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Introduction In Brazil, breast cancer is the most common neoplasm after non-
melanoma skin cancer. Radiotherapy increases breast reconstruction complications,
including severe capsular contracture. Studies indicate that acellular dermal matrix
(ADM) can prevent this complication, reducing local inflammation because it is not
recognized as a foreign body.

Materials and Methods In the present prospective study, we evaluated patients with
breast cancer who underwent mastectomy with immediate reconstruction using
silicone implants or expanders and radiotherapy and developed Baker grade-lll or -IV
capsular contracture, who underwent a new surgery for treatment. We divided the
patients into two groups: group 1 (G1) underwent conventional therapy consisting of
capsulotomy and fat grafting without ADM, while the treatment for group 2 (G2)
involved ADM and fat grafting.

Results The study included 76 patients, 56 in G2 and 20 in G1. The evaluation
considered objective (inframammary fold height, nipple-areola complex height, and
the number of surgeries) and subjective (volume, consistency, and Baker grade of
contracture) measurements of the reconstructed breast compared with the contralat-
eral breast. There were statistically significant differences between the groups. Mild
contractures occurred in 82.1% of G2 and in 30% of G1. We observed deforming
contractures in 0% of G2 and in 50% of G1 (p <0.001).

Conclusion In patients with postradiotherapy capsular contracture, ADM with fat
grafting reduces the lesion and provides better esthetic and functional outcomes
compared with the conventional treatment with capsulotomy and fat grafting.

Introducao No Brasil, o cancer de mama é o mais incidente apds o cancer de pele ndo
melanoma, e a radioterapia aumenta as complicagdes na reconstru¢ao mamaria, como
a contratura capsular grave. Estudos indicam que a matriz dérmica acelular (MDA) pode
prevenir essa complicacdo, ao reduzir a inflamacao local por ndo ser reconhecida como
corpo estranho.
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Materiais e Métodos Neste estudo prospectivo, foram avaliados pacientes com
cancer de mama, submetidas a mastectomia com reconstrucdo imediata utilizando
implantes de silicone ou expansores, que realizaram radioterapia e evoluiram com
contratura capsular de graus Ill ou IV de Baker, e submetidas a nova cirurgia para
tratamento. As pacientes foram divididas em dois grupos: o grupo 1 (G1), de
tratamento convencional com capsulotomia e lipoenxertia sem matriz, e o grupo 2
(G2), de tratamento com MDA associada a lipoenxertia.

Resultados Foram incluidas 76 pacientes: 56 no G2 e 20 no G1. A avaliacdo
considerou medidas objetivas (altura do sulco mamario, altura do complexo areolo-
papilar e nimero de cirurgias) e subjetivas (volume, consisténcia e contratura sequndo
Baker) da mama reconstruida em relacdo a mama contralateral. Houve diferencas
estatisticamente significantes entre os grupos. No G2, 82,1% das pacientes apresen-
taram contratura leve, e no G1, 30%, ao passo que contraturas deformantes ocorreram
em 0% no G2 e em 50% no G1 (p<0,001).

Conclusao O uso da MDA associado a lipoenxertia no tratamento de contratura
capsular apos radioterapia reduz a contratura capsular e proporciona melhores
resultados estéticos e funcionais em comparacdo ao tratamento convencional com
capsulotomia e lipoenxertia.

Introduction

Plastic surgery is a unique specialty with no precise defini-
tion and a long and contradictory history of tradition and
innovation. It encompasses reconstructive and esthetic sur-
geries, and, in many cases, these areas are inseparable. The
best example of this indivisibility may be breast reconstruc-
tion in patients who have undergone mastectomy due to
breast cancer.

In all regions of Brazil, breast cancer is the most common
neoplasm in women after non-melanoma skin cancer. The
South and Southeast are more developed regions and present
higher rates than the North region of Brazil. For each year
from 2023 to 2025, there are an estimated 73,610 new cases,
representing an incidence of 41.89 cases per 100 thousand
women (INCA, 2022).!

Breast cancer treatment has evolved as a result of large-
scale clinical trials, becoming increasingly individualized
and less mutilating. Today, most women with breast cancer
are candidates for breast-sparing treatment,” and more
patients are undergoing local or systemic adjuvant therapies.

The increasing indication of radiotherapy for breast can-
cer patients has raised the number of complications in breast
reconstruction, including local fibrosis, implant extrusion,
capsular contracture, and the need for surgical revision.>*

One of the complications most feared by plastic surgeons
is severe capsular contracture. The contracture causes pain,
breast stiffening, local anatomy distortion, difficulty in
obtaining a satisfactory outcome after another surgical stage
of reconstruction, and irreparable esthetic damage.

Recently, radiotherapy was deemed a variable potentially
leading to the formation of a pathological capsule.> A 2009
systematic review® reported capsular contracture rates in
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irradiated breasts with tissue expanders or silicone implants
of 7.9% and 8.9% respectively. However, in practice, we
observe long-term rates higher than 60%. A classic’ study
with more than 2 thousand breast reconstructions with
implants demonstrated that the rate of Baker Il or IV
contracture was of approximately 10% in 1 year and higher
than 30% in 5 years.

The evolution of radiotherapy devices and irradiation
techniques using hypofractionated doses in less time and
three-dimensional conformational radiotherapy targeting
the tumor area was not enough to eliminate the cellular
damage in healthy tissues in postoperative treatment.

Coleman introduced autologous fat grafting in 1893.8 This
technique has since been used for a wide range of treatment
options in reconstruction and cosmetic surgery. In 2007,
Rigotti et al.'® published a successful study on the use of fat
grafting in the treatment of postradiotherapy capsular con-
tracture, and this method has become another option in the
therapeutic arsenal available for breast reconstruction and
its complications.

The basis of this study'® was the theory that adult adipose
tissue stem cells had regenerative potential to alleviate the
symptoms of severe capsular contracture and increase the
volume of the breast compartment. However, this technique
has limitations, including unpredictable outcomes, poor
response, and recurrence of the contracture. These limita-
tions raise the number of surgeries to improve the success
rate.

The first description of acellular dermal matrix (ADM) in
breast reconstruction dates from 2001.'? Initially recom-
mended for rippling correction, ADM indication has been
expanded to incorporate esthetic and reconstruction
aspects.
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Recent studies suggest that the dermal matrix can prevent
capsular contracture after silicone implant placement. This
fact results from the non-recognition of ADM as a foreign
body, which reduces the pathophysiological inflammatory
process leading to capsular contracture.'>'#1n 2010, Komor-
owska-Timek and Gurtner'® performed an experimental
study in animals subjected to ADM-coated silicone implants
and radiation. They concluded that ADM undergoes incorpo-
ration into the adjacent tissues, decreasing local inflamma-
tory activity.

To date, there are no publications on the use of ADM in the
treatment of capsular contracture as a radiation-induced
complication.

Objectives

The current study aims to evaluate the outcomes of using
ADM and fat grafting in the treatment of severe capsular
contracture induced by radiotherapy in the immediate post-
operative period of breast reconstruction with implants due
to breast cancer, comparing this therapeutic modality with a
control group undergoing conventional treatment with cap-
sulotomy and fat grafting.

Materials and Methods

The present prospective study was conducted from 2016 to
2024. The same surgeon performed all procedures at Hospi-
tal Daher Lago Sul (HDLS), in Brasilia, Brazil. The sample
consisted of patients who underwent unilateral or bilateral,
partial or total mastectomies due to breast cancer with
immediate reconstruction using silicone implants or tissue
expanders followed by adjuvant radiotherapy.

We included all patients with grade-III or -IV capsular
contracture according to the Baker classification who under-
went a new surgery for its treatment, agreed to participate in
the study, and signed the informed consent form. We ex-
cluded patients who did not complete a postoperative fol-
low-up period of at least 6 months after the second surgery,
including photographic documentation.
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We randomly distributed the patients into 2 groups:
group 1 (G1, the controls) underwent the conventional
treatment, that is, capsulotomy and fat grafting but no
ADM; and group 2 (G2) underwent treatment with ADM
and fat grafting. For each group, we prepared two
tables: =Table 1 shows the demographic data of the sample,
and =Table 2 lists the qualitative data following capsulot-
omy, fat grafting, and ADM.

For all patients, we sent a standard authorization request
to the health insurance company. Patient allocation into
groups was conducted based on the health insurance com-
pany’s authorization and agreement to cover ADM-related
expenses. Patients with approved coverage requests were
included in G2. We adopted this allocation method since
ADM is a high-cost material.

Results

This study evaluated 76 patients, 56 in G2 and 20 in G1. The
mean ages of the patients in G1 and G2 were of 47.7 and 49.3
years, respectively. There was no difference in the mean body
mass index between the groups. The G1 patients underwent a
higher mean number of surgeries than the G2 subjects, with no
statistically significant difference. The study period ranged
from 2016 to the end of 2024. The mean follow-up was of
64+ 15.87 (minimum: 35; maximum: 87) months for G1, and
of 724 82.2 (minimum: 6; maximum: 416) months for G2.

We defined a level of 0.05 (5%) of statistical significance
for the present study. We used parametric statistical tests
after determining the normal distribution of the quantitative
variables of the main outcome using the Kolmogorov-Smir-
nov test (N < 100). Therefore, the comparison of the mean
values of the quantitative factors for G1 and G2 used the
Student’s t-test.

Regarding demographic data, there was no statistically
significant difference between the groups, meaning that they
were homogeneous (~Table 1).

The following comparative graphs of each quantitative
variable for both groups show the mean and standard
deviation values with 95%Cls.

Table 1 Mean values of the quantitative factors analyzed in the study

Group Mean | Median | Standard | CV Min. Max. N 95%Cl | p-value
deviation

Age (years) With ADM 49.3 46.5 11.7 24% 29 77 56 | 3.1 0.599
Without ADM | 47.7 48.5 11.4 24% 29 71 20 | 5.0

BMI (kg/mz) With ADM 25.07 | 24.80 4.55 18% 19.47 | 48.28 | 56 | 1.19 0.995
Without ADM | 25.07 | 25.05 3.75 15% 20.13 | 32.81 20 | 1.64

Surgeries (n) With ADM 2.55 2 1.92 75% 1 9 56 | 0.50 0.577
Without ADM | 2.80 3 0.70 25% 2 4 20 | 0.30

Follow-up (months) | With ADM 71.77 | 41.5 82.20 115% | 6.0 416.0 | 56 | 21.53 0.660
Without ADM | 63.55 | 67.5 15.87 25% 35.0 87.0 20 | 6.95

Abbreviations: ADM, acellular dermal matrix; BMI, body mass index; CV, coefficient of variation; Min., minimum; Max., maximum.
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Table 2 Distribution of the qualitative factors analyzed in the study

Cammarota et al.

With ADM Without ADM p-value
(N=56) (N=20)
N % N %
Inframammary fold height x contralateral breast Same height 47 83.9% 1 5.0% < 0.001
1cm higher 7 12.5% 6 30.0% 0.074
2 cm higher 3.6% 8 40.0% < 0.001
3 cm higher 0 0.0% 5 25.0% < 0.001
NAC height x contralateral breast Same height 41 73.2% 5 25.0% < 0.001
1cm higher 8 14.3% 4 20.0% 0.547
2 cm higher 4 7.1% 3 15.0% 0.297
3 cm higher 2 3.6% 3 15.0% 0.077
NA 1 1.8% 5 25.0% < 0.001
Consistency Very rigid 1 1.8% 15 75.0% < 0.001
Rigid 10 17.9% 5 25.0% 0.491
Similar 45 80.4% 0 0.0% < 0.001
Contracture Mild 46 82.1% 6 30.0% < 0.001
Moderate 10 17.9% 0 0.0% 0.043
Severe 0.0% 4 20.0% < 0.001
Deforming 0.0% 10 50.0% < 0.001
Volume Higher 1 1.8% 3 15.0% 0.023
Similar 44 78.6% 3 15.0% < 0.001
Lower 11 19.6% 14 70.0% < 0.001
Number of surgeries 1 16 28.6% 0 0.0% 0.007
2 25 44.6% 7 35.0% 0.453
3 3 5.4% 10 50.0% < 0.001
4 5 8.9% 3 15.0% 0.448
5 2 3.6% 0 0.0% 0.392
>6 5 8.9% 0 0.0% 0.167

Abbreviations: ADM, Acellular dermal matrix; NA, not assessed; NAC, nipple-areola complex.

We evaluated the effectiveness of ADM use through
objective and subjective physical measurements distributed
as follows: objective - mammary fold height and nipple-
areola complex (NAC) height, in centimeters, compared with
the contralateral breast, and the number of surgeries; sub-
jective — breast volume and consistency compared with the
contralateral breast, and contracture according to the Baker
classification. We used the Chi-squares test to compare the
groups regarding the distribution of the relative frequencies
(percentages or prevalence) of the qualitative factors.

=Table 2 shows the results of the relationships and/or
associations through absolute values and percentages. The
table also reveals the joint distribution of the variables as
absolute values and their percentages and all combinations
between the two groups.

An analysis of =Table 2 shows that all factors present at
least one response with a statistically significant difference
between G1 and G2. For instance, the mild contracture
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(Baker I) rate was of 82.1% for G2 and of 30% for G1
(p<0.001). In contrast, the deforming contracture (Baker
V) rate was of 0.0% for G2 and of 50% for G1 (p < 0.001). This
same divergence occurs in all other qualitative parameters
shown in ~Table 2 and ~Figs. 2-6.

=Figs. 2-7 show the results for each variable in the
comparison between the 2 groups.

Regarding the number of surgeries performed (~Fig. 7), all
G2 patients underwent 1 to 2 surgical corrections. The G2
patients who underwent 3 to 4 surgeries had already under-
gone 2 or 3 unsuccessful attempts at fat grafting for treatment.

Discussion

Radiotherapy for breast cancer is often essential, reducing
local recurrence and improving patient survival. However,
the negative effects of radiation on tissues trigger short- and
long-term complications, including capsular contracture.'®
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Mean value comparison
95%CI for mean values
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Fig. 1 Comparison of the mean values of the groups treated or not with acellular dermal matrix (ADM). Abbreviation: BMI, body mass index.

Capsular contracture is one of the main complications in
surgeries involving reconstruction with implants (prosthesis
and expanders) and radiotherapy. An excessive fibrous cap-
sule forms around the implant, leading to symptoms such as
breast stiffness and pain, superomedial displacement of the
implant, and complete distortion of its volume and shape."’

These cases always require surgical treatment. The only
surgical option is capsulotomy, since it is not possible to
perform capsulectomy after total mastectomy, implant re-
placement, and fat grafting, especially in patients with more
severe and symptomatic conditions. A growing body of

clinical evidence strongly supports the therapeutic potential
of mesenchymal stem cells to revascularize ischemic tissue
and restore function.'® Studies'® have reported that fat
grafting is an effective long-term filler material and treat-
ment for contracture and other conditions.

In irradiated tissues, fat grafting decreases collagen con-
tent and dermal thickness while increasing tissue vasculari-
zation. However, fat graft volume retention is substantially
lower. Computed tomography (CT) scans reveals that fat graft
survival decreases significantly in irradiated tissues.?? It is
estimated that 20 to 40% of grafted fat undergoes resorption,
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0.0%
o M — b
Same height Higher =1 cm Higher = 2 cm Higher = 3 cm

@With ADM @ With no ADM

Fig. 2 Comparison of the groups in terms of the symmetry of the
inframammary fold height regarding contralateral breast.

0% 73.2%
70%
60%

50%

40%
30% 25.0% 25.0%
20.0%
20% 14.3% 15.0% 15.0%
10% L% 5%
; il 1.8%
o - - i s
Higher = 1 cm Higher = 2 cm Higher = 3 cm Same as NA
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@ With ADM @ With no ADM

Fig. 3 Comparison of the groups in terms of the symmetry of
the position of the nipple-areola complex (NAC) regarding the
contralateral breast. Abbreviation: NA, Not assessed.
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Fig. 4 Comparison of the groups in terms of the breast volume
regarding the contralateral breast.
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Fig. 5 Comparison of the groups in terms of the breast consistency
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Fig. 6 Comparison of the groups in terms of the distribution of
contractures according to the Baker classification (grades I-1V).

with some cases requiring new injections.21 In practice,
these rates are immensely higher, as demonstrated in our
previous study.

The multiple cases of recurrence of severe capsular con-
tracture led to the evaluation of a material that could replace
elastic fibers and collagen as a structural base for adipocyte
survival and the formation of new tissue to replace the tissue
damaged by radiotherapy.

The ADM is a dermal structure consisting of flexible tissue
with no antigenic cells due to their elimination by specific
chemical processing. This biological skeleton enables cellular
repopulation and rapid revascularization of the patient
(host), optimizing the surgical outcome. It is produced
from human (FlexHD, Alloderm, Allomax, and DermacCell ),
pig (Permacol™ and Strattice), or bovine cadavers (Surgi-

regarding the contralateral breast. Mend), or from bovine pericardium (Veritas).??
60%
50.0%
0% 44.6%
0% 35.0%
[+)
30% 28.6%
20% 15.0%
8.99 8.9%
L 5.4% & z
{eea . 3.6%
B ) (° j | I i 9 ’ ‘ 0.09
One Two Three Four Five <Six
@ With ADM @ With no ADM

Fig. 7 Comparison of the groups in terms of the number of surgeries for condition improvement.
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The ADM determines local angiogenesis and the organized
migration and deposition of fibroblasts and myofibroblasts. As
such, it decreases the contracture of normal scar tissue and the
capsule around the implant, forming a thinner, less contractile
capsule. The ADM also decreases the inflammatory process by
inhibiting the transformation of fibroblasts into active myofi-
broblasts, reducing capsular contracture.?3

We started to recommend this treatment protocol to
patients who had already undergone conventional treatment
and had relapsed in 2016. In 2018, after evaluating the
outcomes of patients with multiple relapses, we began to
adopt it as a priority treatment protocol for postradiotherapy
severe capsular contracture. As ADM is a high-cost material,
we used the health insurance company approval as a criteri-
on to allocate the patients into the case and control groups,
and the sample presented good homogeneity, as described in
the methodology.

For the qualitative study, we selected the main complaints
reported by the patients, such as shape, volume, consistency,
and height, and their evaluations were objectively parameter-
ized. We demonstrated that most variables presented statisti-
cally significant differences in the comparison between G1 and
G2, with a highly significant p-values, as shown in =Table 2.

Individually, each variable demonstrated an interesting
behavior of improvement over the years in G2 compared
with G1, which showed a worsening of breast consistency
during follow-up.

The breast symmetry index was another crucial response
in G2. =Figs. 2-6 reveal that, for all qualitative variables,
there was a significant increase in the symmetry in the
following aspects: inframammary fold height, NAC position,
and affected breast volume and position. In addition, G2
presented an improvement in the Baker contracture
classification.

In 2016, Lee and Mun?* published an update article
evaluating 23 meta-analyses on the risks and benefits of
ADM in breast reconstruction. They concluded that there is
no risk of serious complications; however, some variables,
such as preoperative chemotherapy and postoperative
radiotherapy, can increase these rates.

It is worth emphasizing that there was no increase in the
number of complications or reconstruction loss after ADM
use. The decrease in the number of surgeries for correction
and symmetry improvement was statistically significant,
and most patients underwent only one or two procedures
to achieve the desired outcome. It is worth noting that
symptom improvement requires at least 6 months of fol-
low-up. This improvement was significantly greater in G2,
with longer follow-up times, while G1 presented worsening
of the condition.

Conclusion

Capsular contracture remains a challenge for plastic sur-
geons due to its undefined cause, resulting in no definitive
absolute or prophylactic treatment. Radiotherapy is a main-
stay against breast cancer, but it leads to several tissue
changes and is a risk factor for contractures. Although

Cammarota et al.

prophylactic ADM resulted in positive outcomes, its thera-
peutic use in contractures lacks sufficient basis.

The current study concluded that ADM addition to cap-
sulotomy, implant exchange, and autologous fat grafting in
the treatment of breast capsular contractures is superior to
the previous treatment consisting of capsulotomy, implant
exchange, and fat grafting. This new approach generates
expectations regarding an issue afflicting all professionals
involved in breast cancer treatment and patients who are
biopsychosocially affected by the disease.

It is worth emphasizing the need for further studies on the
treatment of breast capsular contracture with dermal matrices
after radiotherapy, given the lack of specific scientific evidence.
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