremely low—an average of 18 lb per inch—
indicating a dramatic weakening of the shell.
Replicon shells also showed signs of delamina-
tion during tear testing, which may have been the
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Table 2. Reported Mechanical Properties of Unimplanted Silicone Breast Implents

Tensile Strength, Tear Strength,

Implant Type psi Elongation, % Ib/in Reference

Dow Corning, standard gel 1,050 610 195 Morey and North 1986°
Dow Corning, Silastic I 1,675 1,110 225 Morey and North 1986°
Mentor Corp./Heyer-Schulte 1,350 600 135 Morey and North 1986°
McGhan, Intrashiel 1,050 600 125 Morey and Nerth 1986°
Surgitek, standard gel 850 600 180 Morey and North 1986°
Surgitek, SCL low bleed 1,400 1,060 N/A Lockwood, 1995°

SCL = strong shell, cohesive gel, low bleed; N/A, = not applicable,
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15

result of the clear adhesive layer being weaker  generations of explants from this company. Two
than the shell. Surgitek SCI explants are plotted on the left side

Smooth-wall Surgitek single-lumen explant  of the black bar and two standard Surgitek ex-
data are plotted in Figure 7 and represent two  plants are plotted on the right. Tensile strength
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and parcent elongation were 45% and 44% lower
respectively than reported values for an unim-
planted SCL prosthesis. Tensile strength and per-
cent elongation were reduced 30% and 24%
respactively. The average tear strength of the
standard Surgitek prostheses was 36% lower
than the reported values.

The results of the testing reported here are
strongly supported by other reports, published by
many investigators, and confirm the substantial
weakening of SGBI silicone shells. The decrease
in the shell strength has often been reported as 40
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Fig 4. McGhan double-lumen
implants (mean and standard
deviation of individual implants
tested).

to 50% or more within 1 to 5 years after SGBI
implantation. For example, Phillips and associ-
ates’® reported a decrease in shell tensile strength
from an original value of approximately 10 MPa
to 5 MPa (from 1,450 psi to 725 psi} within 3 to 4
years after primary implant surgery. A further
decrease to 3 to 4 MPa (approximately 450
psi)}—a loss of almost 70% of tensile strength—
was indicated after 7 years of implant time.
Similarly, van Rappard and coworkers® indicated
a 50% reduction in strength within & years of
implantation. Brandon and colleagues’ reported
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a large decrease in strength for SGBIs made with
Silastic-1I silicone shells. After 8 years of implan-
tation they noted a decrease of approximately
50% in tensile strength, a 30% decrease in elon-
gation, and a 40% decrease in the tear strength.
Degradation of shell mechanical properties oc-
curs to a marked extent as a result of swelling of
the silicone elastomer shell by silicone fluid from
the gel. This degradation beging once the implant

is filled with gel, and it continues whether the

implants are sitting on the shelf or are implanted
in the patient. For example, in tests of archived
unimplanted standard gel SGBIs from Dow Corn-
ing, Manikian'® reported a 43% decreass in she]l
tensile strength {from 1,350 psi to 754 psi}Jand a
46% decrease in tear strength (from 80 1b perinch
to 43 Ib per inch) when measured 3.5 years after
manufacture. For an unimplanted Silastic-I Pros-
thesis, a decrease in tensile strength of 32% and
79% lower tear strength was reported after a
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1-year shelf life. Slightly better results were re-
ported for low-bleed Silastic-II prostheses: a 23%
decrease in tensile strength with little change in
tear strength after 1 year of shelf life.1®? Possible
causes of the substantial variability in mechani-
cal strength of different gel-filled implants, even
within a single manufacturing lot, are the inher-
ent wide variations in shell thickness (resulting
from the multiple dip coating process used in
manufacture), variations in crosslink density,
and consequent differences in the effect of sili-
cone fluid diffusion into elastomer shells from
implant to implant.
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Fig 8. Surgitek coated single-lumen
implants {mean and standord
deviation of individual implants
tested).

Complete Solvent Extraction of Shells and Gels
Virtually all of the previously reported results for
shell or gel extraction have been deficient in
either using arbitrarily short extraction times or
relatively poor silicone oil solvents. The single
exception is an excellent 1970 Battelle study
commissioned by the FDA that afforded results
that are in complete agreement with our own; in
other words, that most gels have been composed
of 85 to 95% soluble silicone and therefore actu-
ally contained relatively little crosslinked sili-
cone.'® The experiments reported here used an
exhaustive extraction procedure in Soxhlet ex-
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tractors with a good silicone solvent (chloroform)
to measure quantitatively the uncrosslinked sili-
cone content of shells and gels.

Extraction results for the shells of explants are
presented in Figures 8 through 11. Our data for
Dow Corming explants and the one more than
10-year-old unimplanted Silastic-II control are
shown in Figure 8. Gel extraction results indi-
cated that as much as 96% of the silicone gel was
not crosslinked. Therefore, the gels were predom-
inantly uncrosslinked, and silicone was freely
available to swell the silicone shells and diffuse
through them. This is the cause of the so-called

13.28
Implant age {yesrs)

575 1528

“bleed.” Dow Corning shells were found to be
swollen with an average of 20% of soluble sili-
cone oil. Control Silastic-II shell samples, from a
new implant, contained only 8% extractable oil.
Furthermore, there was no difference cbserved
between the low-bleed Silastic-II explants and
the standard shells. This clearly indicates that the
barrier coatings on these explanted barrier poly-
mer-coated low-bleed prostheses did not, in fact,
permanently reduce the swelling of shells with
silicone oil over the long term (more than 5
years). This is likely the result of disruption of
the barrier coatings over time. Maximum swell-
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Fig 11. Surgitek double-lumen explant.

88%, 86%, 89%, and B9% uncrosslinked silicone
respectively. Some differences were found for the
shell extraction results. Meme-MP explanted
shells were swollen with an average of 32%
oil—a higher silicone oil content than any other
implant type tested. Replicon shells contained
24% extractable oil, the Surgitek SCL explant
shells averaged 16%, and standard shells had
22% soluble oil. Extraction data for Surgitek

double-lumen explants are presented in Figure
11. Gel extraction values were similar to the
single-lumen data and averaged 90% soluble sil-
icone in these explant gel. Thers was no signifi-
cant difference between the extraction values for
the inner and outer shells of these explants; both
averaged 22% silicone soluble oil.

Dow Corning Silastic-II control shell extraction
data indicated almost twice the soluble silicone
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Fig 12. Percent failure vs. implant duration for silicone gel breast implants,

oil content reported previously for unfilled sili-
cone shells (5% by Picha and Goldstein®). This
much higher value was likely the result of the fact
that storage of gel-filled shells allows continugus
diffusion of soluble silicone into the shells. Our
shell extraction values varied from 8% for the
one stored, unimplanted Silastic-II control to as
high as 35% for explanted prostheses.

Meta-analysis of SGBI Failure for 9,774
Explants '

Before earlier research,’ no large-cohort meta-
analysis of implant rupture had been reported.
Such retrospective analyses are trucial to deter-
mining the safest and most effective drug thera-
pies, surgical protocols, and implant or device
performance characteristics. For just the years
1996 to 2001, more than 2000 meta-analysis pa-
pers have appeared in the literature covering all
aspects of medicine. Reported here is an update
of our earlier retrospective failure analysis for
approximately 8,000 explants, which brings our
database up to 9,774 explants based on 42 differ-
ent studies. The same statistical methedology
described in detail in our earlier work® {exponen-
tial regression and ANOVA} was used for the
enlarged databese. The results of this analysis
and plot of percent failure vs. implant duration
(Fig 12) were virtually unchanged except for a
slight improvement in the statistical correlation
for the new regression plot (r* value increased
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from 0.79-0.83). This plot clearly shows the
direct correlation of rupture with implant time.
ANOVA statistics, applied to three different age
group cohorts from the database, also afforded a
highly significant correlation of rupture vs. time:
26% failure at 3.9 years mean implant duration,
47% failure at 10.3 years, and 69% failure at 17.8
years (p =< 0.001). In addition to the high failure
rate observed, data from the 42 studies used in
this meta-analysis reinforce concerns about the
risks associated with the high fipquency of addi-
tional surgeries that are required (i.s., approxi-
mately one third of all women will require at
least one additional surgery within 6 years after
primary SGBI implant surgery).

In connection with our failure analysis, the
recent paper by Brown and colleagues®® is impor-
tant to reference. Their FDA-National Institutes
of Health—United States Department of Health
and Human Services-supported magnetic reso-
nance imaging (MRI) study of SGBI rupture and
related health effects for a cohort of 344 women
found 236 of 344 women (68.8%) had at least one
ruptured implant with a mean implant age of 16.5
years. This resuit falls precisely on our Figure 12
failure vs. time plot.

The importance of the noninvasive MRI study
by Brown and colleagues® with respect to our
explant analysis is to support strongly the view
that our use of explant rupture data are indeed
representative of the implant aging properties

J0068697
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and rupture characteristics of the general popu-
lation of SGBIs that remain implanted.

Conclusions

Our studies confirm the general reduction in
tensile strength, tear strength, and elongation for
all types of explanted elastomer shells, represent-
ing a remarkable loss in the strength and tough-
ness of the shells. This adverse change in
properties has made these prostheses vulnerable
to the forces exerted on them during implantation
and the cyclic stresses incurred during use. We
regard this deterioration in strength as a major
factor in the high rupture/failure rate observed in
the current study and previously.? These data
support the view that a primary mechanism for
rupture must be the progressive cyclic mechani-
cal stress-induced creation and enlargement of
tears in weakened silicone fluid-swollen silicone
elastomer shells. These tears are most likely to be
initiated at sites of folds and/or defects, where
stresses are concentrated. Our meta-analysis data
for SGBI failure and the frequency of additional
surgeries, as well as the results reported by many
of the investigators we have cited, are consistent
with the view that there may be a greater risk of
SGBI failure and a greater frequency of surgical
revisions than has generally been appreciated.
We would be remiss if we did not alse com-
ment here, in the context of this report, on the
realities of patient needs }01; breast augmentation
plastic surgery. In the absence of SGBIs in the
United States, saline implants have bsen used
iﬁa‘easingly during the past 8 years for new
augmentation and to replace an estimated
500,000 gel implants that have been removed
since 1992, Almost 200,000 saline implants are
now implanted each year, reflecting the continu-
ing need and great patient demand for a satisfae-
tory prosthesis. Growing concerns regarding the
relatively high rate of saline implant complica-
tions (data reported in FDA-approved McGhan
and Mentor 2000 PMA applications) and poorer
aesthetic outcomes compared with gel implanis
are now stimulating renewed interest by some
plastie surgeons to a return to more general clin-
ical use of gel implants (with some qualification
that they should be removed before they are
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'iikely to rupture, perhaps within 6-8 years of

implantation). Such an option, even with modi-
fied shell and gel materials, requires further re-
search and clinical investigation and may have
merit if the following conditions are met:

First, there must be continuing emphasis on
informed consent with some consideration to
regular MRI checkups®® and possible prosthesis
replacement. Note that such constraints are not
unusual for other medical implants, such as 6 to
10-year replacement for hip joints resulting from
wear, and 1 to 2-year replacement of small-diam-
eter vascular grafts resulting from thrombogenic
events and intimal hyperplasia.

Second, there must be design, manufacturing,
and materials improvements, perhaps including
thicker shells {nominally 0.020 in) and more
highly crosslinked gels (i.e., the newer McGhan
410 gel implant for which United States clinical
trials were initiated in April 2001, and which
claims to have a much more coherent gel than

ever used before).
Third, there must be no notable further evi-
dence of SGBl-induced disease.?®
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The preceding article by Marotta and colleagues
from the University of Florida updates the
group’s meta-analysis of failure data reported in
the literature for nearly 9,800 explanted silicone
gel breast implants. They also present results
from their testing of 51 single- and double-lumen
explanted silicone gel breast implants (with var-
ious implantation times, made primarily by three
manufacturers) plus one Dow Corning Silastic II
control implant (never implanted). Because the
authors do not say how or why these explants
were selected for testing, we cannot know
whether the 51 explants are representative in any
way of all breast implants. Were they chosen at
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random from a larger pool of explants or were
they simply what were available? Aside from
duration of implantation, we are not given impor-
tant details on the tested devices, such as implant
style and lot, status at the tims of explantation,
and differences between those not strong enough
for testing and those tested.

Marotta and colleagues maintain that reduc-
tions in mechanical properties—tensile strength,
breaking energy, and tear resistance—of breast
implants lead. to a “significant loss” in shell
strength and toughness over time. They link the
higher failure frequencies over time (shown in
their Fig 12) to the effects of elastomer swelling
and hypothesize that mechanical properties of
elastomer degrade as noncrosslinked, low-molec-
ular-weight silicone molecules diffuse from the
gel into the shell. Without any scientific proof,
the authors assert that early weakening of shells
resulting from swelling is responsible for silicone
gel breast implant failure. Our research indicates
that implant rupture has numerous potential
causes (not just one), including implant handling
before surgery, in vivo processes, trauma to the
breast, and unintentional surgical damage during
implantation or explantation.

In their implant testing, Marotta and colleagues
found no significant correlation between implanta-
tion time and shell strength properties. Qur work at
Washington University has produced similar find-
ings. We are therefore puzzled as to why the au-
thors neglected to reference almost all our
Published data.’~® Although not scientifically of-
fensive, this “oversight” is perplexing because we
have conducted a substantial amount of implant
properties testing during the last decade, Although
our work supports their data, it also refutes many of
their conclusions. For example, our research has
described various types of silicone gel breast im-
plants that have remained intact with a large degree
of shell swelling (20—40%) for implantation times
ranging from 13 to 32 years.1*

The suthors are consistently selective when
citing published studies on the variability of
mechanical properties of control implant shells.
They ignore our data for Dow Corning control
and explanted implant shells**® and choose in-
stead to reference studies of explants that did not
characterize the devices according to manufac-
turer, specific type, or manufacturing lot, and did
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cmwmnmmhmammw.mmwpumﬂmw
. training and background o assoss safety and efficacy of medical davices, product inserts, wamnings
.mdoﬁmumuﬁchwmhmatmy&aimguﬂedumhninmmmmbgydw
_ mmdmmmmdmmmmammusehm
jmemamnm!wwmmmbeammmmemmwm
- and in the svents which have sumounded the use of breast implants in North Amevica, ’
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Cunadian and foreign universifies. | em prosently & consultant specializing In dasign and
analysia of health care products.

1.2 Professional Momberghics

SInce1982.ihmpani=lpatodhanumh-rdproieasramediomedhﬂd¢vbmmd
Mdr&mhm,mmﬂmmﬁ.mmﬂbammﬂwmdh
Mmﬂhmmmmmummmﬂ!maIMpmadMﬁ
wsﬁmnyinmemmdu.s.camsddeeWoanmﬂﬁwm
lmmmmmmm,mmmmamm
Canadian Parlismentary Hearings on health eare issues. _

1.3

1) AdeWPMMﬂMM.WbW) _

2) Association of Chemical Professionals of Ontario, Vice President {1960-81)

3)  Associaion of Chemical Professionals of Ontario, President (1981-82)

4) Chemical Institite of Canada, Member (1950~ presamt)

5}  Chemical institite of Canada, Saction Chaiman (1983-85)

6)  Cansdian Biomaterials Sccisty, Member {1978-present)

7) Controfled Release Soclety, Member (19685-presant)

8}  Asscciation Canadisnne Frangsise pour FAvancement des Sclences, Member
(1968-present)

2) Association Canadienna Frangsiss pour TAvancement des Sciences,

Représentant Régional (1975)

1.4  Honous and Awards

) Clinicien Honoraire, Ordre des Dantistes du Québec (1962)
) Honorary Cliniclan , intraoccular implant Soclety (1984}
) Fellowship, Chemical institute of Canada (FCIC) (1985)
}  Canadian Delegate, Ophthaimic Speakers Program
Karolingka Institute, Stockholm, Sweden (1985}
E)  Cansdian Delagate, ISO TC 150, Modical implants (1065-90)
€}  Canadian Delegate, 1SO TC 157, Mechanical Contraceptives (1986)
7) Speaker, Permaneant Medicai Education Programme, Telemaedicine Canada

8)  invited Faculty, Saskaichewan Association of Optometrisis,
Continuing Ecucatinn Program, Regina, Seskatchewan (1288)
§)  Honorary Lectursr, Amarican Assoclation of Pediatrics (1086)
10} Member, Editorial Board, implantation Transpiantation Today (1987}
1) Member, Editorial Board, Biomedicat Materials Ressarch Journat (1888)
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1) Professeur Invité, Département de Génia Mécanique, Ecoie Potytechnique
2 Montréal, Québec (1979-83) '
MW,WMMT&MW amma, Algonquin
College, Oftawa, Ontarlo (1979) i

commumautaire
o) meuﬂm,u:nmémmmum; ?
Vigiting Professor, Department of Mechanical Enginoering, Quesn' University
7y oro Kingston, Ontario {1967) : .
tesseur Invité, Dépantement de chirurgle expérimentale, Liniversité Laval
Québec Cly, Québec (1008)
B) MngLﬁw.quﬁyﬂMcy.UnhmﬂydTm
Toronto, Ontarfo (1089)
9) Prolesssur Invité, Dépertement de Phamacologie, Faculté de Médecine,
Université de Mortréal, Montréal, Québec (1988-1991)

2. PUBLICATIONS

| have authored aver 300 publiehed articies, book chapters, patents and oMicial reports as well as I8 |
mmmmmmwwnmmmmmmmwwm
m,mmtmaﬁmmmhmmmcmmfwmmwmmwmln ‘ ‘
aﬂm,twmmm“mmummmdmdwm.mmmbmd

medical technalogy and safety issues in medical systema. A status summary of thess works i

2.1

1) zmmmmmmappﬁmﬂamofpoms' medicing,
biomaterials and on medical tachnology lssues " *

23 360 reports and documants for restricted distribution in the biomedical
and in the reguiation of medical products _

3} 410 oral presentations, courses and symposia, principally in biometerials -
appiications, plastics in medicine, family planning and commercial ‘
tiomedical technologles

4) SPMMMMMMMM.WW t1L.5. :
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2.2 TIyplcal Publications

PMM!M%M@!MWW mmmmd
smmmmmhmmaMommmm .

1} P.Binis, 8reast Prostheces in the Ninetias; in Dangars of Siicone Breast

mmﬂmcmmtmammuﬂmmm
intargovemmental Relations, Subcommittes Hearlng of Dacember 18, 1950, 100th u#.
Congress; Paga 4256, U.S. Government Printing Office, Washington DO, {1881).

3) P. Blais, Letter to Editor (The Polyurethane Breast Impiant),
J. App. Biomaterials, 1. 197 (1900).

4) P. Blals, Vinyls in Medicine, Joumal of Vinyl Technology, 11 (2), 71-8 (1989).

5) A.S. Chawla, P. Blals, |. Hinberg and D.1. Johneon, “Degradation of Explanted )
Polyurethane Cardiac Pacing Leads®, Blomateriale, Artificial Celis, Am'ﬁcmlOrgam,
16(4), 785.800 (1988).

g} P. B;aus The Polyursthane Breast implars: ABaslsiorC&uuon i,(Sept},
(1888

P mmmﬂammEmpmcommmmwvm:T
Emerging Problem, Traneplant., Implant. Today 4 (Sept), 6-13 (1987).
8) G. Bira and P. Sials, Perflucrocarbon Blood Substitutes, C.R.C. Driﬁcalﬁwawsh

‘Oncology/Hematology §(4), 311-374 (1887),

9) M. Smith and P. Biais, Preliminary Findings on Ussed Cervical Caps,
Contraception 29 _(6), 6527-6635 (1984},

10) P. Blais and R. Guitoin, Blocompatbiity in Fertéity Control Technology , Cha;mzl- in
in Blocompetibi ] B achoe VG!"DFWMEM C.RC. Press £
Raton, FlondatUSA (1585}

11) P. Bilals, Silicone Broast Implet:  Technalogical and Physicochamical Aspects,
mmmmmmm L.R. Rubin, Editor; C.V, uoml[.
Louts, Miseour, U.S.A. (1983)
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12} P. Blals, Industrial Polymare ag implants: Their Valug and Their Limitationa ‘:
Chapter 7 in Biomateriale in Reconstructive Surgery, LA, Aubin, Editor; C . Mosby
St Louis, Missouri, U.S.A. (1983) | ]

13) T. Matsura, P_ Blake, A.G. Baxter, S, Sourirajan, Method of Concentrating Natural :
fxs-l;;oes by Roverse Osmasis, U.S. Patent No. 4,322,448, U.S. Printing Office

mm.mmwmmm

mmwmmtmmmmmcmmm.camm

nmmmm.&mm.mmmmmoverm
appeuoﬂnane:penwﬂnenonhehaﬂofnamﬂshmmmgmh:

o o 1y
2

LlF&E,

g LSS N1 I
Aprli, 1997

tes . Aprll, 1997

AR

Fehruafy, 19

Jorp,, Santa Clara, Calfomia, U.S.A., trial
Las Vegas, Nevada, U.S.A,, triel testimony, August 1958

0., San Diago, Califomnia, US.A,, trial

8, Orando, Florida, L1.9.A,, trial testimony,

(8, McAlien, Texas, U.SA., pial festimony,

1

). Albuquerque, New Mexico, U.S.A. trial 3
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1 LRI ;

.. Mareh 1

f, Seattle, WA, U.S A, trial testimony, Apri 2001

4. Rmmmmmmmmmmw

| am knowledgesble about design, physical i . . -
wmwmmnm,ﬁ",;’;“’,, charactarietice, conslruction attributes and
and clinical limRations wccumulated 9 ecnlogy, pertormance, mode of fuun

sificanes, polyciefins and polyurethanss, | have In machanical, physico-chemical
e S e i, TR P
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!mvmedhnﬂlﬂmmhﬂwﬁthrshdﬁemhﬂumdmmmm
almmm.mwmmmmmv.mm:mmew
glectron diffraction, raciography, ESCA (electron spectroacopy), NMR {nuciear magnetic -
rm),mm,mmmmmfmmmmlapMyhm
study of materais. This knowledge base wae easential for the dincharge of my duties as & Senior
MWhmadeﬂamﬂymeM.Mymmm :
ﬁganmmmmaymmmmthgka

Cmmwwmmmmmﬁnlm.muumé
or Birmingham Class Breast Prostheses Litigation, have been reviewed using a commercial :
mmwmmmmmmmw.mmm
requistory agencies obtainad under Freedom of Infarmation (FOI) and counterpart Access v
:mmtmmmmmummmmmmmwﬂ
present were also reviewed. <

In addition io my education, background, training and experience in the design and study of :
impiants, their effect on usars and the changes implants undarga In & living envilunment, | ha
aiso derived background information and knowledge from scientific arficies, teaching te \
commercial brachures and technical reports on medical implante, substances used in medical
implars, design of breast implants and related parformance aspects of these devices under
labaratory conditions and actual conditions of use. This material includes:

commercial dats, cataloge and promotional brochures for breast implants
product inserts Included with breast implants and other long term products
teaching textbooks on plastic and reconstructive surgery

journal publications on bresst implant performance and adverse reactions
unpublishad reports on breast implants and adverss phenomena :
Wmmmmmmam,mmmmq
collective reviews on adverse raactions from breast implants and. constituents
apidemiologicel studies on adverse effects from breest implants ‘
Studies on devices with simliar basic properties to breast implants

policy and editorial papers on breast implants

patents and patent applications

S. a“\dm. V. Emn.f. R. Hm; BTN _of seicone GRS
*Refersnce Lisis", pages 285-479; Commiltes on the Salety of Silicone
implants, Division of Health Promotion and Disaase Prevention, instihste of
Medicine (IOM), National Academy Press, Washington (2000)

13) gmmmmm(mmunm.us.
U.K. MDA, Agence frangaise de séourité sanitaire des prodults de samé, efc) -

ok DW DN N
[0 B v T L L e SO
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mmummammmwmammmmum
HmMandWcﬁare,mymmmmmm,mwmw .
mnmdmm.lmmm.mmmmmmm
pmmhmmdromacﬂvnyindummdwe!mwammym

ophthaimio surgery, drug administration, dental repair, neurologionl epplications, cosmatic §
reconstructive surgery, biood prmoceasing, orthopeedic joint recongtruction and wound care. -

| participated in drafting of reguiatory proposals, adverse reaction repcrts, minigterial
briefings, public advisory documents, ‘Dear Doctor lettery’, recall recommendations and
mmmmm.mmmmmmmmw
mwmwmummmm _

and deparimental officials in the context of plastic surgery implants and was responsible for
bmmmdmmmm.mmmmumhmﬂmmm.:
| was a medical davices technical aison specialist to the U.S. Food and Drug Administration (i
and repeatedly visited FDA laboratories. | was Canada's representative on medics! device

committess attended by FDA representatives. | was responsible for preparation of Tripartite -
Committee briefings partinent to implants. :
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INNOVAL

.Founded in 1969 and located in Ottews. Canada, Innovai speciaiizes in the development of health:

mmmmmwmmgwasmasﬂwumdmlm&
tachnical personnel for hospitals, government and industry. '

its primary expertise includes :

* product fathure. analysis and forensic studiee

* plastics for madical and phamraceutical applications
* design and testing of medicai products

* bialogical environment simulation

* pre-clinical investigations for medicat implarits

* blological sclence and polymar science sducation

Itz services are criented principaily af the blomedical products industry and the heakh care

services sectors. innoval's experiance is concentrated In high technology, high risk biomadical
products development, sclentdic research and university-government-industry technology
tcensler projects, it aiso offers techricsl consulting services, feaaibliity analyses, recrulting -
assistance and an-site staff training programs on related topics. :

Expaﬂmufmernmishaaadonmorethantwmwwarsofm:eﬂmaeintmpw_ :
environmants, in universities, in govemment, in international  agencies and in the hiomadical -
industry here and abroad.

Projects have included:

- preparation of professional development programe, seminars and continuing education
{nursing care, biomedical sciences, materials engineering and production technalogy)

- development of peaducts, preparation of product inserts and Inetruction brochiures ;
{ophthebnic, family planning, cardiac care, plastic surgery and ololaryngology devices)

- dasign of medical disposables and packaging

-draﬂhgnfpmduadmﬁmafwcthicalmmm

- development of production systems for family planning products

- preparation of production standards and quality assurence criteria for medical products

- indusiry-government and internationsi relations, patent davelopment, patent search

- research and tachnology proposals, market potsntial evaluations

- tailure analyses for medical implants, diagnostic devices, apecialty plastics, blomaterials,
biosensors, plastic surgery products and membranes for biotechnology applications.

Studiea on behalt of cliants have Included prototype feasibllity reviewa, materiala regearch,

technology ficensing proposais, market potential evaluations as well as product flabity
Bnalyses for medical and diagnestic devices and Investigational biomaternials,

IMhasammmwmmwmmommmm.mmmm:
wmmmm.mmemm&mdmmmmﬁmmm i
stﬁla_ﬂnhrmrymmumﬁu.nmabomvﬂemuhmy.&mnmdmmm
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