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Abstract 

The aim of the study was to show significant differences regarding postopera-
tive complications and outcomes using three different Acellular Dermal Ma-
trices (ADM), namely Epiflex®, Strattice® and Braxon®, in immediate im-
plant-based subpectoral breast reconstruction cases. Background: The use of 
Acellular Dermal Matrices for implant-based breast reconstruction cases con-
tinues to evolve. There is a wide variety of products which differ significantly 
in their biological features. It remains unclear if and how these differences 
manifest in clinical practice. Methods: 82 cases of primary breast reconstruc-
tion in the Department of Plastic and Aesthetic Surgery of HELIOS Clinics 
Schwerin, Germany between 2010 and 2018 were analyzed. 25 patients re-
ceived Strattice® acellular dermal matrix (SADM), 22 cases Epiflex® acellular 
dermal matrix (EADM) and the remaining 35 cases Braxon® acellular dermal 
matrix (BADM). The mean follow-up was 1.8 years. Cases were analyzed re-
garding minor or major complications and rate of capsular contracture grade 
III or IV (Baker Classification). Results: The overall complication rate was 
34.1% for all groups (SADM = 40%, EADM = 50%, BADM = 20%, p-value = 
0.051). Of all cases, 6 patients underwent implant exchange or secondary au-
tologous reconstruction due to capsular contracture (7.3%). The mean time 
between revision due to capsular contracture and reconstruction was 35.8 ± 
14.4 months. 50% of patients, who developed capsular contracture, received 
postoperative radiation. Mean hospitalization time was 8.2 ± 3 days (SADM = 
8 ± 3.2 days, EADM = 10 ± 2.8 days, BADM = 6 ± 1.3 days). There were no 
significant differences between all three groups for demographics, overall 
complication rate or capsular contracture. However, patients receiving Brax-
on® matrix showed significantly fewer minor complications (p-value = 0.01). 
Moreover, patients receiving Braxon® ADM showed a significantly lower time 
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of hospitalization (p < 0.001). Conclusion: No significant differences re-
garding the overall complication rate were found between the three groups. 
Different biological features of ADM showed a weak influence on overall re-
sults. However, patients receiving Braxon® ADM showed significantly lower 
minor complication rates and hospitalization time. In addition, these matric-
es showed a trend towards lower capsular contracture rates. The low rate of 
capsular contracture hints at possible advantages of ADM-use in direct-to- 
implant cases. 
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1. Introduction 

There is now widespread application of Acellular Dermal Matrices (ADM) for 
direct-to-implant (DTI) breast reconstruction. The reasons for this are mainly: 
1) artificial elongation of the pectoralis muscle, which limits muscle dissection 
and surgical trauma and allows for increased initial fill volumes and faster ex-
pansion in expander-based cases [1]; 2) provision of an additional protection 
layer by enhancement of the soft tissue [2]; 3) better control of the inframam-
mary fold and implant migration and the ability to shape the implant pocket, 
resulting in superior aesthetic outcomes [3] [4]; 4) possibly lower rates of capsu-
lar contracture, especially in the case of post-mastectomy radiation therapy 
(PMRT) [5]. 

ADMs may be derived from human, porcine or bovine tissue, resulting in dif-
ferent biological features (see Table 1). For example, the 1,3-alpha-Gal epitope is 
a known major xeno-antigen [6] present in porcine matrices. Although drasti-
cally reduced by enzymatic cleavage during the manufacturing process, it is not 
completely eliminated [7]. In line with this, a study by Roessner et al. still found 
residual DNA content on human-derived Epiflex® ADM [8]. Based on in vitro 
and in vivo findings, the host response towards different products may vary [9]. 
It is yet unknown if and how these experimental findings and different biological 
properties manifest in clinical practice. 

Various studies examine and compare possible complication rates and post-
operative results of different ADMs in breast reconstruction [9] [10] [11] [12]. 
However, these studies vary in terms of patient selection and surgical technique. 
For example, Paprottka et al. included primary or secondary aesthetic breast 
augmentation cases [13]. Salzberg et al. did ADM-assisted reconstruction in 
prophylactic cases in as much as 68% but did not find significant differences 
between oncologic and prophylactic cases [13]. To our knowledge, there is no 
study, which compares Braxon® ADM with other ADM. This study examines the  
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Table 1. Biological features and clinical applications of different ADM products. 

Product name 
Manufacturer 

Product specifications and properties Indications 

Strattice® 
Life Cell Corp,  
Brachburg, US 

Introduced 2008, licensed in Europe and US, porcine-derived, non-crosslinked, undergoes a 
minimally manipulative manufacturing process with the aim to eliminate the alpha-Gal 
epitope, thickness 1 - 2 mm provides chemotaxis and suppresses apoptotic induction [37] 
loses tensile strength significantly in a mouse model between 30 days and 3 months [38] [39] 
Seems to elicit an intense early immune response in mouse models [40] [41] with later shift 
to beneficial M2:M1 ratio around day 35 [41] 
Observed collagen deposition at later time points in mouse models [38] [39] [40] 

Breast Reconstruction 
Abdominal Wall Repair 

Epiflex ® 
DIZG mbH,  
Berlin,  
Germany 

Human-skin derived, non crosslinked, thickness >0.3 and >0.8 mm [42] 
preservation of significant ECM components such as collagen type I, type III, type IV,  
fibronectin, laminin, vitronectin and hyaluronic acid seem to be preserved after  
decellularization, small amounts of donor DNA remain 

Breast Reconstruction 
Hypertrophic Scar Treatment 
Dermis Replacement 
Soft Tissue Replacement 

Braxon® 
DECO med s.r.l.,  
Venice, Italy 

pre-shaped, non-crosslinked, 0.6 mm thick, porcine-derived matrix, shows mild fibroblastic 
reaction and ingrowth of blood vessels after 1 yr in humans [43], no chemical preservatives 
used during manufacturing process 

Breast Reconstruction 

 
outcome of Epiflex®, Strattice and Braxon® ADM application in immediate im-
plant-based subpectoral breast reconstruction cases regarding overall minor and 
major complication rates and the development of capsular contracture. 

2. Methods 

A retrospective analysis of immediate subpectoral implant-based breast recon-
struction cases between 2010 and 2018 in the department of Plastic and Aesthet-
ic Surgery of Helios Clinics Schwerin, Germany was performed using our Hos-
pital Information Software. We scanned for defined OPS procedures and ICD 
codes. We included all patients who were diagnosed with ductal carcinoma in 
situ (DCIS), invasive breast cancer and in whom skin-sparing or nipple-sparing 
mastectomy has been indicated as consented by the interdisciplinary tumor 
conference of the institution. Furthermore, all patients in whom prophylactic 
mastectomy has been indicated were included. We included all patients regard-
less of smoking status, BMI or comorbidities. Patients who underwent prepec-
toral or delayed reconstruction were excluded from the study. Patients who had 
partial or full autologous reconstruction (e.g. thoracoepigastric flap or latissimus 
dorsi flap) before were excluded. In addition, patients who received an ADM 
during primary or secondary aesthetic breast augmentation were excluded from 
the analysis. Patients were clustered into the Strattice® (SADM), Epiflex® (EADM) 
or Braxon® (BADM) group according to the ADM. For detailed description of 
these matrices see Table 1. 

The study was approved by the institutional review board of the University of 
Rostock, Germany (Registration-Number 2020-0037). Informed consent for the 
use of data and photographs for scientific purposes was given by each patient. 
The study is in full accordance with the Helsinki Declaration in its revised 2013 
version. 

The surgical technique was similar in all cases: After nipple or skin sparing 
mastectomy via a vertical incision, a limited subpectoral pocket was raised. Im-
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plant handling and insertion was done according to the principles given by Deva 
et al. 2013 [14]. In cases where Strattice® or Epiflex® have been used, a suitable 
piece of matrix was designed and sutured to the retracted pectoralis muscle as an 
inferolateral hammock for lower pole coverage as described earlier [15]. In cases 
where Braxon® matrix has been used, the whole implant was wrapped in matrix 
and completely covered by it. The inframammary fold was enforced by suturing 
the hammock down to the chest wall. The excess material of the matrix envelope 
was sutured down to the chest wall. In all cases, we have used one drain to the 
subpectoral pocket and one subcutaneous drain. A light pressure dressing was 
applied. Patients were put to bedrest for 24 hours. Drains were removed as soon 
as secretion had decreased under 30 ml per day. All cases have been operated by 
a single author (R.M.) Exemplary pictures of preoperative markings and intra-
operative technique are shown in Figure 1. 

We analyzed patient charts and data with attention to age, mastectomy 
weight, implant size, operation time, days of hospitalization and complications. 
The retrospective endpoints of interest were minor complications such as he-
matoma, seroma or small-size skin necrosis not requiring revisional surgery, and 
major complications, defined as implant loss due to skin necrosis, seroma, he-
matoma or infection. Secondary endpoint was capsular contracture (Baker Clas-
sification III or IV) requiring late revisional surgery. 

Group homogeneity was tested with either Pearson’s Chi Square Test or 
Kruskal-Wallis Test, as appropriate. We tested statistical significance regarding 
the defined endpoints using Pearson’s Chi Square Test. The significance level 
was given to a two-sided p-value of smaller than 0.05. Statistical analysis was 
performed using the latest version of SPSS (IBM Corp., Armonk, New York, 
USA) 

 

 
Figure 1. (A) Preoperative markings are shown for a 42-year-old woman with invasive 
ductal breast cancer of the left breast. (B) The vertical ellipse caudally extends to 2 cm 
above the inframammary fold. (C) Intraoperative view showing the gland which has been 
released from the pectoralis major muscle. A minimum of subcutaneous fat is preserved 
to maximize flap survival. (D) The implant has been wrapped completely in Braxon® ma-
trix. The upper pole is secured beneath the raised pectoralis flap.  
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3. Results 

The analysis yielded 112 cases, of which 30 cases where excluded for not match-
ing the preset requirements. In total, 82 cases remained, of which 25 cases re-
ceived Strattice®, 22 cases Epiflex® and the remaining 35 cases Braxon®. Mean 
follow-up was 1.8 ± 1.1 yrs. 

The mean age of all patients was 50.3 ± 11.62 yrs. The leading cause of mas-
tectomy was invasive breast cancer (50%), followed by DCIS (27%) and prophy-
lactic mastectomies (23%). 27% of all patients underwent prior breast conserva-
tion therapy. Mean mastectomy weight was 353 ± 177 g and mean implant size 
has been 373 ± 111 cc. The mean operation duration was 157 ± 50 min. 15 pa-
tients have received postmastectomy radiation therapy (PMRT). There were no 
significant differences between all groups except Follow-Up which was signifi-
cantly shorter in the BADM group (see Table 2). 

The overall complication rate was 34.1% for all groups (SADM = 40%, EADM 
= 50%, BADM = 20%). Although the absolute complication rate of the BADM 
group is lower than SADM or EADM, there was no significant difference 
(p-value = 0.051). 

Minor complications occurred in 7 cases (8.5%). There were significantly less 
minor complications in the BADM group vs. EADM (p-value = 0.003). There 
were no significant differences between SADM vs. EADM or SADM vs. BADM 
(p-value = 0.158 and 0.089, respectively). In total, we have encountered 21 major 
complications leading to implant loss (25.6%). There were no significant differ-
ences between the three groups regarding major complications (see Table 3). 
The main cause for implant loss was skin necrosis (52.4%), followed by infection 
(23.8%) and seroma (19%).  

 
Table 2. Summary of demographic and clinical characteristics of different ADM groups. 

 SADM EADM BADM Total p-Value 

n 25 22 35 82  

Age (yrs) 49.1 ± 12.7 51.1 ± 7.2 50.7 ± 13.2 50.3 ± 11.6 0.651 

BMI 22.5 ± 3.63 22.2 ± 3.08 22.8 ± 3.00 22.7 ± 3.2 0.313 

Mastectomy weight (g) 342 ± 188 346 ± 199 354 ± 158 353 ± 177 0.924 

Implant size (cc) 348 ± 131 375 ± 129 379 ± 83 373 ± 111 0.712 

Operation duration (min) 166 ± 59 150 ± 40 146 ± 48 157 ± 50 0.212 

Diagnosis      

DCIS 6 (24%) 8 (36%) 8 (23%) 22(27%)  

Invasive breast cancer 15 (60%) 9 (41%) 17 (48%) 41 (50%)  

Prophylactic 4 (16%) 5 (23%) 10 (29%) 19 (23%)  

Prior BCT 9 (36%) 5 (23%) 8 (23%) 22 (27%) 0.463 

Follow-Up 1246 ± 722 727 ± 588 282 ± 243 646 ± 404 0.002 
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Table 3. Major and minor complications of different ADM used for direct-to-implant 
breast reconstruction. 

 
SADM  

(n = 25) 
EADM  
(n = 22) 

BADM  
(n = 35) 

Total  
(n = 82) 

p-Value 

Minor Complications 2 (8%) 5 (22.6%) 0 (0%) 7 (8.5%) 0.011 

Seroma 1 (4%) 2 (9.1%) 0 (0%) 3 (3.7%) 0.204 

Haematoma 1 (4%) 1 (4.5%) 0 (0%) 2 (2.4%) 0.463 

Small Size Skin Necrosis 0 (0%) 2 (9.1%) 0 (0%) 2 (2.4%) 0.061 

Implant Loss 8 (32%) 6 (27.3%) 7 (20%) 21 (25.6%) 0.564 

-Skin Necrosis 5 (20%) 4 (18.2%) 2 (5.7%) 11 (13.4%) 0.206 

-Infection 3 (12%) 0 (0%) 2 (5.7%) 5 (6.1%) 0.317 

-Seroma 0 (0%) 1 (4.4%) 3 (8.6%) 4 (4.9%) 0.314 

-Haematoma 0 (0%) 1 (4.5%) 0 (0%) 1 (4.8%) 0.257 

Overall Complications 10 (40%) 11 (50%) 7 (20% ) 28 (34.1%) 0.051 

Capsular Contracture 2 (8%) 3 (13.5%) 1 (2.9%) 6 (7.3%) 0.31 

 
The mean time of hospitalization was 8.2 ± 3 days (SADM = 8 ± 3.2 days, 

EADM = 10 ± 2.8 days, BADM = 6 ± 1.3 days). Patients of the BADM group had 
a significantly lower hospitalization time compared to the SADM or EADM 
group (p < 0.001). There were no significant differences between SADM or 
EADM patients (p = 0.148). 

Of all cases, 6 patients underwent implant exchange or secondary autologous 
reconstruction due to capsular fibrosis (7.3%). There were no significant differ-
ences between the three groups (see Table 3). The mean time between recon-
struction and revision due to capsular fibrosis was 35.8 ± 14.4 months. 50% of 
patients with development of capsular contracture received postmastectomy 
radiation therapy (n = 3). 

Exemplary postoperative results are given in Figure 2.  

4. Discussion 

Although the biological properties of ADM are different and numerous experi-
mental and histological studies exist, which show different potential recipient 
reactions towards ADM, we did not see significant differences between them, 
clinically. The main reason for implant loss in our study was skin necrosis. 
While some authors advocate the use of ADM and propose a better perfusion of 
the skin flap after mastectomy [16], several authors remark that the ADM needs 
profound perfusion for integration. This might not be the case in critically per-
fused mastectomy flaps, which ultimately leads to matrix disintegration and 
possible complications [17] [18] [19] [20]. Rapid integration of ADM is impor-
tant to avoid complications such as seroma or infection [21]. A study by Kim et 
al. showed that the use of ADM in case of necrotic mastectomy flap led to higher 
explantation rates, although only with borderline statistical significance [21]. 
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Our own histologic analysis has shown rapid integration of the Braxon® matrix 
with neo-vascularization, even though we encountered mastectomy flap necrosis 
(example given in Figure 3).  

However, there is no clear data, if and how ADM influences the perfusion of 
mastectomy flaps. Surgical techniques, like a more radical approach towards 
mastectomy, might damage the subdermal plexus leading to elevated rates of 
skin flap necrosis, hence marginalizing the influence of ADM. A study by Rose 
et al. shows that there is a trend towards higher complication rates if thick 
 

 
Figure 2. Postoperative result 6 months after right-sided nipple sparing mastectomy and 
immediate reconstruction with an Allergan® Style 410 MM 320 cc anatomic implant and 
Braxon® matrix (A) preoperative anterior view (B) preoperative oblique view (C) postopera-
tive anterior view (D) postoperative oblique view. 

 

 
Figure 3. Histological analysis of a piece of Braxon® matrix, which was obtained 3 weeks 
after implantation due to skin necrosis and subsequent implant and matrix removal. (A) 
Histiocytic infiltration is evident. The bar indicates 500 µm. (B) Early neo-vascularization 
is visible. The vessels are indicated by asterisks. The bar indicates 100 µm. 
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(thickness > 1.2 mm) ADM are used [22]. As the thickness of the ADM increas-
es, perfusion and ingrowth of repopulating cells gets more difficult and renders 
these ADM more prone to failure of integration. This might attribute to the 
somewhat high complication rate observed in the SADM group, given that the 
Strattice® ADM was the thickest of the compared ADM (see Table 1). 

We have seen significantly fewer minor complications in the BADM group 
when compared to the EADM group. Furthermore, we have seen a slightly lower 
rate of implant loss in the BADM group (20%) compared to SADM (32%) or 
EADM (27.3%), although without reaching statistical significance. Moreover, the 
time of hospitalization of patients who received Braxon® Matrix was significantly 
lower when compared to patients who received Strattice® or Epiflex® matrix. 

These favorable results might be attributable to the manufacturing process of 
Braxon® which is free of chemical preservatives. Vittekova et al. showed the dif-
ferent cytotoxic potential of three ADM in vitro. Notably, the cytotoxicity of one 
ADM remained even after multiple washings [23]. Nevertheless, to our know-
ledge, there are no studies available at the moment comparing Braxon® and its 
cytotoxicity with other matrices.  

We did not find a significantly lower complication rate for EADM, as has 
been reported by Paprottka et al. In contrary, Glasberg et al. reported lower 
complication rates for Strattice ADM compared to AlloDerm. Furthermore, 
Eichler et al. reported a complication rate of 40.6% for Epiflex ADM and found 
it to be significantly higher compared to SurgiMend in a study of 127 patients 
[24]. These findings can be confirmed to some degree with the current data. It 
could be shown that the group of patients who received Epiflex had the highest 
overall complication rate, although without reaching statistical significance. The 
implant materials’ mechanical properties influence the incorporation process 
between the host tissue and the implant. Given that EADM patients presented 
with the highest rate of seroma formation, the mechanical properties of this ma-
trix might lead to more encapsulation rather than integration. Roessner et al. 
found residual donor DNA content on Epiflex matrices which might elicit a 
pronounced immune response and force encapsulation. The immunogenicity of 
residual DNA content on biological scaffolds is well-known [25]. 

The observed overall complication rate is comparable to current literature, al-
though in the upper range. Salzberg et al. report overall complication rates of 
3.9% and implant loss rates of 1.3%. However, the range of reported complica-
tion rates is wide. In a study comparing outcomes of three different ADMs (hu-
man, porcine and bovine), Paprottka et al. reported a re-operation rate of 23% of 
52 cases. Chun et al. reported skin necrosis in 23.9% of 269 ADM-assisted breast 
reconstruction cases and seroma in 14.1% of their cases. In a study of 121 cases, 
Rawlani et al. report an overall complication rate of 16.5% [26]. Antony et al. 
reported an overall complication rate of 23.6% in their study of 153 cases [27].  

In 11 cases (13.4%) we observed severe skin necrosis that led to implant loss. 
27% of our patients underwent prior breast conservation therapy which might 
be a possible cause for an increased number of skin necrosis and surgical side 
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infections. Nevertheless, the available literature does not support this assump-
tion [28] [29]. Compared to direct-to-implant cases without the use of ADM, the 
available literature reports overall early complication rates (within 6 months of 
surgery) of 16% - 42%, which might increase up to 70% in the setting of pre- or 
postmastectomy radiation therapy and skin necrosis was reported in 7% - 20% 
of analyzed cases [30] [31].  

Regarding capsular contracture, our study showed a rate of 7.3% with no sta-
tistically significant differences between the three groups. In a study of 124 cases 
of breast reconstruction where porcine ADM has been used, 6% of non-irradiated 
breasts and 13% of irradiated breasts developed capsular contracture III/IV [32]. 
Salzberg et al. reported capsular contracture as low as 0.4%. In a small series 
with a 4-year follow up on Braxon-assisted reconstruction cases, there was no 
evidence of capsular contracture [33]. Our study shows the lowest capsular con-
tracture rate in the BADM group. This might be attributable to the total wrap-
ping of the implant compared to the use of Epiflex® and Strattice® as an inferola-
teral hammock only, which leaves the implant’s bottom side as well as the upper 
pole exposed [34]. However, the BADM group also had the shortest follow-up 
time.  

The total coverage of implants with BRAXON® requires more material com-
pared to the other two groups which makes sound tissue perfusion mandatory. 
The cost of using ADM is comparable for all three products and is within a 2000 
- 2500 US-Dollar range. To our knowledge, there currently is no additional 
reimbursement for the use of ADM in Germany.  

Furthermore, there were no differences in operation duration between the 
three groups. The Braxon® matrix is pre-shaped, which makes total implant- 
wrapping easy and takes equal time compared to the inferolateral hammock 
technique. We did not see any cases of bottoming out. The possibility to suture 
down the ADM material to the chest wall plays a crucial role in shaping the im-
plant pocket and securing the inferior border. The implant’s downward force is 
disseminated on the virtually tear-resistant ADM rather than to depend on sin-
gle sutures enforcing the inframammary fold.  

The longitudinal character of our study might contain a bias as the experience 
with ADM use has grown over time and led to better results with the last used 
Braxon® matrix regardless of the underlying biological properties of the matrix 
itself. However, the surgeon, who performed the included procedures, is very 
experienced with skin sparing mastectomies and implant-based immediate 
breast reconstructions without the use of ADM. As the handling and operative 
techniques required for successful use of ADM are comprehensible, the influ-
ence of poor technique or handling can likely be neglected. A specific patient se-
lection and preoperative decision making might have led to improved results 
and lower rates of implant loss. Nevertheless, the similar group characteristics 
(age and BMI) do not support this assumption. While the total wrapping of the 
implants with Braxon® matrix might explain the lower rates of capsular contrac-
ture, which was observed and which might be a bias regarding this endpoint of 
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the study, it does not explain the lower rate of minor complications. This effect 
is probably due to the fact that more matrix material also requires better perfu-
sion and mandates more remodeling and integration of an increased amount of 
material compared to a strip of matrix as with Epiflex® or Strattice®. We have not 
used intraoperative skin flap monitoring, which might have led to ADM use in 
cases with critical mastectomy flap perfusion. As mentioned earlier, to our 
knowledge no studies are available which clearly underline the role of ADM in 
enhancing or reducing tissue perfusion. This aspect actually underlines the use-
fulness of intraoperative skin flap monitoring as a matter of controversy. When 
we encountered severe disruption of flap perfusion intraoperatively, we changed 
to a delayed procedure or no ADM-use at all. These cases have not been in-
cluded in our retrospective study. Finally, we acknowledge the concerns regard-
ing the use of Allergan Style 410 implants. Our study included patients from 
2010 to 2018. Allergan Style 410 implants have been recalled in 2019 for con-
cerns regarding their potential to induce BIA-ALCL. During the period from 
2010 to 2017 there were no studies or guidelines available which recommended 
against the use of Allergan Style 410 implants. On the contrary, Unger et al. in 
2016 and McGuire et al. in 2017 reaffirmed the safety of these implants [35] [36]. 
Currently, we do not use these implants, and all our patients who have received 
these products are closely counseled and monitored for any signs of BIA-ALCL. 

5. Conclusion 

Although our study did not show significant advantages of one specific ADM, it 
showed a positive tendency towards the use of Braxon® Matrix with lower overall 
complication rates, and a low rate of capsular contracture. However, the differ-
ent biological features of the compared ADM might only have marginal influ-
ence on clinical outcomes in our study. Low rates of capsular contracture or 
secondary procedures point out an advantage of ADM-assisted breast recon-
struction when compared to implant reconstruction alone. There could be a 
protective role of ADM with regards to postoperative radiation therapy although 
further studies are needed to elucidate this promising feature. 
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