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The survival properties of silicone gel breast implants are dependent on their vintage (year of manufacture), duration in situ and
manufacturer. A total of 527 gel implants have been explanted and analyzed in the author’s laboratories. Of the 28 first-generation implants
(1963 to 1972), 27 (96.4%) remained intact after 14 to 28 years in situ (mean 20.8 years). Of the 216 second-generation implants (1973 to
mid-1980s) that were explanted from 1992 to 1998, 158 (73%) had disrupted. Kaplan-Meier survival curves demonstrated significantly
different survival properties among second-generation manufacturers. Surgitek implants were by far the least durable. After 14 years, all
second-generation Surgitek implants had disrupted. By contrast, after 20 years, about half of the Dow Corning and Heyer-Schulte implants
remained intact. Among third-generation implants (mid-1980s to 1992), 43 of 46 (93.4%) remained intact after a mean of 6.3 years (range
three to 12 years). The three disruptions were Surgitek implants. Implants from other manufacturers remained intact. However, the
disruption frequencies of third-generation implants have yet to be measured over the relevant periods of time. Survival patterns appeared to
be related to the thickness of the elastomeric shell of the three generations of implants. Mechanical strength analyses of the elastomeric
shells of explants have exhibited little or no large scale material degradation, even after as long as 28 years in situ. The mechanism of
implant disruption likely involves the ‘fold flaw’ theory, whereby an internal abrasion can develop over time at the site of a fold in the
implant wall. Diagnosis of disruption is difficult. Mammography is helpful only if there has been extravasation of silicone gel into breast
tissue. Extravasation was observed in only 4.2% of second-generation implants removed from 1992 to 1998. It was not seen with first- or
third-generation implants. Ultrasound analyses are not generally helpful to predict disruption because they are very operator dependent and
because capsular contracture causes folds in the implant wall, which result in false positives. Magnetic resonance imaging is the most
accurate imaging modality to detect implant disruption. However, this technology is not indicated for monitoring implant status because it
is too costly and time consuming, and because it has significant limitations, particularly with first-generation and textured implants. Careful
explantation and direct visual examination are the standards for diagnosing gel implant disruption. Many implant disruptions are likely
‘silent’, with no specific symptoms or clinical findings. After disruption, none of the following are elevated above the levels seen in control
women without implant exposure: serum autoantibodies, blood and serum silicon, and the incidence of breast cancer, autoimmune disease
or any other medical disease. There is no evidence to support the existence of any ‘novel’ or ‘atypical’ syndrome associated with gel
implants. Women over 30 years of age with breast implants require regular monitoring for breast cancer detection. This should include
monthly breast self examination and annual clinical breast examination. In addition, women over 50 years old require annual eight-view
mammographic assessment using the implant displacement technique. Even then, breast implants have been shown to interfere with
complete imaging, particularly if the implants are subglandular, large or associated with significant capsular contracture. A logical approach
to explantation should involve consideration of a patient’s personal concerns and anxiety, her implant vintage, the plane of insertion of her
implants, her current clinical status and whether she chooses to replace her gel implants. Women requesting explantation require extensive
information before deciding on surgery. At explantation, capsulectomy seems to be indicated if there is capsular calcification or major
capsular thickening. (Pour le résumé, voir page suivante)
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SILICONE GEL BREAST IMPLANTS
Silicone gel breast implants were introduced in 1963 by
Cronin and Gerow (1) as new ‘natural feel’ implants. They
consist of a rubber-like silicone elastomer envelope (shell),
which varies in thickness from 0.075 to 0.75 mm (0.003 to
0.030 inches), enclosing a known volume of silicone gel (2),
ranging from 80 to 800 cm3. The elastomer is composed of
extensively cross-linked high molecular weight components,
together with 16.4% to 26.9% amorphous fumed silica filler,
which is used as a reinforcing agent. The mechanical proper-
ties of silicone elastomer are relatively weak. Silica increases
this mechanical strength up to 40-fold. The gel consists of a
mixture of low molecular weight (6000 to 38,000 Da) and
high molecular weight (up to 404,000 Da) components (2).
Solvent extraction of the envelope and of the gel has revealed
30 different linear and cyclic components (2).

PREVALENCE
Silicone gel breast prostheses were originally implanted in
small numbers, and these numbers slowly increased. From
1962 to 1970, only about 50,000 women received gel im-

plants in the United States (3). Subsequently, the number of
women receiving implants rose annually. In 1982, about
100,000 women received implants (3). From 1983 to 1991,
this number remained constant at 120,000 to 130,000 per
year. Estimates indicate that, by 1988, 1.0 to 1.27 million
women had received breast implants and that over 95% were
gel-filled (3). In 1989, the prevalence of silicone gel breast
implants among women in the United States over 18 years of
age was estimated to be about 1% (3,4).

IMPLANT VINTAGE
First-generation implants
There have been three main generations of silicone gel breast
implants (5-7). First-generation implants were made from
about 1963 to 1972. During this time, Dow Corning had an
almost exclusive monopoly on their manufacture. The im-
plants were composed of a thick (firm) gel and a thick elasto-
meric wall (Figures 1,2). From 1963 to 1968, the shells were
0.75 mm thick (Figure 1). They were prepared by peroxide-
based technology using a molding technique to produce a
preformed seamed shell, which was subsequently filled with
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État actuel des propriétés de durée de vie des prothèses mammaires et traitement des femmes porteuses de prothèses
mammaires de silicone

RÉSUMÉ : Les propriétés de durée de vie des prothèses mammaires de silicone dépendent de l’année de fabrication, de la durée de mise en place
et du fabricant. Un total de 527 prothèses de silicone ont été extraites et analysées aux laboratoires de l’auteur. Des 28 prothèses de la première
génération (de 1963 à 1972), 27 (96,4 %) d’entre elles étaient intactes après une durée de mise en place de 14 à 28 ans (20,8 ans en moyenne). Des
216 prothèses de la deuxième génération (de 1973 au milieu des années 80) extraites entre 1992 et 1998, 158 (73 %) d’entre elles présentaient une
rupture. Les courbes de durée de vie selon la méthode de Kaplan-Meyer ont montré des différences significatives, entre les fabricants, quant aux
propriétés de durée de vie des prothèses de la deuxième génération. Les prothèses Surgitek étaient de loin les moins durables. Après 14 ans, toutes
les prothèses Surgitek de la deuxième génération présentaient une rupture. À l’opposé, environ la moitié des prothèses Dow Corning et
Heyer-Schulte étaient intactes après 20 ans. Parmi les prothèses de la troisième génération (du milieu des années 80 à 1992), 43 prothèses sur 46
(93,4 %) étaient intactes après une durée de vie moyenne de 6,3 ans (entre trois et douze ans). Les trois qui présentaient une rupture étaient des
prothèses Surgitek. Les prothèses des autres fabricants étaient intactes. Toutefois, la fréquence de rupture des prothèses de la troisième génération
reste à évaluer sur une période de temps appropriée. Les propriétés de durée de vie semblent liées à l’épaisseur de l’enveloppe d’élastomère des
prothèses de la troisième génération. Les analyses de résistance mécanique de l’enveloppe d’élastomère des explants ont révélé peu ou pas de
dégradation matérielle à grande échelle, même après une durée de mise en place de 28 ans. Le mécanisme de rupture des prothèses s’explique
sans doute par la théorie du faux pli selon laquelle une abrasion interne risque de s’installer avec le temps à l’endroit du pli dans la paroi de la
prothèse. Les ruptures sont difficiles à diagnostiquer. La mammographie ne peut les détecter que s’il y a eu épanchement de silicone dans les
tissus mammaires. On a observé un épanchement chez seulement 4,2 % des femmes porteuses de prothèses de la deuxième génération, extraites
entre 1992 et 1998. Tel n’était pas le cas avec les prothèses de la première et de la troisième génération. Les échographies ne sont habituellement
pas utiles pour prévoir les ruptures parce que leur efficacité repose beaucoup sur l’habileté du technicien et parce que la contracture capsulaire
entraîne des plis dans la paroi de la prothèse, ce qui se traduit par des résultats faux positifs. L’imagerie par résonance magnétique est l’examen le
plus précis pour déceler les ruptures de prothèse. Cependant, elle n’est pas indiquée pour contrôler l’état de la prothèse parce qu’elle coûte trop
cher et prend beaucoup de temps. De plus, elle présente d’importantes limites, surtout en ce qui concerne les prothèses de la première génération
et les prothèses texturées. Une extraction soigneuse des prothèses et un examen visuel direct sont la norme pour diagnostiquer les ruptures de
prothèse de silicone. Un grand nombre de ruptures de prothèse sont « asymptomatiques », c’est-à-dire non accompagnées de symptômes précis ou
de signes cliniques. Comparativement aux femmes témoins n’ayant pas porté de prothèses, les femmes dont les prothèses présentaient une rupture
n’avaient pas plus d’anticorps sériques, de silicone dans le sang et le sérum, d’incidence du cancer du sein, de maladie auto-immune ou de tout
autre type de maladie. Rien n’étaye l’existence de quelque syndrome « nouveau » ou « atypique » associé aux prothèses de silicone. Les femmes
âgées de plus de 30 ans, porteuses de prothèses mammaires doivent subir des examens réguliers de dépistage du cancer du sein, dont
l’auto-examen mensuel et un examen clinique annuel des seins. En outre, les femmes âgées de plus de 50 ans doivent subir une mammographie
annuelle à huit incidences à l’aide de la technique de déplacement des prothèses. Même là, on a déjà vu des prothèses mammaires brouiller la
formation des images, surtout si elles sont sous-glandulaires, grosses ou associées à une contracture capsulaire importante. Une approche logique
à l’égard de l’extraction devrait tenir compte des préoccupations personnelles et de l’anxiété de la patiente, de l’année de mise en place des
prothèses, de leur plan d’insertion, de l’état clinique actuel de la femme et de sa décision quant au remplacement des prothèses de silicone. Avant
d’opter pour la chirurgie, les femmes demandent beaucoup de renseignements. À l’extraction, une capsulectomie semble indiquée en cas de
calcification capsulaire ou d’épaississement capsulaire important.
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gel. From 1969 onwards, platinum-based technology was
used, and all shells were seamless (the Silastic 0 implant,
Figure 2). These shells were produced by automated ‘dip-
coating’ a form (mandrel) into an elastomeric dispersion. The
shell was then removed from the mandrel, gel was injected
into it and the injection perforation site was sealed with adhe-
sive silicone. These shells were about 0.25 mm thick.

First-generation implants had woven dacron patches on

their posterior surface to anchor them to the chest wall, in an
attempt to reduce ptosis. Implants made in 1963 had a single
patch that covered the entire posterior implant wall (the
‘Cronin seamed prosthesis’). Only four implant sizes were
available. In 1964, this patch was replaced with four-
quadrant patches. In 1968, this configuration was changed to
three, four or five patches (Figure 2), depending on the im-
plant volume. One of these patches was usually dumbbell
shaped (Figure 2). First-generation implants have proved to
be much stronger than those developed subsequently (8,9),
likely due to the thickness of their elastomeric shell (Ta-
ble 1).

Many women who received first-generation implants de-
veloped very firm breasts, often within a year of their sur-
gery. This was due to capsular contracture, a process that was
not well understood at the time. It was surmised that this
firmness was due to the firmness of the implants. Softer
(second-generation) implants were, therefore, developed
with the hope that they may result in softer breasts.

Second-generation implants
Second-generation implants had a thin gel and a thin wall
(0.13 mm) (Table 1, Figure 3). The thickness or firmness of
the gel was related to the relative amount of highly cross-
linked material in the gel. The thick or firm gel contained
about 50% highly cross-linked silicone and about 50% low
molecular weight chains. By contrast, the thin or ‘respon-
sive’ gel contained only about 20% highly cross-linked sili-
cone and 80% low molecular weight chains. The gel is much
less viscous (Figure 3) than that of first-generation implants
(Figure 2). Many second-generation implants have become
disrupted over time (8,9).

Each manufacturer released its product during different
years, and each implant model was usually introduced earlier
in the United States than in Canada (Table 2). Heyer-Schulte
released the first soft (‘cohesive’) gel implant in the United
States in 1972 and in Canada in 1974. Medical Engineering
Corporation/Surgitek introduced a similar product in the
United States in 1972, but it was not released in Canada until
1979. Dow Corning introduced a comparable product (the
‘responsive gel’, Silastic I implant) in the United States in
1975 and in Canada in 1978 (Table 2). Fixation patches were
discontinued on most implants by 1975. They were available
on selected models through 1984, and subsequently only by
special order. Many of the patches on second-generation im-
plants were composed of silicone alone rather than silicone
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Figure 1) First-generation gel implant (Dow Corning, Cronin, seamed,

1967) composed of a thick (firm) gel and a thick elastomeric wall

(0.75 mm). The implant has been opened along its circumference with a

scalpel to show that the gel is very cohesive

Figure 2) First-generation implant (Dow Corning, seamless, Silastic 0,

1971) with two Dacron patches on the posterior surface, one in the

shape of a dumbbell. First-generation implants have proved to be

stronger and more durable than second-generation implants

TABLE 1
Thickness of elastomeric shells for the three generations of
silicone gel implants

Generation Shell thickness (mm)

First

1963 to 1968 0.75

1969 to 1972 0.25

Second 0.13

Third 0.50
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with dacron. They provided less fixation than dacron
patches.

Surgeons soon noticed that many patients with second-
generation implants also developed firm breasts, in spite of
the ‘soft’ nature of the implants. When these patients under-
went open capsulotomy, a number of these implants were
found to be disrupted. Manufacturers added disclaimers to
their product inserts, stating that “currently available mam-
mary prostheses are not perfect – the elastomer has a low tear
strength and is thin to achieve softness”. Manufacturers ini-
tially endorsed the autoclaving of silicone gel implants. Sub-

sequently, when the walls of these implants were noted to
tear easily (particularly if they were still hot), companies
added a disclaimer against autoclaving. Manufacturers ulti-
mately addressed the implant disruption problem by devel-
oping the third-generation implant.

Third-generation implant
The third-generation implant had a stronger and thicker
(0.50 mm) shell (high performance) and a much more cohe-
sive gel (Figure 4) than second-generation implants (Figure 3).
They also had a ‘barrier layer’ to reduce the diffusion of sili-
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Figure 3) Second-generation implant with a thin, ‘responsive’ (non-

cohesive) gel and a thin wall (0.13 mm). The gel is much less viscous and

less cohesive than that of first-generation implants. Many of these im-

plants have become disrupted over time

TABLE 2
Introduction of second-generation silicone gel implants in
the United States and Canada

Year of introduction

Manufacturer United States Canada

Heyer-Schulte 1972 1974

Surgitek 1972 1979

Dow Corning 1975 1978

Figure 4) Third-generation implants had a stronger and thicker

(0.50 mm) shell, and a much more cohesive gel than second-generation

implants. This implant has been opened along its lower border with a

scalpel. The exposed gel is very cohesive compared with that of second-

generation implants (see Figure 3)
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cone, which was thought to increase capsular contracture.
McGhan released the first third-generation implant – the In-
trashiel – in the United States in 1979 (Table 3). It had a di-
phenyl barrier layer of proprietary composition, sandwiched
between an inner and outer layer of high performance elas-
tomer.

Other companies followed with similar types of implants.
The third-generation Dow Corning implant (Silastic II) had a
fluorosilicone layer to restrict silicone bleed. Half of the
methyl groups on the polysiloxane chains were replaced with
trifluoropropyl groups. This barrier layer was only 5 to
10 µm thick and was located on the inner surface of the elas-
tomeric shell. The corresponding Surgitek implant (strong
cohesive, low bleed) had a barrier layer that was incorporated
into the wall of the shell rather than on the surface. This layer
was formed by diphenyl groups that were substituted for
some of the dimethyl groups in the silicone elastomer. The
introduction of third-generation implants was geographically
dependent (Table 3). The Silastic II implant was introduced
by Dow Corning in the United States in 1981 and in Canada
in 1984. The Surgitek strong cohesive, low bleed implant
was introduced in the United States in 1986 and in Canada in
1988 (Table 3).

Other gel implants
Over the years, more than 240 styles of silicone gel breast im-
plants have been manufactured in the United States alone
(6,7). It has been further estimated that as many as 8300 dif-
ferent models of gel implants were available over the years
(6,7). There have been numerous manufacturers and designs
of implants, including single-lumen, double-lumen, reverse
double-lumen, triple-lumen, smooth, textured and adjustable
implants, and implants with various contours. Of particular
interest, two types of gel implants were intentionally manu-
factured without a shell (6,7): the Cavon implant and one
style of the Aesthetech implant. Both implants were used in
several areas of the United States from 1979 to 1986.

SOURCE OF GELS AND ELASTOMERS
Over the years, the exact source of the gels and elastomers for
each manufacturer was quite variable (6,10). Dow Corning
always used their own gel and elastomer. Other manufactur-
ers obtained their gels from a variety of sources. From 1972
to 1976, most obtained gel from General Electric (6,10).
From 1976 to 1991, some manufacturers (including Aesthe-
tech, Heyer-Schulte, Cox Uphoff and Medical Engineering

Corporation-Surgitek) often obtained their gel and elasto-
meric raw materials (dispersion fluid to dip-coat the gel)
from Dow Corning. However, from 1984 to 1992, many im-
plant manufacturers also obtained gel and elastomeric raw
materials from other companies, including Admiral Materi-
als, Applied Silicone, Polymer Technologies and Interna-
tional Silicone Corporation. From 1977 to 1984, McGhan
supplied its own gel (McGhan Nusil Corporation, which be-
came a subsidiary of Union Carbide in 1990). The source-
variability of gel and elastomeric raw materials likely con-
tributed to the different mechanical properties of implants
from different manufacturers.

CHRONOLOGY OF THE MANUFACTURERS
The chronology of the various implant manufacturers is con-
fusing. Many of the companies underwent multiple name
changes over the years. Litigation lawyers have had their
hands full just keeping track of them (10). Heyer-Schulte be-
gan to manufacture gel implants in 1971. In 1974, they were
acquired by American Hospital Supply. The Heyer-Schulte
division of that company was acquired by Mentor in 1984. In
1985, American Hospital Supply Corporation was merged
into Baxter Healthcare Corporation. Although Baxter never
manufactured breast implants, they became legally responsi-
ble for many of the earlier Heyer-Schulte implants because of
their acquisition of the American Hospital Supply Corpora-
tion.

McGhan initially manufactured gel implants in 1974 and
merged into 3M in 1980. In 1984, McGhan acquired the com-
pany back from 3M. In 1985, that company was in turn ac-
quired by First American and the name was changed to
Inamed. Cox Uphoff began to manufacture gel implants in
1975. In 1989, the company was acquired by Inamed, and the
name was changed to Cox Uphoff International, which went
bankrupt in 1991. Medical Engineering Corporation/Sur-
gitek began to manufacture gel implants in 1971. In 1982, the
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TABLE 3
Introduction of third-generation silicone gel implants in the
United States and Canada

Year of introduction

Manufacturer United States Canada

McGhan (Intrashiel) 1979 1980

Dow Corning (Silastic II) 1981 1984

Surgitek (strong cohesive, low bleed) 1986 1988

Figure 5) World Health Organization stain of the capsule surrounding a

first-generation gel implant. The upper border of the capsule was adja-

cent to the implant. Although the implant had remained clinically intact

19 years after implantation, silicone has accumulated within the capsule

after ‘bleeding’ through the elastomeric shell of the implant (magnifica-

tion × 50)
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company was acquired by Bristol-Myers Squibb, who subse-
quently became legally responsible for many of the earlier
implants.

SILICONE BLEED
Since 1978, it has been recognized that silicone can be ex-
pected to ‘bleed’, by diffusion, from all clinically intact gel
implants (11). This phenomenon has been shown to increase
under load (2) (eg, capsular contracture). Figure 5 shows a
World Health Organization stain of the capsule surrounding
a first-generation implant that was removed after 19 years in
situ. Although the implant remained clinically intact, glob-
ules of silicone have accumulated within the capsule, after
‘bleeding’ through the intact elastomeric shell. Studies have
now shown that the level of silicon in the capsules from intact
first-generation gel implants is similar to the silicon levels of
capsules from ruptured second-generation implants (12).

Several studies have attempted to measure the rate and
composition of this silicone bleed (13 and unpublished data).
Dow Corning analyzed gel bleed from Silastic I implants af-
ter applying a 5 kg weight for over 30 days (unpublished
data). There was an average of 840 mg of bleed per implant.
About 97% consisted of a polymer with an average molecu-
lar weight of 23,630 Da, likely from the swelling fluid used in
the manufacture of the implants. The other 3% consisted of a
high molecular weight component (more than 200,000 Da)
that appeared to originate from uncross-linked silicone in the
shell (unpublished data). By contrast, when 5 kg were ap-
plied to Silastic II implants, only 45 mg of bleed was ob-
tained from each implant because of the barrier coat
(unpublished data). About 77% was a low molecular weight
component (from the swelling fluid), and 23% was a very
high molecular weight component (from residual un-
cross-linked polymer in the shell) (unpublished data).

Callahan (2) and Yu et al (13) have attempted to measure
the annual bleed rates of Silastic II implants into saline or
simulated body fluids. The measured rates were 100 mg and
220 mg per year. Extrapolating to the in vivo situation is dif-
ficult because the ultimate rate of bleed is limited by the rate
of diffusion through the shell and the rate of removal of the
bleed from the exterior surface of the implant. This, in turn,
would be limited by silicone solubility and by the presence of
capsular tissue, which would provide an additional barrier to
bleed.

There is some indication that, over the longer term, the
barrier layer of some third-generation implants may not re-
main effective. Several studies have indicated that, over time,
the capsule silicon levels of barrier-coated implants are not
different from those of first-generation implants (12,14-17).
A bleed is not considered to represent disruption of a gel im-
plant because all gel implants bleed with time.

IMPLANT DISRUPTION
Definition of disruption
Silicone gel fluid is regularly found on the surface of gel-
filled implants. This represents ‘bleed’, not disruption. Dis-
ruption refers to the breakdown of the integrity of the elasto-

meric shell, with gel detectable clinically on the surface of
the implant and/or capsule (18-21). This may involve com-
plete disruption of the shell (rupture), ‘leaking’ with a pin-
hole or tiny flaws in the shell. The resulting stickiness on the
shell surface can sometimes ‘string out’ over a variable dis-
tance (Figure 6).

Prevalence of disruption
Earlier studies suggested that gel implants could fail over
time (22,23). However, before 1993, the incidence of disrup-
tion was thought to be very low. In their Breast Implant Re-

source Guide (1992) (24), the American Society of Plastic
and Reconstructive Surgeons reported a spontaneous disrup-
tion incidence of 0.46% and an incidence of less than 1% fol-
lowing closed capsulotomy. In 1992, Angell (25) estimated
an incidence of 4% to 6%. In January 1992, the United States
Food and Drug Administration Commissioner David Kessler
(26) called for a voluntary moratorium on the use of gel
breast implants. Following this, hundreds of thousands of
women with gel implants rushed to have their implants re-
moved. They perceived that there was a direct association be-
tween their implants and medical disease. Why else would
they have been banned?
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Figure 6) Second-generation gel implant that has leaked 12 years after

implantation. There was a layer of stickiness on the implant and capsule

surfaces. The silicone was seen to ‘string out’ over a variable distance. A

‘pinhole’ was seen in the shell when digital pressure was applied to the

implant
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Explantation became a common procedure for many sur-
geons. Soon, a surprising finding emerged – that many sili-
cone gel implants had, in fact, become disrupted. In 1993, de
Camara and colleagues (27) reported that, of 51 implants re-
moved from 31 women, only 17 remained intact. All im-
plants older than 10 years were leaking or ruptured. There
were no first-generation implants in this study. In 1994, Pe-
ters and coworkers (28) reported a much larger series of pa-
tients with similar findings. There was a positive correlation
between duration of implantation time and implant failure.
Of the second-generation implants in place for longer than
six years, 70% were disrupted. In 1995, Robinson and col-
leagues (20) reported 300 patients who had undergone ex-
plantation. Of 592 implants removed, 63.5% had disrupted.

Subsequently, Peters et al (21,28,29) showed that the sur-
vival of gel implants was determined not only by their dura-
tion in situ, but also by their vintage (year of manufacture).
Of 352 explanted implants analyzed, 20 were first-
generation, and all were intact at explantation. By contrast,
second-generation implants began to fail by leaking or rup-
turing after only four years in situ. By six years, 40% had
failed. After 12 years, 95% had failed (28,30). During the
past few years, other groups have reported similar findings
(31-34). These results have been reviewed in two publica-

tions (34,35). Most of these studies have not addressed the
generational issue of the explanted protheses.

Current status of disruption
It is now understood that there are both generation-specific
and manufacturer-specific differences in the disruption prop-
erties of silicone gel breast implants (36). We have explanted
527 gel prostheses, mostly from women who were having
symptoms. Of these, 28 were first-generation Dow Corning
prostheses. They were explanted after 14 to 28 years in situ
(mean 20.8 years). Only one of these implants was disrupted.
All the others were clinically intact. Thus, in our studies,
96.4% of first-generation implants remained clinically intact
after a mean of 20.8 years in situ. Not infrequently, first-
generation implants can become disrupted during the explan-
tation process (9,36). This disruption usually occurs at the at-
tachment site of the dacron patch, which is firmly embedded
into the capsule. This is usually considered to be a mechani-
cal disruption induced by the explantation procedure, rather
than a failure of the implant per se (9,36).

Several studies have shown that second-generation im-
plants are much less durable than their first-generation coun-
terparts (9,18,20,28). From 1992 through 1998, we explanted
216 second-generation gel implants with identifiable manu-
facturers. At explantation, 73% were disrupted. Figure 7
shows Kaplan-Meier survival curves for these 216 second-
generation implants and for our 28 first-generation implants.
These generational survival curves are vastly different.

Recent studies have demonstrated that the survival curves
for second-generation implants are different for each manu-
facturer. Of the 216 implants, 125 were Surgitek, 49 were
Heyer-Schulte and 42 were Dow Corning. A Kaplan-Meier
survival curve for these 216 second-generation implants in-
dicates that each of the manufacturers had a different survival
curve (Figure 8). In this study, the overall differences among
the manufacturers were assessed using the logrank test. Early
differences were analyzed by using the Wilcoxon test, and
the –2Log (longrank) test was used to analyze differences in
later years. All three tests had a P<0.0001. In this study, all 17
Surgitek implants that had been in place for 14 years or
longer had ruptured. By contrast, second-generation implants
made by Dow Corning and Heyer-Schulte were much more
durable. For example, of 16 Dow Corning implants that were
removed after 18 to 20 years in situ, 10 remained intact. Of 11
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Figure 7) Kaplan-Meier survival curves for 28 first-generation im-

plants and for 216 second-generation implants explanted from 1992 to

1998. LR Logrank

Figure 8) Kaplan-Meier survival curves for 216 second-generation gel

implants comparing three different manufacturers. LR Logrank

TABLE 4
Status of 46 third-generation gel implants explanted from
1992 to 1998

Manufacturer Total Intact
Duration, mean years

(range)

Dow Corning 8 8 7.0 (4-12)

McGhan 14 14 6.7 (5-11)

Surgitek 18 15 5.3 (3-10)

Cox Uphoff 6 6 7.2 (7-8)

7

G:...peters.vp
Fri Mar 31 14:33:51 2000

Color profile: EMBASSY.CCM - Scitex Scitex
Composite  Default screen

0

5

25

75

95

100

0

5

25

75

95

100

0

5

25

75

95

100

0

5

25

75

95

100



 

Heyer-Schulte implants removed after 21 to 23 years in situ,
five remained intact.

Studies have also shown that third-generation implants
are much more durable than second-generation implants
(18,20,21,28-30). From 1992 through 1998, we have ex-
planted 46 third-generation gel implants with known manu-
facturers. Only three of these implants were disrupted.
Again, there were manufacturer-specific differences (Table
4). Of the 46 implants, all eight Dow Corning Silastic II im-
plants, which had been in place for four to 12 years (mean 7.0
years), were clinically intact. All 14 McGhan implants,
which had been in place for five to 11 years (mean 6.7 years),
were also clinically intact. All six Cox Uphoff implants,
which had been in place for seven to eight years, were clini-
cally intact. By contrast, of 18 Surgitek strong cohesive, low
bleed implants in place from three to 10 years (mean 5.3
years), only 15 remained clinically intact at explantation (Ta-
ble 4). Although third-generation implants are more durable
than second-generation implants, their disruption frequen-
cies have yet to be measured over the relevant periods of
time.

Selection bias
It is important to recognize that there is an inherent selection
bias in virtually all of the explantation-disruption studies that
have been reported in the literature (18-21,27-35). Most
women in these studies underwent surgery because they had
problems related to their implants. It is conceivable that the
prevalence of implant disruption in these patients could,
therefore, be greater than those of ‘control’ or ‘asympto-
matic’ patients who are not having problems related to their
implants. The real denominator in these studies remains un-
known.

Mechanism of disruption
Many theories have been advanced in an attempt to explain
the mechanism of implant disruption. Recent extensive me-
chanical analyses comparing explanted with nonimplanted
matched gel implants have indicated that – apart from the
suspected localized areas of ‘fold flaw’ defects – the silicone
elastomer shells of explants exhibit little or no large scale
material degradation, even after implantation for as long as
28 years in situ (37,38). A likely mechanism for disruption
appears to be the ‘fold flaw’ theory, which was originally ad-
vanced by Worton and colleagues (39) in 1980 for saline-
filled implants. These authors described a mechanism that
did not develop until six to seven years after insertion. Then,
implants developed a small hole at the end of one of the wrin-
kles in the elastomer shell. This was termed a ‘fold flaw’ leak
and was thought to result from an ‘internal abrasion’ at a
wrinkled (and presumably weakened) site in the shell. While
this mechanism has not been scientifically proven, it seems
logical.

The fold flaw mechanism would also apply to gel-filled
implants because they had the same elastomeric shell compo-
sition as saline-filled implants. A fold flaw defect would be
expected to be more common in an implant that was under-

inflated, which would allow more folds to develop. Most
second-generation gel implants were ‘underinflated’. It
would also be expected to be more common in saline im-
plants than in gel implants because the more viscous nature
of the gel would ‘cushion’ folds in the shell (39,40). In 1996,
Tebbetts (41) provided further support for the fold flaw the-
ory. He showed that, in the body, all smooth-shelled, round
saline implants fall to the bottom of the periprosthetic pocket,
so that the upper pole of the implant is always collapsed and
wrinkled, even if the implant is overfilled 15% past the
manufacturer’s recommended volume.

Many other mechanisms have also been suggested to ex-
plain implant disruption. Closed capsulotomy has been docu-
mented as a potential cause of implant rupture (42,43), and
some studies have shown an association between it and
subsequent implant disruption (20). The pressures generated
during closed capsulotomy have been shown to be
0.75 kg/cm2 to 1.07 kg/cm2 (10.6 to 15.2 pounds per square
inch) (44). In 1975 to 1976, many implant manufacturers en-
dorsed closed capsulotomy for the treatment of breast firm-
ness. Subsequently, when ruptures were discovered among
second-generation implants, they added a disclaimer to their
product inserts. Other suggested mechanisms for disruption
include trauma, general wear and tear, lipid infiltration of the
elastomeric shell leading to weakening, mammography and
manufacturing defects (42-48).

Assessment of disruption
Most often, implant disruption is diagnosed at explantation
(34,35). Occasionally, disruption can be diagnosed by mam-
mography, but only if there has been extravasation of the gel
into adjacent breast tissue. Then, a diagnosis is made when
there is a large rent in the capsule or dispersion of the silicone
globules throughout the breast (49). Ultrasound studies have
not proved to be helpful to predict rupture (50). These tests
are very operator dependent. In addition, if there is signifi-
cant capsular contracture, then the resulting folds in the im-
plant shell tend to give false positive results (50). The most
accurate method to diagnose rupture is magnetic resonance
imaging (MRI), using a specific breast coil. However, this
technology is not indicated for monitoring patients with gel
implants (3) because it is too costly and time consuming, and
it has significant diagnostic limitations (particularly with
first-generation and textured implants). Careful explantation
and direct visual examination is the standard for diagnosing
gel implant disruption (3).

Consequences of implant disruption
Most implant disruptions are probably ‘silent’ and are not as-
sociated with any particular symptoms or clinical findings
(28,30). Following most implant disruptions, the free sili-
cone is usually contained within the capsule (intracapsular)
(30,49). However, in some patients, the free silicone can mi-
grate into adjacent breast tissue. In our studies, extravasation
was seen only with certain second-generation implants
(28,30). It was not seen with first- or third-generation im-
plants. This may be related to the much thinner shell
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(0.13 mm) and the less cohesive nature of the gel of second-
generation implants (Figure 3). Among second-generation
implants removed from women requesting explantation from
1992 to 1995, only 4.2% demonstrated extravasation at the
time of their surgery (28,30).

Several investigators have measured silicon levels in the
capsules of women with intact and disrupted gel implants
(12,14-17). These studies have shown that the capsules of pa-
tients with disrupted implants did not have elevated levels of
silicon compared with the capsules of patients with clinically
intact implants. This is likely explained by the silicone bleed
levels of intact implants.

Women with disrupted gel implants did not have differ-
ences in the frequency or titre of their autoantibodies com-
pared with control patients without exposure to breast
implants (51). Seventeen controlled epidemiological studies
have demonstrated that there is not a significantly increased
risk of connective tissue disease in women with silicone gel
implants, whether they are intact or disrupted (52-54). Some
studies have suggested that gel implants may be associated
with a ‘novel’ or ‘atypical’ disease or syndrome (3). How-
ever, recent evidence has concluded that there does not ap-
pear to be even suggested evidence for the existence of a
novel syndrome (3). Similarly, several studies have shown
that there is not an increased prevalence of breast cancer
among women with silicone gel breast implants (55-59). The
evidence is conflicting on whether implants result in the dis-
covery of breast cancer at later stages, but no studies have
shown an increase in mortality because of diagnostic delays
(3,5).

Silicone from bleeding or from implant disruption may
cause local inflammation in some women (60). Silicone gel
has been found to migrate into both surrounding and distant
tissues as a result of rupture or bleed. Reports have shown
that silicone can be found in the breast, axillary lymph nodes,
arms, fingers and groin (61-64). Capsular calcification of
second-generation gel implants is more common in disrupted
implants than in intact implants (9).

Several studies have shown that, although blood and se-
rum silicon levels were higher in patients with gel implants
than in controls, the levels were still within the range of con-
trol women without exposure to breast implants (65-68).
Blood silicon levels among women with disrupted implants
were not elevated above those of controls or those of women
with intact implants (65,67). Although earlier studies by Gar-
rido and colleagues (61) indicated that silicone from ruptured
gel implants could travel to a patient’s blood and liver, subse-
quent nuclear magnetic resonance investigations in our labo-
ratories under identical assay conditions failed to detect
silicone in the blood of women with intact or ruptured im-
plants (62). Semple and colleagues (63) have shown that the
mean silicon levels in breast milk of 15 patients with gel im-
plants was not significantly different from those of 30 control
patients.

Several outcome studies have been conducted during the
past few years (69-71). These have indicated that, following
explantation of either intact or disrupted gel implants, many

patients experience an improvement in their local symptoms
(such as firmness and breast pain) and in their general psy-
chological well being. However, in patients with fibromyal-
gia, inflammatory arthritis or autoimmune disease, there was
no significant improvement in clinical or laboratory findings
after explantation (69). These patients are being evaluated
further in careful long term studies.

MONITORING THE WOMAN WITH
BREAST IMPLANTS

Patients with breast implants need to be monitored at regular
intervals for breast cancer detection. About 11% of all
women will develop breast cancer in their lifetime. Most
breast cancer (75%) occurs in women over the age of 50
years. However, a significant component develops in
younger women. Over 70% of women with breast cancer
have no specific family history. There are three important
modalities to detect breast cancer: breast self examination,
clinical breast examination and mammography.

Women over the age of 30 years should undergo regular
monthly breast self examination and annual clinical breast
examination. These are optimally performed about one week
after the menses, when cyclical ductal and alveolar growth,
and water retention have settled (72). Breast self examination
is important because 85% of breast lumps are first discovered
by the patient. From age 50 years onwards, all women should
also undergo annual screening mammography. Mammogra-
phy is the single most important tool for the detection of
small (less than 0.5 cm) occult (nonpalpable) lesions, when
the outcome is extremely favourable. From the age of 50
years onwards, annual screening mammography has been
shown to result in a 30% to 40% reduction in overall breast
cancer mortality (72).

In patients without breast implants, mammography usu-
ally involves two compression views: mediolateral oblique
(MLO), where the breast is viewed from side to side, and
craniocaudal (CC), where the breast is viewed from top to
bottom (49). Breast implants have been shown to interfere
with complete imaging of the breast (73-75). Hayes and col-
leagues (73) showed that when standard compression views
were used, a breast implant obscured 22% to 83% of visualiz-
able breast tissue. Gel (and saline-filled) implants interfere
with imaging because they are not radiolucent (gel is worse
than saline) (3). Additionally, both types of implants com-
press fat and glandular tissues, creating a more homogenous
dense tissue that lacks the contrast needed to detect the subtle
features of early breast cancer (3). To improve imaging, Ek-
lund and Cardenosa (74) developed the implant displacement
technique, whereby breast tissue is imaged after it is drawn
anteriorly away from the implant. When this technique was
used in women with breast implants and the results compared
with preaugmentation films, the visualized area was still de-
creased, but only by 25% (76). It is important to understand
that the imaging limitations associated with gel (and saline)
implants are only partially overcome with these special
views.

Mammography centres recommend an eight-view mam-
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mogram for patients with breast implants. Each breast under-
goes the two standard compression views (MLO and CC).
These views are then repeated using the implant displace-
ment technique. Even with these imaging techniques, the
visualized area of augmented breast can be significantly de-
creased, particularly if the implants are subglandular, large or
associated with significant capsular contracture (73,75,76).
Under these conditions, there have been reports of patients
whose breast cancer was missed after implant displacement
mammography (75).

EXPLANTATION
Women with silicone gel breast implants frequently present
to plastic surgeons to discuss explantation options regarding
their implants. These patients are usually concerned about
implant disruption and any potential complications that
could develop from disruption. A woman may decide to un-
dergo explantation for many reasons. If her breasts are firm
or painful, she may perceive that her implants have disrupted.
She needs to know that most implant disruptions are likely
‘silent’ and are not associated with any specific clinical find-
ings. Her anxiety level may have increased because of media
publicity. She may have developed certain symptoms that
she thinks are related to her implants. Many patients still
think that there is a causal relationship between gel implants
and medical disease, ‘or else why are the implant companies
offering financial settlements?’ A logical approach to ex-
plantation should involve consideration of the patient’s per-
sonal anxiety and concerns, her implant vintage, her current
clinical status and whether she chooses to replace her im-
plants or undergo mastopexy.

Indications for explantation
There are a number of relative indications for explantation of
silicone gel implants. These may include implant disruption,
excessive breast firmness and/or pain, and patient anxiety.
Explantation may be indicated if a patient’s implants are
known to have disrupted (76). Although the release of gel
into tissues is not known to cause medical disease, it may re-
sult in local complications (3,76). An intracapsular rupture
may become extracapsular. Explantation may be indicated if
a woman has a poor clinical result, with excessive breast
firmness and/or pain. Explantation is particularly indicated in
this type of patient if she has a second-generation implant,
which is more likely disrupted. Many women with signifi-
cant local breast symptoms (firmness and pain) have demon-
strated a marked improvement in their symptoms after
explantation (30). Other women (and their families) may
have become so anxious about ‘potential health problems re-
lated to their implants’ that they demand explantation.

Explantation considerations
Implant vintage: Any woman considering explantation
needs to be fully informed about many issues related to her
implants and breast status. Current knowledge indicates that
the vast majority of first- and third-generation implants are
presently intact. Therefore, if her primary concern is implant

disruption, then that is likely not an issue with these particu-
lar implants. By contrast, many second-generation implants
have disrupted. This finding is manufacturer-dependent.
Dow Corning and Heyer-Schulte implants are much more
likely to be intact after 18 to 20 years than Surgitek implants.
Patients need to know that ultrasound studies are not helpful
to predict rupture and that mammography is helpful only for
the few patients who have extravasation. MRI studies are not
currently indicated to monitor implant status.
Capsulectomy: There is no overall consensus regarding the
role of capsulectomy in women with second- and third-
generation gel implants (77). Most surgeons routinely per-
form a capsulectomy when capsules are calcified. Many sur-
geons also perform a capsulectomy if capsules are very
thickened. Some surgeons recommend capsulectomy if im-
plants are disrupted (77) in order to remove any silicone that
could be present in the capsules. By contrast, many surgeons
prefer to leave capsules in situ if they are thin, particularly if
the implants are submuscular, when removal from the
ribcage could lead to increased morbidity (70).

If a capsulectomy is performed, particularly if there is ex-
tensive capsular calcification or thickening, then the patient
may be left with a greater deformity than if they are left in
situ. Certain patients remain convinced that all capsular tis-
sue needs to be fully removed at explantation. These patients
need to understand the morbidity and deformity that can re-
sult from this procedure, particularly if the breast tissue is
very thin, or if the implants are subsmuscular with large
pockets.
First-generation implants: If a woman has first-generation
implants, then her capsules will be heavily calcified (9). If
she undergoes explantation, she will require capsulectomy,
or else her calcified capsules will persist as a mass that can in-
terfere with subsequent clinical breast examination and
mammography (49). If a capsulectomy is done, there is usu-
ally a significant deformity, particularly if she chooses not to
undergo replacement of her implants. Figure 9 (top) shows a
48-year-old woman with class IV capsular contractures, pre-
senting 28 years after she received bilateral subglandular gel
implants. She presented with excessive pain and firmness,
which had prevented her from sleeping prone for many years.
No one had been able to touch her breasts for about 10 years.
She did not want her implants replaced. One year after
explantation and total removal of her extensively calcified
capsules, she presented with considerable deformity (Figure
9, bottom). However, she was pleased because her local
symptoms had disappeared. She was ‘a new woman’. Her
cosmetic result may have been better with implant replace-
ment.

If a woman with first-generation implants undergoes sa-
line implant replacement after explantation and capsulec-
tomy, then she usually obtains a better cosmetic result than if
she foregoes implant replacement. Figure 10 (top) shows a
54-year-old woman with first-generation gel implants and
class IV contractures. She obtained an acceptable cosmetic
result one year after explantation, total removal of her calci-
fied capsules and replacement of her gel implants with saline
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implants (Figure 10, bottom). However, patients such as this
need to be carefully warned that there may be visible and pal-
pable folds in their breasts, because of the watery nature of
the saline compared with the viscous nature of the gel in their
previous implants. These folds can be reduced (but not elimi-
nated) by overfilling the implants. Submuscular insertion of
implants can theoretically reduce these folds. However, pa-
tients with first-generation implants usually have major con-
tractures with stretching of their central breast tissue. Then, if
implants are inserted under the muscle, the central breast tis-
sue would appear ‘loose and empty’ over the breast mound.
In addition, with long-standing capsular contracture, there
can be fibrosis and contracture of the pectoralis muscle itself,
which restricts submuscular insertion of implants. The pa-
tient in Figure 10 had these findings; therefore, her new im-
plants had to be placed in the subglandular plane.
Second- and third-generation implants: Patients with sec-
ond- or third-generation implants can expect variable results
following explantation. Their results are dependent on the
original implant size and location, the degree and duration of
capsular contracture, whether a capsulectomy is performed
and whether they choose to replace their implants or undergo
a mastopexy. If their gel implants are replaced with saline
implants, then the cosmetic result is usually better than if no

further implants are inserted. In our studies, only about half
of our explantation patients elect to replace their implants
with saline implants. Other patients feel that their breast pri-
orities have become altered over time, and they no longer
want breast implants.

Patients with small or moderate-sized subglandular or
submuscular gel implants often obtain a satisfactory result
even if they choose not to replace their implants. Figure 11
(top) shows a 42-year-old woman with class IV contractures,
presenting seven years after the subglandular insertion of
200 cm3 gel implants. One year after explantation and total
capsulectomy, she had an acceptable result, even without im-
plant replacement (Figure 11, bottom). Figure 12 (top) shows
a 35-year-old woman with a class I result, seven years after
the submuscular insertion of 220 cm3 gel implants. One year
after explantation and capsulectomy (at the patient’s re-
quest), she had an acceptable cosmetic result (Figure 12,
bottom).

Surgeons should always consider that if implants are in-
serted in the subglandular plane, then a significant amount of
the breast is compromised during mammographic imaging.
This factor may be important in the older patient, whereas it
may have been less important when a woman was younger.
Figure 13 (top) shows a 39-year-old woman with class IV
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Figure 9) Top A 48-year-old woman with class IV capsular contrac-

tures 28 years after receiving subglandular gel implants. Bottom Result

one year after explantation and total capsulectomy for calcified cap-

sules

Figure 10) Top A 54-year-old woman with first-generation gel implants

and class IV capsular contractures. Bottom Result one year after ex-

plantation, total removal of calcified capsules and saline implant re-

placement. Her breasts are soft (class I) and pain-free. This patient’s

pectoralis muscle was thin and scarred, which prevented submuscular

insertion of her replacement implants
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capsular contractures 20 years after the subglandular inser-
tion of 190 cm3 gel implants. One year later, she had an ac-
ceptable result (class I) after explantation of her ruptured
implants, total capsulectomy (because of calcified capsules)
and insertion of submuscular 330 cm3 saline implants (Figure
13, bottom). The best results from a submuscular conversion
are obtained if the original implants were small, the central
breast tissue is not excessively stretched and larger replace-
ment implants are inserted so that the central breast tissue be-
comes filled out (Figure 13).

Patients with large gel implants, particularly if they have
been inserted in the subglandular plane, will have a major
cosmetic deformity if their implants are not replaced or if
they elect to forego further reconstructive surgery. Figure 14
(bottom) shows a poor cosmetic result in a 29-year-old
woman one year after the explantation (without capsulec-
tomy) of 560 cm3 gel implants, which had been inserted
seven years earlier. This patient may have had a better cos-
metic result if she had chosen implant replacement and/or
mastopexy.

The issue of safety among the estimated 1.5 million
women with gel-filled breast implants has become more than
‘a woman’s issue’. It is one that affects partners, families,
taxpayers and society. Very few surgical procedures are as-
sociated with the high incidence of potential local complica-
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Figure 11) Top A 42-year-old woman with bilateral class IV capsular

contractures six years after bilateral 180 cm3 subglandular implants.

Bottom Appearance one year after explantation and total capsulec-

tomy, with no implant replacement

Figure 12) Top A 35-year-old woman with a class I result seven years

after the submuscular insertion of 220 cm3 gel implants. Bottom One

year after explantation and capsulectomy (at the patient’s request), she

had an acceptable cosmetic result without implant replacement

Figure 13) Top A 39-year-old woman with Baker class IV capsular con-

tractures 14 years after the insertion of subglandular 190 cm3 second-

generation gel implants. Bottom Acceptable result one year after ex-

plantation of ruptured implants, total removal of calcified capsules and

insertion of 330 cm3 submuscular saline implants
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tions that are inherent after the insertion of gel implants. In
many cases, women have indicated that they were not in-
formed of known complications before receiving their im-
plants. Currently, every woman contemplating explantation
of her gel implants must be fully informed about her implant
status and the possible treatment options.
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Figure 14) Top Class IV capsular contractures in a 29-year-old woman

seven years after subglandular insertion of 560 cm3 gel implants.

Bottom Result one year after explantation without capsulectomy. This

patient may have had a better cosmetic result if she had chosen implant

replacement or mastopexy
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