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BACKGROUND. The silicone gel breast implant has long been an important method
of reconstruction for the mastectomy patient. Because of concerns about possible
health implications of the implant, the Food and Drug Administration banned its
use for augmentation mammaplasty and limited its use in the mastectomy patient
to a research protocol study. This article reviews the recent literature about the
possible health hazards of the silicone implant.

METHODS. In this review of the literature, specific attention was directed toward
structural failure of the device as well as the diagnosis of rupture, tissue response
to silicone, systemic immunologic response to silicone, the relationship of silicone
to connective tissue diseases, and the association of the silicone implant with
breast carcinoma in both the augmentation mammaplasty patient and the patient
undergoing postmastectomy reconstruction. A total of 88 works were reviewed.
RESULTS. The literature fails to support an association between silicone gel breast
implants and systemic diseases. Although implants may cause local symptoms,
rupture over time, or be associated with an immunologic reaction, comprehensive
epidemiologic studies have concluded that there is no connection between breast
implants and the known connective tissue diseases or between the implants and
breast carcinoma. There is no increase in the risk of recurrence in mastectomy
patients reconstructed with implants and no delay in the detection of recurrences.
Recent laboratory studies in animals suggest that silicone may have anticarcino-
genic effects. -
CONCLUSIONS. silicone gel breast implants may rupture and cause local symptoms,
but they have not been demonstrated to be a systemic health hazard for patients
who have undergone augmentation mammaplasty or postmastectomy reconstrue-
tion. Cancer 1997;79:1747-56. © 1997 American Cancer Society.

KEYWORDS: breast, silicone, breast implants, breast reconstruction.

Ithough developed initially in 1962 for the purpose of breast en-

largement, the silicone gel breast implant evolved to become a
principal method for reconstruction after mastectomy. With improve-
ment in reconstructive surgical techniques in the 1970s, the use of
the breast implant for the mastectomy patient became an accepted
practice, at first for delayed reconstruction and then for reconstruc-
tion at the time of mastectomy. The physical and psychologic benefits
of the breast implant to the mastectomy patient have been well docu-
mented."” Although autogenous reconstructive techniques steadily
improved during the 1980s and early 1990s, varieties of the breast
implants remain a basic method of mastectomy reconstruction. The
exact number of breast implant recipients is not known, with esti-
mates ranging between 1 million and 2 million women, and it is
generally accepted that approximately 20% have been used for mas-
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tectomy reconstruction. Therefore, any potential sys-
temic health effects of the implant would be of distinct
interest to the mastectomy population. This article will
review the evolution of concerns regarding the silicone
implant, and will evaluate the current status of poten-
tial health hazards.

Federal Regulation of Silicone Implants

Originally used for lubrication, silicone, from a family
of chemically related organo-silicon compounds, was
first synthesized in 1938. It is derived from quartz rock
(silica or SIO,). When SIO. is heated in the presence of
carbon, it produces elemental silicone. When methyl
chloride is added, the resulting product is hydrolyzed
to form low molecular weight polymers, which are
linked to form linear silicone polymers and cross-
linked to yield silicone rubbers or elastomers.” De-
pending on the degree of and speed of vulcanization
of the polymer, it may exist in any state from a fluid
to a solid. The compound polydimethylsiloxane is the
silicone most widely used in medical implants and is
the base material for silicone rubbers and the silicone
gels used in breast implants.

A number of anecdotal reports regarding possible
systemic symptoms related to patients who had sili-
cone breast implants led to a reclassification of the
implant by the Food and Drug Administration (FDA)
in 1988. This reclassification, and the demand by the
FDA that manufacturers obtain premarket approval of
the implant before universal public consumption was
allowed, led to a major controversy surrounding the
implant in 1990-1991. The result of this controversy
was a ban of the silicone gel implant for augmentation
mammaplasty, and a restriction of the implant for
mastectomy reconstruction patients to a research pro-
tocol, termed the Silicone Gel Adjunct Study. Also
known as the Phase Il Study, this study was authorized
by the FDA in July 1992. The Mentor H/S Corporation
(Santa Barbara, CA) was authorized to develop the
study, which allows for implantation of gel-filled
breast implants for reconstructive indications other
than augmentation mammaplasty. Mastectomy pa-
tients who are included must be judged not suitable
for saline-filled implants. The candidate for the Ad-
junct Study must be willing to sign the informed con-
sent document, agree to complete all required 1-, 3-,
and 5-year follow-up visits, and agree to conditions of
the implant registry. The participating physician must
obtain Institutional Review Board approval. Data from
the study are currently being reviewed by the FDA.

Evaluation of Possible Health Hazards
A number of issues have been raised regarding possi-
ble adverse health implications of silicone gel implants

by scientists, consumer groups, regulating agencies,
the legal community, the media, and patient support
groups. These center largely around harmful effects
of implant rupture, the response of human tissue to
silicone gel, a possible immune response stimulated
by silicone, the development of connective tissue dis-
eases in patients with implants, and the relationship
of implants to breast carcinoma. These issues will be
evaluated in subsequent sections of this article.

Implant Device Failure

Failures of reconstruction with the silicone implant
may result from a variety of sources, including infec-
tion of the prosthesis, wound dehiscence and exposure
of the implant, recurrent periprosthetic capsule for-
mation (with its associated symptoms of pain, pres-
sure, or chronic discomfort), an unsatisfying cosmetic
result, or simply the request of a patient for removal
of the implant. These events may or may not be associ-
ated with failure of the silicone device to maintain its
integrity.

Escape of the silicone polymer, either by “bleed-
ing” from the surface of the implant or by true rupture,
has long been recognized, and measurement of the
element silicon in the capsule surrounding the implant
showed higher concentrations nearer the implant,
with decreasing concentrations of silicon further into
the capsule.” When elemental silicon levels in the
blood are measured using atomic absorption spec-
trometry, whole blood levels in patients with silicone
implants were significantly higher than those of con-
trols.”

The silicone polymer has been found in multiple
anatomic areas after leakage from breast implants, in-
cluding transcutaneous extravasation,” occurrence in
the pleural space,” chest wall muscles, axillae and up-
per extremity,” discharge from both nipples via intra-
ductal spread,” brachial plexus extravasation and ex-
tracapsular siliconomas,'” and other anatomic loca-
tions such as lymph nodes.

The actual incidence of silicone device bleed or
rupture is not known, because the recent reports de-
scribe rupture rates in selected populations of patients
who have had implants removed. The true incidence
remains unknown because the cohort without explan-
tation is not included. However, a number of reports
document an incidence of implant rupture that corre-
lates directly with duration of implantation. For exam-
ple, Duffy and Woods'' followed patients for a median
of 49 months. There were 104 implant failures (15%)
in 65 patients. With longer periods of follow-up, the
incidence of implant rupture increases, with some re-
ports of frequencies > 55% 10-15 years after implan-
tation.'*'* It appears that the frequency of rupture



begins to rise at the 12—13-year point."* When the rela-
tive strengths of the silicone implants were tested by
breaking force or by computer-controlled tensiometer,
significant correlations were determined between age
" of implantation and loss of strength in the shell of the
implant.'®'” Because of the relatively short life of the
integrity of the implant in women with a normal life
span, especially the young woman undergoing aug-
mentation mammaplasty, it is incumbent on the sur-
geon to emphasize the probability of device failure in
preoperative discussions. Young women need to be
prepared for the eventuality of replacement surgery.
Clinical preoperative evaluation of device failure
includes an observation of the change in the size,
shape, or consistency of the implant or detection of
palpable abnormalities. However, noninvasive im-
aging modalities are becoming more accurate in the
diagnosis of implant rupture and of extracapsular ex-
travasation of silicone. Mammography can be used to
detect calcific or fibrous capsular contracture, contour
changes, slippage of the implant, or free globules of
silicone within the breast or axillary lymph nodes.'*"
[rregularities of the implant contour or encapsulated
implant ruptures are not well diagnosed by mammaog-
raphy, and the use of ultrasonography or magnetic
resonance imaging (MRI) is most helpful. Although
computed tomography is highly sensitive and specific,
comparable to results with MRI, it is not used clinically
because of the need for ionizing radiation.”® Studies
evaluating ultrasonography alone conclude that it is a
very useful tool for diagnosing rupture.”** Chung et
al. studied 198 patients by ultrasonography prior to
explantation, demonstrating a sensitivity for implant
rupture of 74% and a specificity of 89%.* Studies of
MRI alone demonstrate this modality to be a sensitive
and specific technique in diagnosing loss of breast
implant integrity. Sensitivities as high as 76%, with a
specificity of 97%, have been reported.” * Compari-
son of modalities demonstrate that MRI is more sensi-
tive and specific than ultrasound if either is used
alone, that there does not appear to be an added bene-
fit to using ultrasound and MRI together, that mam-
mography and ultrasound used together are a good
screening tool for implant integrity, and the more ex-
pensive use of MRI is best reserved for when a diagno-
sis cannot be made with mammography and ultra-
sound as a screening modality.**"** Samuels et al.*
completed a meta-analysis comparing the accuracy of
various currently available modalities and described
an algorithm that provides a guide to clinicians in the
detection of breast implant rupture. They indicated
that mammography, supplemented by ultrasonogra-
phy, constitutes the most cost-effective initial study,
followed by MRI if these are equivocal. The meta-anal-
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ysis agreed that MRI is the most sensitive and specific
study with which to evaluate breast implant rupture.*

Tissue Response to Silicone

Exposure of human tissue to any foreign body evokes
an inflammatory process. With or without evidence of
implant rupture or silicone gel bleed (considered by
many to be a form of rupture), the tissues surrounding
a silicone breast implant typically produce an inflam-
matory response. It is the degree of this response that
may lead to local symptoms and objective physical find-
ings. The cellular inflammatory response, including the
production of macrophages, leads to the development
of fibrosis around the implant. This fibrotic lining, or
capsule, may elicit a contractile process similar to that
observed in smooth muscle. The scar contracture that
results from this process varies in degree from mild to
severe and can produce firmness or hardness around
the implant. The scar capsule contracture is a well
known result of all foreign bodies and has been well
recognized as the most common local adverse affect of
the silicone implant. Contractures of the more severe
form (Grades 3 and 4 of Baker) are frequently accompa-
nied by local symptoms of pressure sensation and occa-
sionally pain, in addition to the obvious aesthetic con-
cerns that are produced and the frequent displacement
of the implant by the contracting tissue. Contractures of
long-standing duration frequently become calcified, in
the presence or absence of rupture, leading to even more
severe local symptoms. No specific etiology of the devel-
opment of contracture has ever been firmly established.

Possible explanations for why contracture occurs
in some patients and not in others include individual
variations in reactions to silicone, perhaps based on
genetic factors,” or the occurrence of subclinical in-
fections. Treatment has involved removal of the scar
tissue and replacement of the implant or reconstruc-
tion by autologous techniques. Other local responses
to silicone gel breast implants have included the devel-
opment of silicone granulomas outside the area of im-
plantation, and involvement of regional lymph nodes
with silicone. Such responses usually have resulted
after rupture of the implants and extracapsular spread
of the silicone.

Early reports that silicone is biologically inert in
human tissue recently have been challenged. Because
liquid silicone injected into laboratory animals elicited
only a mild inflammatory response that was not dose-
dependent, it was initially believed that silicone was a
relatively inert substance.”®*' This mild inflammatory
response did not appear consistent with the clinical
findings around gel-filled implants. Recently, it was
shown that the intensity of the cellular and capsular
response was lowest for silicone oil and increased as
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the material's molecular weight increased and its com-
pliance decreased.* It is now apparent that the poly-
mer’s molecular weight influences its migration, en-
capsulation, and intensity of cellular response.

Immune Response to Silicone
Symptoms similar to those observed with connective
tissue disease have been reported by some patients
with breast implants, especially since the FDA review
became public in 1991. Such symptoms led investiga-
tors to consider an immunologic basis for a disease
state related to silicone. As a long chain polymer with
hydrophobic characteristics, electrostatic charges, and
organic side groups, silicone is in theory a potentially
ideal immunogen. A recent review article with 55 refer-
ences of both in vivo and in vitro studies, case reports,
and population studies resulted in the following con-
clusions: silicone is immunogenic; silicone is biode-
gradable and transported by way of the reticuloendo-
thelial system to distant locations; silicone breast im-
plants “leak” and in turn silicone migrates outside
the breast tissues; case reports and population studies
describe an autoimmune reaction and immunologic
dysfunction in some patients with silicone breast im-
plants; and improvement of vague symptoms not cor-
related with known connective tissue diseases has
been reported after removal of the implants.”
Laboratory studies concluding that silicone was
capable of eliciting a specific immune response®*°
preceded the first clinical demonstration of an appar-
ent specific antibody produced in response to silicone
in two children with ventriculoperitoneal shunts made
of silicone tubing.®*” This report stimulated a search
for a relationship between autoantibodies and silicone
gel implants. However, in a later study of 200 patients
with breast implants compared with 100 controls, the
prevalence of a positive antinuclear antibody (ANA) in
the implant population was 26.5% compared with 28%
for controls. Only 17.2% of the 29 patients with implant
ruptures were ANA positive. ANA positive patients
were tested to analyze titres of multiple autoantibod-
ies, with the conclusion that there was no evidence
that silicone gel implants were related to increased
autoantibodies.*® However, other investigators found
that antibodies to silicone surface-associated antigens
are elevated in symptomatic patients with breast im-
plants and that the antibodies are associated with
symptoms.*” When the ANA was studied in a case se-
ries of breast implant patients compared with historic
normal controls, a six-fold increase in the relative risk
of a positive test was observed. This increased ten-
dency was partially a function of duration of implant
exposure and was not patient age-related.’ A recent
study failed to find a difference in antisilicone antibod-

ies in test patients with silicone tissue expanders when
compared with controls, calling into question the exis-
tence of specific antibodies to the silicone shell of an
expander.'' To date, no clinically applicable antibody
test specific to silicone itself has been developed.

Although the question is still open whether sili-
cone alone elicits a specific immune response, the
possibility exists that silicone gel can act as an adju-
vant, and thereby induce autoimmunity. By compari-
son, silicone gel has been found to be a more potent
immunologic adjuvant than Freund’s complete or in-
complete adjuvant.*” The adjuvant effect of silicone
was examined by analyzing the frequency of autoanti-
bodies to Type I and II collagen in patients with breast
implants.” Seventy women with implants and without
a specific autoimmune disease were studied, with the
result that sera from the women reacted with multiple
peptides of Type I collagen but reacted weakly against
Type 11 collagen, suggesting that silicone can act as an
adjuvant to enhance the immunogenicity of Type I
collagen.®

In a review article on the potential relationship
between breast implants and autoimmune connective
tissue disease, Peters suggested possible mechanisms
for an immunologic response.* These include 1) sili-
cone from the gel or the shell of a saline implant may
act as hapten-like substance that combines with other
molecules to form an antigenic complex; 2) silicone
ingested by macrophages may be converted to silica,
thereby activating the macrophage to produce cyto-
kines that are capable of producing fibrosis; and 3)
silica itself may be released from the implants, directly
stimulating macrophage activity.

Silicone and Connective Tissue Diseases

The question of whether silicone breast implants are
associated with or cause connective tissue diseases has
been the subject of increased scrutiny in recent years
and isolated case reports have finally been supplanted
by epidemiologic studies. Scleroderma (systemic scle-
rosis) is the rheumatic disease most frequently re-
ported to occur in conjunction with paraffin or silicone
injection, or silicone breast implants.*** However,
these isolated case reports, which increased in fre-
quency since the publicity in 1991, have not been
viewed in the context of epidemiologic studies and fail
to take a placebo effect into account. It was not until
1992 that case—control studies evaluating the associa-
tion of augmentation mammaplasty with scleroderma
were performed. Wigley et al., studying 741 patients
with scleroderma, found 7 who had undergone aug-
mentation mammaplasty, concluding that the inci-
dence of augmentation mammaplasty prior to sclero-
derma was 0.66%. This did not differ significantly from



the incidence of augmentation mammaplasty in the
adult female population, estimated at 0.65%-2%."
Hochberg studied 869 women with scleroderma
matched with 2061 controls. Augmentation mamma-
" plasty was reported in 1.4% of the cases who subse-
quently developed scleroderma, compared with 1.1%
of the controls. The odds ratio for association of aug-
mentation mammaplasty with systemic sclerosis was
1.25, leading to a conclusion that there was no signifi-
cant causal association between the two.”” Hochberg
and Perlmutter further published a meta-analysis of
the silicone-augmentation issue, reviewing 28 refer-
ences, and coming to the conclusion that there is no
evidence of a significant association between augmen-
tation mammaplasty and the development of a defi-
nite connective tissue disease, including systemic scle-
rosis.”! No conclusions could be drawn in the analysis
regarding the association of rupture or leakage of the
implants with subsequent connective tissue disease,
because adequate data were not available.

Connective tissue diseases other than scleroderma
that have been reported to be possibly associated with
breast implants include fibromyalgia, rheumatoid ar-
thritis, systemic lupus erythematosus, and Sjogren’s
syndrome.*”~*" Most reports come to a general conclu-
sion that no cause and effect relationship could be
established. It remained for the large epidemiologic
study by Gabriel et al. in 1994 to place strong credence
on the conclusion that no association between breast
implants and the known connective tissue diseases
can be made. This study, a population retrospective
review, examined the risk of a variety of connective
tissue diseases after breast implantation. Two controls
of the same age were matched with all women who
received breast implants in Homestead County, Min-
nesota between 1964 and 1991. Seven hundred forty-
nine women with breast implants were matched with
1498 community controls. After a mean of 7.8 years,
only 5 cases, compared with 10 controls, had a speci-
fied connective tissue disease diagnosed (relative risk,
1.06).%° This well done epidemiologic study confirms
the lack of association between silicone implants and
the known connective tissue diseases.

In a review article, Sanchez-Guerrero et al. found
little or no association between silicone breast im-
plants and any connective tissue disease or to a unique
arthralgia/myalgia/fibromyalgia syndrome.*® The au-
thors agreed that silicone elicits a local inflammatory
response and reported that any association between
silicone breast implants and connective tissue disease
should remain speculative. A meta-analysis by Perkins
et al. reviewed more than 2600 articles, abstracts, and
dissertations, including 13 epidemiologic studies. The
analysis summarized a relative risk of 0.76 for connec-
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tive tissue disease in general and 0.98 for scleroderma,
in patients with breast implants.”” Irrespective of
which studies were aggregated in the meta-analysis,
there was no significant increased risk for sclero-
derma, rheumatoid arthritis, or connective tissue dis-
eases in general in breast implant patients. Sanchez-
Guerrero et al. analyzed data from 14 years of follow-
up from the Nurses Health Study cohort. Women who
were free from connective tissue disease in June 1976
were followed through May 1990, before the wide-
spread media coverage of the possible association.
Among 87,501 women who were eligible for follow-
up, 516 were confirmed as having definite connective
tissue diseases and 1183 as having breast implants.
The age-adjusted relative risk of a definite connective
tissue disease among women with any type of implant
was 0.6 compared with women without implants. The
relative risk of self-reported signs or symptoms of con-
nective tissue disease for women with implants was
1.5. The conclusion of this large cohort study was that
no association between silicone breast implants and
connective tissue diseases could be made.”

A comprehensive literature search of 15 epidemio-
logic studies on breast implants and connective tissue
disease was reported by Silverman et al.”® The results
of these studies, especially those reported in case-
control studies, were strikingly consistent. Meta-anal-
yses of rheumatoid arthritis, systemic sclerosis, and
systemic lupus erythematosus were performed from a
combined database of approximately 4000 cases. The
relative risks in implant patients were 0.85 for rheuma-
toid arthritis, 0.62 for systemic sclerosis, and 0.35 for
systemic lupus erythematosus, indicating that there
was no increased risk of connective tissue diseases
associated with breast implants.

A retrospective cohort study of 399,543 female
health professionals who participated in the Women'’s
Health Study was reported by Hennelkens et al.®* A
total of 10,830 women reported breast implants and
11,805 reported connective tissue diseases during the
study. The relative risk of connective tissue disease
among reported breast implant recipients was 1.24.
These data were self-reported and are compatible with
prior reports from other cohort studies that exclude
a large hazard of connective tissue disease in breast
implants.

Although the above epidemiologic studies support
no association between silicone breast implants and
the known connective tissue diseases, clinical series
of patients with breast implants and symptoms mim-
icking connective tissue diseases continue to be re-
ported.>®'~% These articles have a common theme of
large series of patients with silicone implants reporting
symptomatic complaints similar to those observed
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with connective tissue diseases. Such symptoms may
represent an undifferentiated connective tissue dis-
ease, and therefore would not be studied in the above
epidemiologic reviews, or possibly could represent an
as yet undiagnosed syndrome, referred to variably as
“siliconosis,” “‘silicone reactive disorder,” or “silicone
implant associated syndrome.” This unique arthral-
gia/myalgia/fibromyalgia-type syndrome, given the
vague, subjective nature of the symptoms, is difficult
to study. To date, there is no association that has been
epidemiologically proven between those symptoms
and the silicone breast implant. In addition, there is
no cause and effect relationship between silicone im-
plants and neurologic diseases.”” In conclusion, the
clinical, immunologic, and epidemiologic evidence to
date suggest little or no association between silicone
breast implants and connective tissue diseases. A con-
sistent pattern of immune response has also not been
identified.

Silicone and Breast Carcinoma

Several questions have been raised regarding the rela-
tionship of the silicone implant with breast carcinoma,
including: 1) does the silicone implant increase the
risk of breast carcinoma in the augmentation mamma-
plasty patient?; 2) are carcinomas that arise in aug-
mentation patients diagnosed at a later stage than
those in nonaugmented patients?; 3) does a silicone
implant increase the recurrence rates of patients who
have reconstruction, or inhibit the detection of recur-
rences?; and 4) is there, theoretically, a protective
mechanism against the development of breast carci-
noma produced by the immunologic response to a
silicone implant?

Isolated case reports of breast carcinoma among
women with silicone gel implants are an unreliable
source of determining the incidence. In addition, sur-
veys of plastic surgeons, although interesting, are lim-
ited by the fact that they did not compare carcinoma
incidence among women who did not receive silicone
breast implants and who were treated by the same
surgeons. These surveys found no evidence that
women with breast implants are at any increased risk
of breast carcinoma.®*® Two case-control studies of
breast carcinoma in the state of Washington in which
information on the use of breast implants for augmen-
tation was obtained showed no increase in the risk of
breast carcinoma for women aged 21-24 years (rela-
tive risk, 0.8) or for women aged 50-64 years (relative
risk, 0.2).° However, the best available epidemiologic
studies on this issue are cohort studies evaluating such
a risk. Deapen et al. have retrospectively studied more
than 3000 patients in Los Angeles County who under-
went augmentation mammaplasty. They compared

the incidence of breast carcinomas in those patients to
an expected incidence (based on Los Angeles County
incidence rates), with the conclusion that there was
no increase in breast carcinoma after augmentation
mammaplasty.®”™ They also noted an earlier diagnosis
of carcinoma in the patients who had implants. In
a population-based cohort study in Alberta, Canada,
Berkel et al. followed 11,676 augmentation mamma-
plasty patients who underwent surgery between 1973
and 1986. This group was compared with all women
in Alberta with breast carcinoma (n = 13,557) in the
same time frame. Forty-one patients with implants
were subsequently found to have breast carcinoma,
compared with an expected 86.2 cases with an average
follow-up of 10.2 years. They concluded that there was
a lower risk of breast carcinoma in these women than
in the general population, and suggested that women
who have augmentation mammaplasty are probably
drawn from a population already at low risk.”" These
data were reviewed by Bryant and Brasher in 1995,
resolving some problems that had been later identified
with the study methods.” This reanalysis resulted in
a higher standardized incidence ratio than in the origi-
nal analysis, leading to the conclusion that the inci-
dence of breast carcinoma could not be said to be
either significantly higher or lower than among the
general population. A population-based case control
study of breast carcinoma that included 2174 cases
and 2009 population controls younger than 55 years
demonstrated prior breast implants in 36 cases versus
44 in a community control group.” The relative risk
of breast carcinoma associated with a prior implant
was (.6. This reduced risk persisted with an increasing
interval since surgery. This study confirmed the other
record linkage studies that concluded that there was
not an elevation in breast carcinoma risk after a breast
implant.

Several studies evaluated the potential delay in
the early detection of breast carcinoma because of a
mammary implant or capsular interference with mam-
mography. Two studies demonstrated that mammog-
raphy can detect occult breast carcinomas in women
with breast implants, but they provided no estimates
of the proportion of breast carcinoma that might have
been missed due to the presence of implants. Destouet
et al. analyzed the screening mammagrams of 350 con-
secutive women with breast implants. After biopsy,
breast carcinoma was diagnosed in three women who
had parenchymal abnormalities.'”” Mitnick et al. stud-
ied 75 patients with breast implants with routine
screening mammography and found 2 patients with
microcalcifications that were confirmed to be intra-
ductal carcinomas on biopsy.™ The extent to which
parenchyma is obscured by an implant varies among



patients and the technique used. Leibman and Kruse
reviewed the mammagrams, sonograms, and clinical
history of 25 women with breast implants and carci-
noma.” One or the other imaging techniques was pos-
itive in 22 of 25 patients. The authors indicated that
modified position views are essential in augmented
breasts and sonography should be used to image pal-
pable masses even when mammograms are normal.
In a series of 35 patients treated for 37 breast carcino-
mas after augmentation mammaplasty at the M. D.
Anderson Cancer Center, abnormalities were observed
in 54.8% of 31 patients who had mammography before
biopsy. However, palpable lesions were visualized in
only 38.7% of patients. The pathologic staging of the
tumor indicated that clinical detection of carcinoma
was not delayed by the implants.” Cahan et al. con-
firmed that prepalpable and preinvasive breast carci-
noma can be detected in the augmentation mamma-
plasty patient by mammography and that the stage of
presentation in this group is not significantly different
than in nonaugmented patients.”” Although these
studies show that carcinoma can be detected in the
augmented patient, epidemiologic studies have not
been performed to determine whether they are as eas-
ily detected as in the nonaugmented patient. There-
fore, the search continues for the ideal implant mate-
rial that would be radiolucent on mammography. Sili-
cone shells filled with peanut oil, sunflower oil, and
soybean oil allow the best visualization.”™

Recent studies have reassured patients, oncologic
surgeons, and reconstructive surgeons that use of the
silicone implant at the time of mastectomy or in de-
layed reconstruction does not affect the incidence, de-
tection, or management of breast carcinoma recur-
rence. Noone et al. reviewed 306 patients recon-
structed immediately after mastectomy, finding a
19.6% overall recurrence rate and a 5.2% local recur-
rence rate during a mean follow-up of 6.4 years. Stage
of disease comparisons with literature recurrence data
showed no difference in the rate of recurrences. In
addition, the detection and treatment of recurrences
were not inhibited by the implants.?” Wang et al. per-
formed a retrospective case-control study, matching
172 consecutive mastectomy reconstruction patients
against nonreconstructed mastectomy patients in the
same institution, finding no statistical difference in the
10-year disease free survival rates for the recon-
structed versus control group, and showing no differ-
ence in the disease free survival at 5 years between
patients reconstructed with implants versus autoge-
nous flap reconstruction.”

Some recent experimental reports support a possi-
ble protective mechanism against the development of
breast carcinoma by a silicone implant. A decreased
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incidence of breast carcinoma development in rats
who had received silicone implants before carcinogen
stimulation was reported by Dreyfuss et al.** Addi-
tional work in the same laboratory showed that ani-
mals with silicone implants beneath the mammary
gland had a statistically significant lower incidence of
breast carcinoma formation (11.5%) compared with
dorsally implanted animals (45.8%) and sham controls
(64%). In carcinogen-stimulated mice, the carcinoma
incidence with silicone implants was 17% compared
with 50% in sham controls when the animals were
sacrificed at 50 weeks.*> A possible explanation for this
anticarcinogen affect may be the cytotoxicity of the
macrophage stimulated by silicone, as presented from
the authors’ laboratory by Sigal et al.* They demon-
strated that murine macrophages were activated by
silicone, producing more superoxide than controls.
The cytocidal metabolite nitric oxide produced by the
macrophage may offer one explanation, although it is
possible that toxic cytokine production, such as the
antitumor interleukin-6 (IL-6) may also play a role.
Expansion of these studies demonstrated increased
levels of IL-6 and a suppression of colon carcinoma
in rats injected with silicone compared with controls.*

Because any foreign material placed in a labora-
tory animal may lead to sarcoma, representing the so-
called “Oppenheimer effect,” concerns have been ex-
pressed regarding the possible development of sarco-
mas in humans implanted with silicone.”® To date,
there have been no documented reports of any sar-
coma in studies of women who used silicone gel breast
implants. The study by Engel and Lamm confirmed
this lack of association.”

The literature to date, including case reports, case
series, physician surveys, case—control studies, and
cohort studies failed to produce evidence associating
the use of silicone breast implants with either an in-
creased risk of breast carcinoma, an increased risk of
more advanced carcinoma at the time of diagnosis, an
increase in the rate of recurrence after reconstruction
after mastectomy, or a decreased ability to detect and
treat such recurrences. In addition, recent laboratory
studies support a hypothesis that the silicone implant
may in some way produce tumoricidal effects or some
other mechanism of tumor suppression in laboratory
animals.”

SUMMARY
This article reviewed the available pertinent literature
evaluating the health implications of the silicone gel
breast implant, a device that has been a mainstay of
reconstruction for the mastectomy patient.

Local effects of the silicone implant such as dis-
comfort, possible infection and extrusion, and scar
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capsule contracture have long been recognized and
have been mentioned briefly in this review. Eventual
failure of the implant device by rupture of the shell or
leaking of the silicone is correlated with duration of
implantation, with the majority of explanted implants
demonstrating rupture, usually between 10 and 15
years after implantation. Diagnosis of implant rupture
is made by clinical examination and by imaging stud-
ies, including mammography, ultrasonography, and
MRI. MRI is the most sensitive and specific imaging
modality. However, the combination of mammogra-
phy and ultrasonography can be recommended as ini-
tial imaging techniques.

Basic science as well as clinical information sug-
gest a possible link between silicone implants and sys-
temic immunologic reactions. Anecdotal case reports
and case series report connective tissue diseases in
patients with implants. However, recent large epide-
miologic studies fail to support an association between
silicone breast implants and the known connective
tissue diseases.

There is no association between silicone breast
implants and the subsequent development of breast
carcinoma. When proper mammographic imaging is
used, the diagnosis and treatment of breast carcinoma
in augmentation patients is not delayed. In the mas-
tectomy reconstruction patient, the presence of a sili-
cone implant, placed either at the time of mastectomy
or at a later procedure, does not increase the incidence
of local recurrence or inhibit the detection or treat-
ment of a local recurrence or systemic disease. Recent
laboratory research suggests a protective mechanism
of the silicone implant in carcinogen-treated animals.
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