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a b s t r a c t 

Introduction: Breast augmentation, a popular cosmetic surgery us- 

ing devices like silicone implants, can lead to a common issue 

called capsular contracture (CC). This condition involves the forma- 

tion of fibrous tissue around the implants and can be influenced 

by variables like immunological and bacterial factors. This study 

aimed to explore the impact of autoimmune diseases (ADs) on CC 

along with other factors influencing future clinical decisions. 

Methods: A systematic review of electronic databases was con- 

ducted using PubMed, Web of Science, Scopus, EMBASE, and in- 

volving adult patients ( > 18) with CC and ADs after breast surgery 

using MeSH terminology using a broad search strategy. All searches 

were performed and analyzed according to Preferred Reporting 

Items for Systematic Reviews and Meta-Analyses guidelines, and 

duplicates were removed with Rayyan. Two independent investi- 
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gators extracted and assessed the data involving demographics and 

baseline data related to CC and AD. 

Results: The incidence of CC varied (2.3%-4.1%). Subglandular place- 

ment and older device age raised risk. SERI Surgical Scaffold com- 

plications included necrosis, seroma, hematoma, implant loss, and 

infection; CC was associated with necrosis. Natrelle 410 implants 

showed lower 10-year CC risk than round gel implants. Acellu- 

lar dermal matrix implant-based breast reconstruction with radio- 

therapy (RT) correlated with 20.7% post-RT CC. Previous research 

demonstrated no significant connection between silicone gel im- 

plants and ADs. Biofilm, surgical site infection, implant features, 

and interventions emerged as frequent CC risk factors. 

Conclusion: Finding appropriate techniques to reduce the risk fac- 

tors associated with CC together with providing comprehensive 

patient counseling on these factors will definitely improve the 

patient-centered outcome of breast implant surgery. 

© 2024 The Authors. Published by Elsevier Ltd on behalf of British 

Association of Plastic, Reconstructive and Aesthetic Surgeons. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Breast augmentation is one of the most common cosmetic surgeries in the United States. Breast im-

lants are considered medical devices used to modify the shape and size of women’s breasts and con-

truct new breasts after removal of the breast (mastectomy), for aesthetic purposes (mammoplasty),

nd more. Breast implants have been made from various materials, including sponges, silicone, and

aline, and each implant type has advantages and disadvantages. 1 

Silicone breast implants are the most widely used and recognized substance for breast augmenta-

ion. 2 They have been used for over five decades in cosmetic and reconstructive breast surgeries. Over

 million women have received silicone breast implants worldwide, excluding unregistered implan-

ations, which might raise this figure considerably. 3 There are two common forms of silicone breast

mplants: a silicone outer shell with a silicone gel filling or a silicone outer shell with a different fill-

ng, such as saline. 2 Compared to saline breast implants, the prevailing belief is that the post-surgical

echanical behavior of silicone breast implants is more similar to normal breast tissue. 4 

The most common complication after breast augmentation surgery is capsular contracture (CC)

f breast implants, with a reported prevalence of 5–19% refers to breast augmentation surgery and

9–25% refers to breast reconstructions. 5 CC is a local problem caused by an overly fibrotic foreign

ody reaction to the implant. 2 There is no apparent reason why CC of breast implants occurs. 5 It is

ypothesized to be a chronic inflammatory reaction by innate immune cells, leading to fibrosis from

ollagen synthesis that causes pain and excessive firmness. 2 , 3 

Physiologically, almost all patients develop a capsule surrounding the breast implants as part of the

ody’s normal reaction to foreign materials. However, some patients may develop an abnormally thick

brous capsule associated with pain, contracture, and distortion of the breast. 5 Other risk factors, such

s immunological and bacterial factors, play a significant role in developing CC. 

The Baker classification system is used to classify CC based on the patient’s clinical findings. This

ystem has four classes; class I defines a breast that looks and feels completely natural. In contrast,

lass II describes a breast with minor contracture in which the surgeon can discern that surgery was

erformed, but the patient is asymptomatic. Classes I and II are not clinically significant. Classes III

nd IV are clinically significant and symptomatic, with class III indicating mild contracture with some

ardness felt by the patient, and class IV describes a severe, visible contracture with symptoms. 6 
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Table 1 

Detailed search strategy for PubMed, SCOPUS, and Web of Science. 

Database Search string Records 

identified ( n ) 

Filters 

PubMed ((autoimmune disease) OR (capsular contracture)) AND (breast 

implant or tissue expander) 

222 2013–2023 

Scopus (ALL (autoimmune AND disease) AND ALL (capsular AND 

contraction) OR ALL (capsular AND contracture) AND ALL (breast 

AND implant) OR ALL (tissue AND expander)) AND PUBYEAR > 

2012 AND PUBYEAR < 2024 

105 2013–2023 

Web of science autoimmune diseases (All Fields) and capsular contracture (All 

Fields) and breast implant (All Fields) 

25 –

EMBASE ((’implant capsular contracture’/exp OR ’implant capsular 

contracture’) AND breast AND implant OR (tissue AND expander)) 

AND autoimmune AND disease 

15 –
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Some relations between breast implants and autoimmune diseases (ADs) have been described. For

xample, the autoimmune/inflammatory syndrome induced by adjuvants (ASIA), also known as Shoen-

eld’s syndrome, encompasses several autoimmune conditions/phenomena triggered by exposure to

aterials with adjuvant activity known to augment an antigen-driven immune response. In some in-

erently vulnerable patients, they act as second hits to trigger or unmask an AD, which ranges from

eneralized non-specific constitutional symptoms and autoantibody production to a new onset of a

ully-fledged autoimmune syndrome. 7 

Currently, little is known about the opposite relationship: how ADs influence the function of breast

mplants. ADs are relatively common comorbidities in the female population. For example, in North

merica, systemic lupus erythematosus prevalence ranges from 48 to 366.6 per 10 0,0 0 0 individuals. 8

herefore, it is expected that ADs are most likely present in individuals with breast implants. Still,

heir exact effect on complications such as CC has yet to be studied. 

Hence, our systematic review aimed to evaluate the correlation between ADs and the probability

f developing CC following breast implant surgery and present an in-depth review of the associated

isk factors. 

ethodology 

esearch aim and search strategy 

This systematic review were performed according to the Preferred Reporting Items for Systematic

eviews and Meta-Analyses (PRISMA) guidelines as shown in the flow diagram in Figure 1 . The study

as registered on PROSPERO as CRD42022373188. The literature search was carried out according to

 predetermined protocol, and the following criteria were used to screen the studies- 

• P (Population): Adult ( > 18 years) who have had breast implantation 

• I (Intervention): Breast implantation surgery 

• C (Comparison): Included population who did not have CC 

• (Outcomes): Included population who had CC 

Search equations were carefully designed including relevant MeSH terms, and thorough searches

ere performed on 4 different databases – PubMed, SCOPUS, EMBASE, and World of Science ( Table 1 ).

rticles from the search results were uploaded to Rayyan, and a thorough search for duplicates was

erformed. All the articles > 80% similar to other articles were deleted after careful data evaluation. 

election criteria 

After detailed discussion among the authors, inclusion and exclusion criteria were established for

ata extraction ( Table 2 ). Included were Studies focused on patients > 18 years of age, Original Studies,

bservational Studies, and Systematic Reviews and Meta-Analyses relevant to the research question.
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Figure 1. Schematic diagram of study selection (PRISMA). 
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ditorials, commentaries, and short communications were excluded. Articles that were not published

n English and those not relevant to the research question were also excluded. 

ata extraction and management 

A standard template based on the Cochrane Consumers and Communication Review group’s ex-

raction template was followed for extraction of data from the articles for quality assessment and

vidence synthesis. The information extracted included- authors, database, journal, date of publica-
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Table 2 

Inclusion and exclusion criteria for study selection. 

Inclusion Exclusion 

Population Adults ( > 18 years) who have had breast implantation A. Animal studies 

B. Studies not published in English 

C. Not relevant to the study 

E. Low screening score 

F. Non-blinded study 

Intervention Breast Implant Surgery 

Comparators Included population who did not have capsular 

contraction 

Study designs Original Studies, Observational Studies, Systematic 

Reviews and Meta-Analysis, Case series 

Editorials, short communications, 

commentaries 
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ion, type of article, DOI, original title, full article abstract, applied methodology, and results. Retrieved

ecords were screened for abstract, title, or both, and the full text of potentially relevant articles were

nvestigated and classified as included or excluded studies. Four authors extracted the relevant data,

nd any discrepancies were discussed and resolved as needed. 

nalysis and synthesis of the data 

The findings of the included studies were integrated and presented in a cohesive and narrative

anner. Data regarding the type and duration of the implant were gathered to examine the occur-

ence of CC. Furthermore, a comparison was made among the studies in terms of the severity of CC

nd ADs. This review enabled us to recognize the frequently observed symptoms, risk factors, pre-

erred imaging techniques, and complications associated with the condition. 

uality assessment 

For case reports and case series, the CARE guidelines (for CAse REports) tool was used. Other obser-

ational studies, such as case-control, cohort, or cross-sectional studies, were assessed using Strength-

ning the Reporting of Observational Studies for Epidemiology (STROBE) guidelines. The PRISMA

hecklist was used to evaluate the studies, whereas JADAD guidelines were used for randomized con-

rolled trials. Finally, ethical and bias criteria were assessed for all studies to provide relevant infor-

ation to answer the research question. 

valuation of the studies 

The selection of studies was performed using abstract screening and then reading the entirety of

elected papers. Data such as basic demographics, presenting symptoms, incidence of CC, common

isk factors, and complications were recorded using Microsoft Office Excel. Assessment of quality was

erformed using a checklist corresponding to the appropriate study type. Articles with a score greater

han 70% were included for further analysis. 

esults 

The incidence of CC ranged from 2.3 to 4.1 percent. A study conducted by McGuire P et al showed

hat subglandular placement was the strongest risk factor for the development of CC (adjusted risk

atio [aRR]: 2.89; P < .0 0 01). Other risk factors included older device age, periareolar incision site

both P < .0 0 01), higher body mass index levels (aRR: 1.03; P = .0026), and absence of povidone-

odine pocket irrigation (aRR: 2.00; P = .0006). 9 

In a prospective cohort study, complications from using SERI Surgical Scaffold included tissue

ecrosis, seroma, hematoma, implant loss, CC, and breast infection. The only instance of CC was in

 patient with tissue necrosis requiring debridement and secondary closure. 10 
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At ten years, the risk of CC with the Natrelle 410 implant was lower than that reported with stan-

ard round gel implants. 11 In a prospective cohort of 2795 patients who received Natrelle 410 im-

lants, analyzed at two years, complication rates were low, with CC occurring in 3.3%; 31 patients

xperiencing CC had the implant removed. 11 

An observational study including 467 women with silicone breast implants (SBIs) analyzed at base-

ine and 398 women at follow-up found that 19% of women complained of CC. 12 

In a study from Maartje et al, two groups of patients with complaints due to silicone-containing

reast implants were compared. A cohort of 100 patients was analyzed for silicone breast implant-

elated complaints in 2014 in the Netherlands (‘Maastricht cohort’). 13 A cohort of 100 patients diag-

osed at Baylor College of Medicine, Houston, Texas, USA with ‘Adjuvant Breast disease’ due to SBIs

r silicone fluid injections between 1985 and 1992 was described in 1994 by Shoaib et al 14 

In the Maastricht cohort, local problems were frequently observed: CC ( n = 29), sweating and/or

eakage of the silicone implant ( n = 13), implant rupture ( n = 25), dislocation of the implant ( n = 3),

nd local tenderness ( n = 4). Furthermore, 70 patients had painful lymphadenopathy involving the

xillary regions, often with cervical and/or inguinal lymphadenopathy. 13 In the Baylor College of

edicine 1994 cohort, 76 patients suffered from local problems defined as CC, tenderness, soreness

r pain of the breasts, burning and swollen breasts, infections, numbness of the nipples, or discharge

rom the nipples. Fifty-eight patients had lymphadenopathy. 14 

A study from Anuradha et al that evaluated outcomes and complications in patients with single-

tage acellular dermal matrix implant-based immediate breast reconstruction with and without radio-

herapy (RT) showed that 20.7% had post-RT CCs. In the non-RT group, 7.25% had CCs. 15 

A retrospective cohort study by Edworthy et al recruited 1576 female participants who underwent

reast implantation from 1978 to 1986, including 1112 who received silicone gel-filled implants. The

tudy results did not support the theory that silicone gel-filled implants promote connective tissue

iseases (CTDs). 16 Similarly, an observational study and a systematic review performed by Kjøller et al

nd Balk et al in 2001 and 2016, respectively, found no association between silicone gel-filled implants

nd CTDs. 17 , 18 

Similar results were obtained in a systematic review by Englert et al in 2005 showing that there

as no correlation between exposure to augmentation mammoplasty and symptoms of different

TDs. 19 However, the exposed cohort had a higher incidence of axillary adenopathy and low titer

ntinuclear antibody detection. Breast CC and postoperative digital vasospasm were more prevalent in

omen with axillary adenopathy. 

A systematic review performed in 2020 by Enkhmaa et al showed that biofilm, surgical site in-

ections (SSIs), past CC, or fibrosis history, radiation therapy history, and implant features were also

requent risk factors for CC. Acellular dermal matrix, leukotriene (LTE) inhibitors, surgical procedures,

ntibiotic prophylaxis or irrigation, and other interventions all helped to lower the incidence of CC. 20 

iscussion 

CC is the leading complication after breast augmentation or reconstruction with breast implants. 21

he pathogenesis of CC is likely multifactorial, with the innate and adaptive immune systems play-

ng a significant role. 21 The silicone in breast implants activates monocytes and macrophages, and

ymphocytes are the predominant immune cells within the capsule. 22 

The findings in this review are consistent with previous studies and indicate that risk factors for

C are multifactorial, with demographic and implant characteristics consistently playing a vital role

n the pathogenesis. Although CC remains the most common complication following breast implant

urgery, the exact etiology remains to be elucidated. 23 

Women with breast implants have an increased risk of autoimmune and/or rheumatic conditions

ompared to implant-free women. 24 Symptoms of Sjogren’s syndrome, such as dry eyes, dry mouth,

ry skin, and difficulty swallowing, are more prevalent among women with breast implants. Rheuma-

oid arthritis is also more likely to be found in women with breast implants. 25 , 26 

Breast implants have also been correlated with scleroderma. 27 Silicone can migrate from the im-

lant to the body and induce a chronic inflammatory process. 28 Silicone-related autoimmune adverse
90
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vents termed ‘silicosis’ often include fatigue, cognitive impairment, arthralgia, myalgia, fever, dry

yes, and dry mouth. 29 

Approximately 2–2.5% of patients undergoing one of the most common surgeries in the United

tates, i.e., breast augmentation and reconstruction, experience SSIs. Although breast augmentation

s considered an aseptic procedure, bacterial contamination from tissues is a potential source of in-

ection. Various factors can contribute to an elevated risk of SSIs, including weight, poor nutrition,

besity, diabetes mellitus, smoking, immunodeficiency, and extended hospital stays. The significance

f infection in the etiopathogenesis of CC is not entirely understood, although some studies hypothe-

ize that biofilm from coagulase-negative Staphylococci has an essential detrimental effect. 30 Several

tudies have discovered links between the presence of bacteria and CC. 31 This notion is reinforced

urther by studies that suggest that prophylactic or postoperative antibiotic administration appears

o minimize the incidence of CC but with inconsistent results. 32 Many studies have also examined

he role of local antibiotics and/or irrigation in preventing CC. The use of local antibiotics in concert

ith irrigation has been shown to reduce CC. 33 De Kerckhove et al. described a detailed correlation

nd pathogenesis of biofilm as a significant factor involved in CC. Biofilm exists in attached forms to

issues or solid forms/implants. 30 It significantly induces chronic inflammation in the host’s body by

vading and manipulating the host’s immune system. Bacterial biofilms are responsible for increased

xpression of growth factors, e.g., TGF-b, which cause excessive fibrosis for prolonged periods, caus-

ng scarring, thus inducing CC. They are usually part of the host’s skin, gut, and internal areas of the

reast. The most commonly identified organisms are Staphylococcus epidermidis and Propionibacterium

cnes . 30 

CC is traditionally treated surgically, although it is crucial to emphasize that treatment is only

uggested in grades III and IV CC. A total capsulectomy with site change has been reported to be the

ost prevalent corrective surgical procedure. Capsulectomy with or without a capsulotomy has been

escribed as the ‘gold standard’ treatment. Although capsulotomy is an effective surgical treatment

or CC, CC tends to recur; thus, repeated treatments may be required to maintain soft breasts. 34 , 35

urgical intervention can increase the risk of CC recurrence by approximately 25% during the first

ear. 36 

A more recent surgical treatment procedure has been developed that entails the development of

 neo-pectoral pocket in which the implant is placed. In order to avoid further tissue damage, a new

ub-pectoral plane is created that extends deep into the pectoralis major muscle but is superficial

o the anterior capsule; this permits the existing capsule to be used and gives a new vascularized

ocket in which to insert a new textured implant. It is typically performed through an inframammary

ncision. 37 A retrospective study of 198 patients, of whom 69.7% had CC and were treated with revi-

ionary breast surgery with the creation of a neo-pectoral pocket, showed a significant success rate in

ontracture reduction. 38 

A spectrum of pharmacological and non-pharmacological strategies has been investigated to pre-

ent CC in breast implantation. 33 Initially, polyurethane-coated implants were used, though their dis-

ontinuation was immediate. The proof of genotoxicity followed. Implementation of both absorbable

nd non-absorbable mesh materials has shown efficacy in diminishing the prevalence of infection

nd necrosis. 33 Furthermore, applying zwitterionic polymers has exhibited the potential to attenuate

roader immune and inflammatory reactions. From a surgical perspective, adopting the sub-pectoral

pproach instead of areolar/peri–areolar and inframammary techniques has markedly decreased CC. 33

n parallel, perioperative administration of antibiotics, including second-generation cephalosporin,

entamicin, and vancomycin, has been implemented as an effective prophylactic measure in many

ases to prevent SSIs and CC. 33 The irrigation of implants and implant pockets with sterile solutions,

omplemented by administration of triple antibiotic formulations, is also a popular technique. More-

ver, topical administration of antibiotics has also shown promising results for reducing CC risk, thus

nhancing overall outcomes of implant-based procedures. 33 

This study presents a comprehensive analysis of the multifaceted factors influencing CC after breast

mplant surgery, with a specific focus on the role of ADs in this complication. By conducting a system-

tic review of the current literature, this study elucidates the intricate relationship between ADs and

C, shedding light on the nuanced interplay of immunological factors in the development of fibrous

issue around implants. Notably, this research highlights the diverse array of contributing factors, from
91
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mplant placement techniques to device characteristics and patient-related variables, providing clin-

cians with a holistic understanding of CC risk factors. Importantly, it synthesizes current evidence,

nderlining the absence of a significant direct link between silicone gel implants and ADs while em-

hasizing the prominence of biofilm, SSIs, and implant-specific features as contributors to CC. This

omprehensive analysis serves as a valuable resource for clinicians, offering insights crucial to enhanc-

ng patient counseling, refining surgical approaches, and ultimately improving the overall outcomes of

reast augmentation surgeries. 

imitation and conclusion 

Although a thorough methodology was followed and executed meticulously, this study is not free

rom limitations. First, the data extracted from the included study only represents the viewpoint of

he respondents. The non-respondents’ perspectives could add more significant findings regarding this

opic. Future studies should focus on prospectively following the surgical patients over time to observe

he complication rates among patients with autoimmune disease vs those without. Second, the time-

ine only captured the latest scenario in the field and could have missed some past data on this topic.

hird, articles that were not in English could have provided more insight in evaluating the said associ-

tion with CC. Finally, this study is not free from recall bias from the respondents, as patients suffering

rom these complications tend to report and respond more than the ones without complications. 

CC is one of the most common surgical complications after breast implant and requires more re-

earch into the impactful variables and risk factors. The most common risk factors included autoim-

une disease; SSIs, considering the roles of bacteria and biofilm, for which postoperative antibiotics

educed the complication rate; newer surgical techniques such as creating neo-pectoral pockets for

mplant placement; and using areolar and sub-pectoral approaches. Moreover, topical administration

f antibiotics showed promising data to reduce CC. 
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