
RESEARCH ARTICLE

Expression of NF-κB-p65 and α-SMA in the Study of 
Capsules formed by Surface Textured Implants Versus 

Foam Covered Silicone Implants in a Rat Model

Rafael dib Possiedi 1,2, Lee Seng Khoo 1,3, Francesco Mazzarone 1,  
Cleber Rafael Viera da Costa 4, Patricia Stremel 5

1. Department of Plastic & Reconstructive 
Surgery, Hospital Santa Casa de 
Misericórdia do Rio de Janeiro, 38th 
Infirmary Professor Ivo Pitanguy’s 
Service, Rio de Janeiro, Brazil.

2. Department of Burns & Plastic Surgery, 
Al Wakra Hospital, Hamad Medical 
Corporation, Doha, Qatar.

3. Department of Plastic & Reconstructive 
Surgery, Skin Check Malaysia, Selangor, 
Malaysia.

4. Division of Biological Sciences University 
of Parana, Parana, Brazil.

5. Saint Claire Pathology & Cytopathology 
Labs of Parana, Parana, Brazil

*Corresponding Author:

Lee Seng Khoo

Department Plastic and Reconstru-
ctive Surgery, Skin Check Malaysia

Email: khooleeseng@hotmail.com

Received: 02 Jan 2021
Accepted: 21 June 2021

Original Article

ABSTRACT

BACKGROUND
We aimed to compare inflammatory and intercellular transcription responses induced 
by surface textured (ST) implants versus foam covered (FC) silicone implants placed 
on the dorsal aspect of rats. 

METHODS
We utilized 80 female rats of the Wistar lineage. The rats were divided into four 
subgroups of 20 with one type of implant placed in the dorsum per rat. Analysis 
was carried out on peri-implant capsules at 90 d and at 180 d post-surgery with 
microscopic evaluation of inflammatory and immuno-histochemical response of 
NF-κB-p65 and α-SMA in fibroblasts. This study was carried out at the Evangelical 
Faculty of Parana and at the Ivo Pitanguy Institute, Brazil in 2015.

RESULTS
The FC exhibited higher levels of acute and chronic inflammation on evaluation in 
both time frames. The capsule surrounding the ST implants was significantly thicker 
with well-organized collagen fibres. NFκB-p65 expression in the capsule surrounding 
the FC implant was more pronounced. There was higher and more significant α-SMA 
expression in the capsules of the surface textured (ST) silicone implants compared to 
the foam-covered (FC) silicone implants. 

CONCLUSION
Activation of NFκB-p65 plays a key role in the evolution of capsule formation and 
maintenance of inflammation by regulating the healing process. Similarly, higher and 
more prolonged levels of inflammation (increased NF-κB-p65 results in increased 
inflammation) and lower α-SMA (higher α-SMA is protective against capsular 
contracture) did not directly translate to a thicker capsule and ultimately, capsular 
contracture in foam covered silicone implants.
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INTRODUCTION

Surgically implanted material are foreign bodies that become encapsulated 
over time. In breast augmentation, a markedly contracted capsule may 
form secondary to complex interactions mediated by myofibroblasts, 
inflammatory cells, and extracellular matrix constituents1. Capsular 
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contracture remains the most common complication 
following breast augmentation with implants not 
infrequently requires implant exchange2. The use 
of surface textured implants has been traditionally 
thought to decrease the rate and incidence of 
capsular contracture3-6. 
Gasperoni et al. reported a capsular contracture 
rate of 3.3% with polyurethane breast implants7. 
Polyurethane covered implants may circumvent the 
development of capsular contracture. Polyuerthane 
implants have interconnected, irregular coating 
forming a spongy meshwork. In contrast of forming 
a single longitudinal collagen capsule, collagen 
is deposited conforming to the irregular spongy 
shape of the coating. Tension from the fibrosis is 
hence dispersed evenly instead of extending in 
one linear direction, reducing the incidence of 
capsular contracture8. Nonetheless, both textured 
and polyurethane implants have now been 
controversially implicated in the development of 
Breast Implant Associated – Anaplastic Large Cell 
Lymphoma (BIA- ALCL)6. Wagenführ Jr advocated 
silicone implants with a silicone foam covering that 
confer properties similar to polyurethane implants 
minus the drawbacks such as lamina degradation 
and possible toxicity of catabolites such as 2-4 TDA 
(toluenediamine)9 
NF-κB-p65 (nuclear factor kappa-light-chain-
enhancer of activated B cells subtype p-65) is a 
protein complex that controls transcription of DNA, 
cytokine production and cell survival10. NF-κB-65 
controls many genes involved in inflammation. A 
disproportionate increase in activated NF-κB-p65 is 
key to the pathogenesis of many chronic diseases10 
and is present in capsule tissue of implants.
α-SMA is used as a biomarker of myofibroblasts, 
it also potentiates the contractile activity of 
myofibroblasts11. Contracted capsules exhibit more 
collagen fibre alignment and α-SMA-positive 
immunoreactivity than uncontracted capsules 
(Baker I and II)12. Capsules from textured implants 
also show less α-SMA-positive immunoreactivity 
compared to capsules from smooth implants12. 
α-SMA is the actin isoform that predominates 
within vascular smooth-muscle cells and plays a 
key role in fibrosis11 and hence capsular contracture.
The aim of this study was to elicit the process of 
capsular contracture and compare inflammatory 
and intercellular transcription responses (namely 
the microscopic evaluation of inflammatory and 

immuno-histochemical response of NF-κB-p65 and 
α-SMA in fibroblasts) induced by surface textured 
(ST) implants versus foam covered (FC) silicone 
implants utilizing a rat model.

METHODS

This study was performed at the Research Laboratory 
of the Institute of Medical Research (IMR) at the 
Evangelical Faculty of Parana in cooperation with 
the Ivo Pitanguy Institute, after being approved by 
the Ethics Committee on the Use of Animals at the 
Evangelical Faculty of Parana and the Ivo Pitanguy 
Institute registered under number 11678/2014, from 
Jan 2015 to Jul 2015.
Eighty female Wistar rats (Rattus norvegicus albinus 
, Roentia mammalia),100 to 120 d of life with a 
median weight of 240 g supplied by the Vivarium of 
the Health Sciences Sector of the Federal University 
of Paraná were utilized for the study. They were 
distributed in acrylic boxes measuring 500 cm3 
containing four rats in each with free access to 
water and specific diet for the species, with a 12-
hour dark/light cycle and central air conditioning 
(18 °C, 60% humidity).
The rats were divided into four subgroups of 20 
with one type of implant placed in the dorsum per 
rat (Table 1). Analysis was carried out on peri-
implant capsules at 90 d and at 180 d post-surgery 
with macroscopic measurement of capsule thickness 
and microscopic evaluation of inflammatory and 
immuno-histochemical response of NF-κB-p65 and 
α-SMA in fibroblasts.

Experimental Procedure

The rats were anesthetized with Ketamine (Ketalar®, 
Aché Laboratórios Farmacêuticos AS, São Paulo, 
Brasil) 100mg/Kg, combined with Chlorpromazine 
10 Virbaxyl 2%®, Virbac do Brasil, São Paulo, 
Brasil) 10mg/Kg via intraperitoneal injection. Prior 
to surgery, the dorsums of the anesthetized rats were 

Table 1: Distribution of groups and subgroups with time frame 
for explanation & analysis

Table 1: Distribution of groups and subgroups with time frame for explantation & analysis 

 Subgroups 
Group 90 Days 180 Days 
Foam Covered (FC) n: 20 n: 20 
Surface Textured (ST) n: 20 n: 20 
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shaved and antisepsis achieved with Chlorhexidine 
solution.
The site of incision was standardized to the 
intersection between the horizontal line along the 
postero-inferior costal margin to the sagittal midline. 
A horizontal incision was made using a number 15 
blade with an extension of 1.5 cm at the intersection 
of these imaginary lines (Figure 1).
A subcutaneous pocket extending cranially was 
dissected with scissors to allow placement of the 
implants (Figure 2).
A Magill Forceps was used to place the implants 
into the predissected space (Figure 3). Each 
subgroup received only one type of implant either 
Surface Textured (ST) (Figure 4) or Foam Covered 
(FC) (Figure 5). Each implant was standardized to 
3 cm in diameter.

After placement of implants, the wound was closed 
with interrupted simple 4/0 Nylon sutures. The 
wounds were kept open with no post-operative 
dressings or suture removal. The rats were sacrificed 
according to their subgroups at the predetermined 
time frame with Sodium Thiopental (90 mg/kg) 
administered intraperitoneally. 
The silicone implants were removed en-bloc 
with their capsules (Figure 6) and submitted for 
immunohistological study. All slides were evaluated 
by the same pathologist, blinded to the group or 
time frame to which the specimen belongs.

Histological evaluation

The specimens were fixed with 10% PBS (PBS® 
10x, Irvine Scientific) and buffered formalin 

 

Fig. 1: Horizontal skin incision and pre-marked area of dissection 

  

 

Fig. 2: A Subcutaneous pocket extending cranially was dissected with scissors to allow placement 

of the implants 

  

Fig. 1: Horizontal skin incision and pre-marked area of dissection

Fig. 2: A Subcutaneous pocket extending cranially was dissected with scissors to allow placement of the implants
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Fig. 3: A Magill Forceps was used to place the implants into the predissected space 

  

 

Fig. 4: Surface Textured (ST) discoid shaped implant 

  

 

Fig. 5: Foam Covered (FC) discoid shaped implant 

  

Fig. 3: A Magill Forceps was used to place the implants into the predissected space

Fig. 4: Surface Textured (ST) discoid shaped implant Fig. 5: Foam Covered (FC) discoid shaped implant

 

Fig. 6: The silicone implants were removed en-bloc with their capsules 

  

Fig. 6: The silicone implants were removed en-bloc with their capsules
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(Formalin®, Richard-Allan). They were dehydrated 
and embedded in the paraffin before being sectioned 
for slide examination of protein expression via 
immunohistochemistry staining. 
The sections were incubated for 12 h at 4 ºC for 
detection of primary antibodies. The primary 
antibodies used were anti-NfκB p65 (Santa 
Cruz Biotechnology®, CA, SC-372, rabbit IgG 
dilution 1:25) and anti-smooth muscle actin 
(Dakocytomation® M0851, mouse IgG, dilution 
1: 400). At end of the incubation period, the slides 
were again immersed in a polymer detection kit 
that identifies and binds to Easylink Duo rabbit and 
mouse antibodies (Easypath EP-12-24094®).
Following of which the slides were once again 
dehydrated by ethanol and xylene and mounted with 

Entellan® (Merck®). The results were examined 
and photographed under optical microscopy.

Hematoxylin-eosin staining

With hematoxylin-eosin staining, the following 
histological variables were evaluated: 
Polymorphonuclear leukocytes (PMNs) signalling 
acute inflammation and macrophages/lymphocytes 
signalling chronic inflammation. The presence of 
these cells and other subcellular types was graded 
as follows: absent, mild, moderate and severe.

Capsule thickness measurement

The thickness of the capsule was measured at 

 

Fig. 7: Images of pericapsular tissue inflammation 200x magnification. A) Histological changes 

in each sample were analyzed with hematoxylin-eosin staining of tissue sections, which were 

graded from 0 to 4. Graphical representation of acute inflammation (B) and chronic inflammation 

(C) in the capsules surrounding the implants. The results were expressed as median ± SD. p 

<0.0001 (ANOVA and Shapiro-Wilks). 

Fig. 7: Images of pericapsular tissue inflammation 200x magnification. A) Histological changes in each sample were analyzed with 
hematoxylin-eosin staining of tissue sections, which were graded from 0 to 4. Graphical representation of acute inflammation (B) and 
chronic inflammation (C) in the capsules surrounding the implants. The results were expressed as median ± SD. p <0.0001 (ANOVA 

and Shapiro-Wilks).
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three points on each slide. The average of these 
measurements corresponded to the thickness of that 
slide.

Statistical Analysis

Statistical analysis was performed with Analysis 
of Variance (ANOVA) aiming to evaluate the 
influence of the type of implant (ST vs PF) and 
the time frame (90 and 180 d). Shapiro-Wilks test 
was used to evaluate data normality. Statistical 
significance was set at P<0.05. The software 
utilized was SAS 6.11 software (SAS Institute, 
Inc., Cary, North Carolina).

RESULTS
Hematoxylin-eosin staining

Foam covered (FC) silicone implants exhibited 
greater degrees of both acute and chronic 
inflammatory reactions compared to surface textured 
implants during both intervals of assessment 
(P=<0.0001) (Figure 7).

Immunohistochemistry
Nuclear factor kappa B (NFκB-p65)

The intensity of NFκB-p65 expression in the capsule 
covered with foam implant was more pronounced 

 

Fig. 8: (A) Representative images of NFκB-p65 expression in peri-implant tissue. Magnification 

100x. (B) Graphical representation of the percentage in relation to the immunohistochemical 

expression area obtained through the analysis of the images of the peri-implant capsule and the 

results were expressed as median ± SD. P<0.001 (ANOVA and Shapiro-Wilks). 

  

Fig. 8: (A) Representative images of NFκB-p65 expression in peri-implant tissue. Magnification 100x. (B) Graphical representation of 
the percentage in relation to the immunohistochemical expression area obtained through the analysis of the images of the peri-implant 

capsule and the results were expressed as median ± SD. P<0.001 (ANOVA and Shapiro-Wilks).
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than on the surface textured implants 90 and 180 d 
after surgery (P=<0. A) (Figure 8).

Alpha-smooth muscle actin (alpha-SMA)

Immunohistochemistry revealed greater expression 
of α-SMA in the capsules of surface textured 
implants, when compared to foam covered implants, 
both at 90 d (P=<0.0001) and 180 d (P=<0.0001) 
after surgery (Figure 9).
Immunohistochemical analysis for α-SMA in the 
capsular tissue around the textured and silicone 
foam surfaces.

Capsule Thickness

The capsules surrounding the textured implants 
were significantly thicker when compared to foam 
covered implants at 90 d (P=0.0001) and 180 d 
(P<0.0001) (Figure 10). In addition, the collagen 
present in the peri-implant layer in textured implants 
appear more continuous and parallelly aligned than 
in foam covered implants.

DISCUSSION
Inflammatory Reactions

Placement of silicone implants in tissues typically 

 

Fig. 9: (A) Representative images of the expression of α-SMA (a marker for myofibroblasts) in 

peri-implant tissue. Magnification 100x. (B) Graphical representation of the percentage of 

immunohistochemical expression obtained through the analysis of the images of the peri-implant 

capsule and the results were expressed as median ± SD. P<0.001 (ANOVA and Shapiro-Wilks). 

 

Fig. 9: (A) Representative images of the expression of α-SMA (a marker for myofibroblasts) in peri-implant tissue. Magnification 100x. 
(B) Graphical representation of the percentage of immunohistochemical expression obtained through the analysis of the images of the 

peri-implant capsule and the results were expressed as median ± SD. P<0.001 (ANOVA and Shapiro-Wilks).
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induces an inflammatory response characterized 
by an infiltrate consisting of macrophages, foreign 
body giant cells, and a variable number of plasma 
cells and lymphocytes which initiates fibrosis13. 
Fibrosis is a process triggered by complex reactions 
in vivo normally induced by foreign body material. 
It serves as a defence mechanism in response to 
infection, foreign body material and autoimmune 
factors amongst others14.
Stages of fibrosis are as follows: 1. blood-
biomaterial interaction, 2. provisional matrix 
formation, 3. acute inflammation, 4. chronic 
inflammation, 5. foreign body giant cell formation, 

Fig. 10: The capsules surrounding the textured implants were significantly thicker when compared to foam covered implants at 90 d 
(P=0.0001) and 180 d (P<0.0001)

 

Fig. 10: The capsules surrounding the textured implants were significantly thicker when compared 

to foam covered implants at 90 d (P=0.0001) and 180 d (P<0.0001)  

 
and 6. fibrous capsule formation15. In theory, the 
longer the duration of inflammation be it acute or 
chronic, the more pronounced the foreign body 
reaction resulting in a thicker capsule and higher 
grade of capsular contracture. Acute inflammation is 
characterized by the presence of polymorphonuclear 
cells, predominantly neutrophils, while chronic 
inflammation presents lymphocytes, monocytes, 
vascular proliferation and fibrosis16.
Balderrama reported mild or absent acute 
inflammatory reaction in all groups (7, 14, 30, 60 
d) in the analysis of the reaction to textured and 
silicone foam coatings17.
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In contrast, our study demonstrated that the foam-
covered group had moderate (55%) and intense 
(45%) inflammatory reactions within 90 days. 
The 180-day analysis of the foam-covered group, 
the reaction was mild in 50% and moderate in the 
other 50% of the sample. However, these reactions 
were absent in 45% and mild in 55% on day 90 
evaluation of the textured surface group. In the 180-
day samples from the textured group, they showed 
absent (55%), mild (30%) and moderate (15%) 
reactions.
Regarding the chronic inflammatory reaction, there 
was a predominance of mild (50%), followed by 
moderate (30%) and intense (15%) in the surface 
textured groups at 90 d, contrary to the findings of 
Lesesne18 who did not find intense inflammation in 
the tissue reaction to the surface textured implant. 
However, with 180 d in the surface textured group, 
the reaction became minimal in 50%, followed by 
mild (25%), moderate (20%) and severe in only 5%.
These data partially concur with the findings that 
reported minimal reactions for textured implants19. 
Contrary to the findings of Wagenführ Jr, who 
observed absence or minimal presence in all animal 
groups in the four evaluation periods (28 d, 2 
months, 3 months and 6 months)20, severe chronic 
inflammation was evident in our study for surface 
textured group in 90 d and evolving to moderate 
(50%), mild (35%), absent (10%) and remaining 
severe in 5% of the 180-day sample.

Immunohistochemistry
Nuclear factor kappa B (NFκB-p65)

NFκB is a transcription factor that play an essential 
role in inflammation, lymphocyte activation, 
cell survival and in the formation of secondary 
lymphoid organs. It is also an important component 
of lymphocyte development and the pathogenesis 
of many cancers21. Different combinations of NFκB 
subunits have different roles in the immune response. 
The transcription of pro-inflammatory genes in the 
classic NFκB signaling pathway is regulated by the 
p65 / RelA-p50 heterodimer9,10,22.
In our study, the expression of the NFκB p65 / 
RelA subunit gene was significantly higher in the 
foam covered (FC) silicone groups at both time 
frames (90 and 180 d) of evaluation. These results 
provided evidence of the presence of increased local 
inflammation for a longer duration when compared 

to surface textured (ST) implants.
To date, there are no studies published in the 
literature investigating the expression and 
activation of the classic NFκB pathway, as well 
as its role in the formation of the capsule or in 
the contracture mechanism around silicone breast 
implants. However, its involvement has been widely 
investigated in fibrotic diseases23,24, mainly in the 
regulation of fibronectin transcription that induces 
cell differentiation, migration, coagulation and 
formation of extracellular matrix, which in the latter 
analysis serves to promote wound contraction25. 
According to Barnes and Gorin26 and Clarke et al.27 
fibronectin deposition results in fibrosis in several 
organs.
NFκB is related to the production of 
metalloproteinases, which degrade matrix 
macromolecules, including interstitial collagen, 
fibronectin, laminin and proteoglycan, among 
others. Collectively, metalloproteinases are able to 
degrade all proteins that make up the extracellular 
matrix and basement membranes.
An increase was demonstrated in serum 
concentrations of metalloproteinase MMP-2 and 
inhibitors of metalloproteinases TIMP-1 and TIMP-
2 in patients with capsular contracture, as well as 
a decrease in MMP / TIMP ratio, correlating with 
the severity of Baker’s grade of contracture. There 
were marked increase in the expression of TIMP in 
smooth implants, compared to textured implants28. 
The high concentrations of TIMP may be involved 
in the pathogenesis of capsular contracture, as well 
as explaining the higher rates of capsular contracture 
observed in smooth implants.

α-SMA

The increased presence of positive α-SMA detection 
in capsules is an indicative sign of myofibroblast 
activation resulting in increased contracture in 
both scar tissue and capsules29. Smooth muscle 
α-actin (α-SMA) induce production of higher 
amounts of extracellular matrix proteins, such as 
type I collagen and fibronectin which possesses 
contractile properties. The prime activators are IL-6 
and TGF-β1, although they can also be activated by 
a variety of other cytokines, chemokines, growth 
factors, components of microbial cell walls, and by 
members of the oxidative stress cascade30. 
The intensity of α-SMA expression in the capsule 
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around polyurethane-coated implants was higher 
when compared to textured surface implants at 30 d 
after surgery. However, the increased intensity was 
not observed 90 d after implantation31.
In our study, the intensity of α-SMA expression 
in the capsule of surface textured (ST) implants 
was significantly higher when compared to foam 
covered (FC) implant surfaces at both 90 and 180 
d after surgery.
Fibroblasts can be derived from quiescent 
connective tissue fibroblasts at proliferation sites, 
but there is also ample evidence that at least some 
of them originate from myeloid precursors in the 
blood or bone marrow that migrate to injury sites30.
Positive immunoreactivity for α-SMA has been 
reported higher than in those without contracture 
(Baker I and II). Positive immunoreactivity for 
α-SMA was significantly lower in textured implants 
as opposed to smooth implants29.
Darby et al.32 and Skalli et al.33 demonstrated 
myofibroblasts at the capsule device interface had 
increased immunopositive staining for α-SMA 
supporting the hypothesis that myofibroblasts play 
an active role in capsular contracture34.

Capsule Thickness

The capsule surrounding the ST implants was 
significantly thicker than the FC implants with well-
organized collagen fibres at both 90 and 180 d of our 
study. This is in contrast to the study that reported 
thicker capsules in the subgroups of foam-covered 
silicone implants as opposed to surface textured 
implants at 7 and 60 days17.
Baker I capsules were significantly thinner than 
Baker II, III, IV and the thickness of the capsule 
is directly proportional to the length of time for all 
capsules including those with contracture (Baker III 
and IV)29. Rubino et al.35 found thinner capsules in 
textured implants without capsular contracture and 
Prantl et al.36 found an association between greater 
capsule thickness and clinical signs of contracture.
Limitations of this study are acknowledged as the 
study was conducted on an animal model with the 
limited time frame for removal of the implants 
for purposes of the study which may not directly 
translate to the human model. 
Both textured and polyurethane implants although 
conferring a lower risk of capsular contracture, have 
been controversially implicated in the development 

of Breast Implant Associated – Anaplastic Large Cell 
Lymphoma (BIA- ALCL)6. Foam covered silicone 
implants have not been studied as extensively as 
its polyurethane coated counterpart. Currently, the 
only manufacturer of foam-covered silicone implant 
in the world is LifeSilTM based in Curitiba, Paraná, 
Brazil. To date there has been no report of BIA-ALCL 
associated with foam covered silicone implants37 
Theoretically, the foam’s structure mimics that of 
polyurethane9 and confers the benefits of reduced 
rate of capsular contracture without the possible 
toxic metabolites of 2-4 TDA (toluenediamine)17. 
Nonetheless, the higher and more prolonged levels 
of inflammation (increased NF-κB-p65) and lower 
α-SMA levels associated with FC implants raises 
unanswered questions regarding its long-term 
safety. Now with polyurethane implants being 
vilified rightly or wrongly38, more studies have to 
be done to determine the safety of foam-covered 
silicone implants.

CONCLUSION

The FC exhibited higher levels of acute and chronic 
inflammation on evaluation in both time frames. 
The capsule surrounding the ST implants was 
significantly thicker with well-organized collagen 
fibres. NFκB-p65 expression in the capsule 
surrounding the FC implant was more pronounced. 
There was higher and more significant α-SMA 
expression in the capsules of the surface textured 
(ST) silicone implants compared to FC silicone 
implants. 
Activation of NFκB-p65 plays a key role in the 
evolution of capsule formation and maintenance 
of inflammation by regulating the healing process. 
Similarly, higher and more prolonged levels of 
inflammation (increased NF-κB-p65 results in 
increased inflammation) and lower α-SMA (higher 
α-SMA is protective against capsular contracture) 
did not directly translate to a thicker capsule and 
ultimately more pronounced capsular contracture 
in foam covered silicone implants. In other words, 
the severity of capsular formation & contracture 
does not increase with severity and duration of 
inflammation.
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