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Abstract 

Background: Breast reduction surgery is increasing in popularity, with so 
many techniques all around the world, and the community’s knowledge of 
the details of this procedure increases thanks to the Internet and easy 
access to information, which increases breast reduction reviews for plastic 
surgery clinics. Reduction mammaplasty is an established and effective 
technique to treat symptomatic macromastia. Variable rates of complica-
tions have been reported, and there is a continued need for better outcome 
assessment studies. Aim: The purpose of this study was to identify the 
complications occurred during the first year of breast reduction surgery. 
Materials and Methods: A prospective study over a 1-year period from 
October 2018 to October 2019, that included 32 patients who underwent 
breast reduction surgery using the same technique (inferior pedicle and in-
verted T scar) in the Department of Plastic Surgery at Al-Mouassat Univer-
sity Hospital, Damascus, Syria. Patients were followed through a whole year 
after surgery and complications that occurred were recorded. Results: 
Complications that occurred in 14 patients (43%), and, and were more 
common in patients with larger breasts and worse symptoms before sur-
gery. The most common complication was delayed wound healing, and it 
was associated with breast volume before surgery and with smoking. In 
general, the most relevant factor influencing the incidence of complications 
was the weight of the resected breast tissue, which is mainly related to the 
size of the breast before surgery. Conclusion: The weight of the resected 
breast tissue was the most important factor influencing the occurrence of 
complications after breast reduction surgery. The most prevalent complica-
tion was delayed wound healing and it was associated with the weight of the 
removed tissue. 
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1. Introduction 

Breast reduction surgery is becoming more and more popular in the world, with 
so many techniques as many as plastic surgeons doing this procedure, but the 
most used technique is the inferior pedicle with the inverted T scar technique. 

Considering that breast reduction has cosmetic and functional indications to 
relieve patients symptoms, more and more coming as plastic and also recon-
structive procedure. 

The complications of breast reduction surgery have been studied since 1964, 
and their increased occurrence has been linked to increased patient’s weight and 
increased quantity of resection [1]. 

A few studies linked some complications such as seroma and delayed wound 
healing to the addition of liposuction to surgery [2]. 

2. Materials and Methods 

This was a prospective study over a 1-year period from October 2018 to October 
2019, which included 32 patients who underwent breast reduction surgery in the 
Department of Plastic Surgery at Al-Mouassat University Hospital, Damascus, 
Syria. 

Surgery was performed in all patients using one technique, the inferior pedicle 
technique, with the inverted T scar. 

Patients were followed-up after surgery, and complications that occurred 
during the follow up period were documented. The complications recorded 
were: delayed wound healing, infection, hematoma, seroma, fat necrosis, and 
hypertrophied scars.  

The number of complications that occurred in each patient was recorded, and 
complications rate after surgery was determined by calculating the percentage of 
patients who had any complication. The association between complications and 
other variables such as age, smoking and weight was assessed. 

All patients who had breast reduction surgery with other techniques like ver-
tical scar breast reduction were excluded from this study, and the patients who 
were not followed up after surgery were also excluded. 

Patients were followed up after surgery and the drains were removed when 
their daily output reached less than 50 ml. Then patients were seen after 1, 3, 6 
months and a year after surgery. 

3. Results 

32 patients underwent breast reduction surgery using the inferior pedicle tech-
nique, with the inverted T scar. All patients were in the reproductive age with a 
mean age of 37.8 years (range, 23 - 52 years). 

The mean BMI was 29.7 kg/m2 (range, 19 - 40 kg/m2). The mean weight of 
single breast resected tissue was 793 gram (range, 140 - 1600 gram). 

All surgeries were performed under general anesthesia, and a suction drain 
was placed in all patients, the mean surgical duration was 151.5 minutes. 
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Out of 32 patients, 18 had no complications (56.25%), 14 had one or more 
complication, so the complications rate was 43.75%. 

Of the 14 patients with complications 6 had one complication (18.75%), 4 had 
two complications (12.5%) and 4 had three or more complications (12.5%). 

The complications occurred were as follows:  
Delayed wound healing in 12 patients (37.5%), hypertrophied scar in 5 pa-

tients (15.6%), fat necrosis in 4 patients (12.5%), seroma in 3 patients (9.3%), 
partial nipple necrosis in 3 patients (9.3%), and infection occurred only in one 
patient (3.12%) No complete nipple necrosis occurred in any patient. 

The most influencing factor in the occurrence of complications was the size of 
the breast before surgery, and thus the weight of breast tissue removed from 
each breast. 

All delayed wound healing cases were dealt with by conservative methods like 
daily wound dressings until recovery. 

Fat necrosis occurred in 4 patients which were managed conservativly. 
Seroma occurred in 3 patients, which we suctioned by simple measures and 

no reaccumulation of seruma was noticed. 
The infection occurred in one patient, and appropriate antibiotics were given 

according to swab from the wound until total recovery had occurred. 
Figure 1 shows Delayed wound healing. 
Table 1 shows the main characteristics of patients with complications and pa-

tient without complications.  
Patients with one or more complication had a greater body mass index, were 

more smokers, had a larger resected specimen weight, and suffered of more 
shoulder grooving due to effect of the brassier.  

No difference in mean age was found between the two groups.  
 

Table 1. The main characteristics of patients with complications and patient without 
complications. 

Variable Complications No complications 

Patients number 14 18 

Mean age (years) 36.7 38.5 

Mean BMI (kg/m2) 33.5 27.9 

Smoking 80% 55% 

Resected specimen  
weight (gram) 

1020 580 

Shoulder grooving 71% 37.5% 

married patients 
(Only two unmarried patients) 

100% 88% 

previous breastfeeding 100% 88% 

history of breast cancer  
in first-degree relatives 

0% 0% 
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Figure 1. Delayed wound healing. 

4. Discussion 

In an attempt to reduce complications, smoking should be stopped one month 
before surgery and two weeks later, and the patient should be advised to lose 
weight when high BMI is noticed before surgery, and reach a stable weight for at 
least 6 months before surgery. A meticulous surgical technique with a good un-
derstanding of the surgical procedure is essential in an effort to reduce compli-
cations 

The correlation between resected specimen weight in breast reduction surgery 
and the increased complications was obvious in this study, as the mean weight of 
the removed tissue in patients which complications was 1020 g compared to 580 
g in patients without complications. 

In 1964, Strombeck [1] found an increase in complications rate after breast 
reduction surgery with the weight of the removed tissue was greater than 500 g 
from a single breast. 

In 2000, Zubowski [3] described the correlation between increased weight of 
resected tissue from a single breast and increased complications after surgery. 
Our results are also consistent with the study of Menke et al. in 2001 [4]. 

The increased rate of complications was also associated with the increased 
body mass index (BMI). Patients with complications after surgery had a mean 
BMI of 33.5 kg/m2 compared to 27.9 kg/m2 in patients without complications. 
This was also shown by Zubowski [3], but the results of our study are inconsis-
tent with Cunningham study in 2004 [5], which showed no association between 
increased patient’s weight and complications after breast reduction surgery.  

The most common complication after breast reduction surgery in our study 
was delayed wound healing without association with any of other variables, 
therefore it was linked to the previous risk factors for complications, such as in-
creased weight, excess weight of the removed tissue, and smoking. 

Smoking was the most common risk factor in patients with complications, 
which is logical because the effect of smoking on wound healing and micro per-
fusion, which was shown by Cunningham [5] in his study published in 2004 as 
well. 
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5. Conclusions 

The significance of the study results may be affected by the small number of cas-
es included. Complications in this study varied in severity between patients, 
which should be considered in future studies about the breast reduction surgery 
complications. The effect of complications severity and number on the patient 
should be demonstrated. 

In addition, it is necessary to study the effect of complications on the aesthetic 
results of breast reduction surgery. 

Conflicts of Interest 
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Abstract 

In this case report, we present a male patient who arrived at the hospital for 
the first time at the age of 8 with giant keloids in both ears and diagnosed by 
the Dermatology and Plastic Surgery as having the “Disease of Jorge Lobo”, 
which is a fungal infection due to the story of the endemic characteristics. 
After the first surgical intervention, he received guidance from the team for 
keloids and left the hospital using elastic mesh and a request to change the 
place where he lived to reduce his contact with the fungi. Fourteen years later, 
the patient returned to the Plastic Surgery Service having even larger keloids 
in both ears, twice the size than the first time. We did the second surgical in-
tervention to remove it, but with the patient’s commitment that he would 
correctly comply with the guidelines determined by the surgical team. After 
finishing all the steps and a post-operative for the case, we observed the satis-
faction and the increase of the patient’s mood, happier and without the em-
barrassment of that physical defect. 
 

Keywords 

Keloid, Fibrosis, Disease, Syndrome, Scar, Relapse 

 

1. Introduction 

The pathophysiology of keloids shows an immunological reaction against seba-
ceous secretion in patients affected by the disorder, in the occurrence of these le-
sions. T lymphocytes are attracted to the site with sebaceous secretion, leading to 
increased collagen formation and greater proliferation of fibroblasts [1]. 

The reticular dermis is the basic site of keloid changes. In this place, the colla-
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gen fibers are formed with nodules that increase in size and are distributed irre-
gularly. The skin of a keloid lesion has a flattened epidermis, without hair, seba-
ceous and sweat glands [2]. 

Keloids are disorders of skin repair characterized by excessive accumulation of 
extracellular matrix produced by fibroblasts and occur when there is not a normal 
healing process. Studies have shown the increased expression of COXs in keloids, 
suggesting that the pharmacological block could be used in the treatment [3]. 

Keloids are a pseudotumor proliferation that extends beyond the edges of the ini-
tial wound. It is a smaller keloid, a slightly raised and itchy scar that extends over 
normal tissue. It is an important keloid, a large, elevated, painful scar that protrudes 
from normal tissue, developed on extensive surfaces, creating pending tumors [4]. 

Diagnosed by the patient, it does not require laboratory or imaging exams, 
and, in a biopsy, we usually observe an increase in collagen and elastic fibers 
[5]. It is mistaken for hypertrophic scarring due to its similarity in pathology. 
In this paper, we will report the case of an 8-year-old child [6], male, who had 
rough, hard, with pruritus, gigantic protruding tumors in both ears, and with 
an onset report after a sting of an unknown insect. He lived in an endemic 
area, pond type, humid, and contaminated by waste and with the presence of 
street animals. This type of keloid is described as the disease of Jorge Lobo [7], 
as a deep, chronic, granulomatous fungal infection originating from trauma 
and fungal implantation (paracoccidioides loboi et loboa loboi) in cutaneous 
and subcutaneous tissues with a keloid aspect (Figure 1). It is also called Laca-
zione, a disease that could infect humans and animals, such as mycoses. First, 
we programmed to do Beta-therapy [8], use of compressive meshes, and 
monthly steroid infiltration (triamcinolone). Three months later (Figure 2), 
we performed the surgical removal of the giant tumors in the ears, with the 
hope that if the patient did all the recommendations, the lesion would not re-
cur. In addition to all social problems, the patient was bulling in the city where 
he lived (Figure 3) [9]. We got free beta-therapy, knitwear, and had follow-up 
for 30 days until discharge (Figure 4). 

Years later, at the age of 22, the same patient returned to the Plastic Surgery 
Service of the HFSE in Rio de Janeiro, with his head covered by the T-shirt, cov-
ering the recurrent keloid in both ears. In this second intervention, we removed 
almost 1 kg of the operative piece (Figure 5) [10]. The postoperative period was 
considered satisfactory and more energetic measures for the late postoperative 
period were passed on to the patient’s sister, who promised the team to supervise 
closely and follow the medical guidelines. 

All of our operated patients signed the informed consent form from the hos-
pital and the medical team. 

2. Case Report 

Fourteen years after the first discharge, the patient returns to the hospital with a 
larger tumor and in the same places. During the physical examination, we found 
that the keloid of the right ear was smaller than in the left ear. During the second 
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removal procedure, we removed 350 mg from the right ear and 650 mg from the 
left ear, the main piece was 36 cm long in the shape of a giant “earring” on the 
left ear (Figure 6) [11]. To perform the surgical removal, we identified piece by 
piece of keloid, being very careful to leave the skin on both sides, for the 
end-to-end raffia with simple stitches, separated and using nylon 4.0. We respect 
the main anatomical accidents that a normal ear has to make it look as good as 
possible: Helix, shell, lobe, and tragus (Figure 7) [12]. Given the complexity of 
the surgery, we considered a few scars at the end of the reconstruction. The 
larger keloids were found on the edges of the helices of both ears (Figure 8) and 
the pieces were sent to the Pathology Service, which confirmed the “keloid for an 
undetermined cause” [13]. 

In the immediate postoperative period, on the day of surgery, we performed a 
Beta-therapy session with 700 rds, repeated for 7 days interspersed in each ear 
[14]. On the fifteenth day, we modeled the lead sheet, which was used for 7 days. 
On the thirtieth day (Figure 9), before discharge, we made an intradermal infil-
tration with triamcinolone 10 mg [15], and 1/10,000 saline solution on the edges 
of both ears. The team followed up the patient for six months, once a month, 
using elastic semi-compressive mesh and without signs of recurrence [16]. We 
lost contact with the patient one year after the second surgery due to the change 
in the city. Five years later, we received a call from the patient and we were hap-
py to know that he was married, with a son, employed, and was not ashamed of 
the small scars left by the last surgical intervention, which is why we decided to 
make this publication. 

1st extirpation: 
 

 
Figure 1. Preoperative period, face, 8 years old. 

 

 
Figure 2. Final postoperative period, face, 8 years old. 
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Figure 3. Preoperative, left side, 8 years old. 

 

 
Figure 4. Postoperative, left side, 8 years old. 

 

 
Figure 5. Perioperative—surgical specimen. 

 
2nd extirpation: 
 

 
Figure 6. Preoperative face, recurrent, 22 years old. 

https://doi.org/10.4236/mps.2021.111002


J. H. C. Resende et al. 
 

 

DOI: 10.4236/mps.2021.111002 10 Modern Plastic Surgery 
 

 
Figure 7. Post-operative, face, 22 years old and 
with after 6 months of surgery. 

 

 
Figure 8. Preoperative left side, recurrent, 22 
years old. 

 

 
Figure 9. Postoperative, left side, 22 years old 
and after 6 months of surgery. 

3. Discussion 

The history of this patient with the disease of Jorge Lobo motivated the team to 
research more about its causes. Fungal infection to differentiate from a common 
keloid of the idiopathic cause or by racial problems. What attracted the most at-
tention, in particular, was the volume of tumors and lobular shape without se-
quence. We also noticed the presence of a pruritus (itch) complaint in the le-
sions, which is very common in keloids found in other types of scars. Due to 
their irregular shapes, the lesions did not guide us to a technique of extirpation, 
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which contributed to define a sequence based on the anatomy of the ear, that is, 
with many curves. In the first surgeries, at 8 years old, we had no experience 
with keloids with these characteristics, but, 14 years later, we performed a more 
severe preoperative and redoubled the post-operative care. 

We discussed the possibilities of pre-operative infiltration of triamcinolone or 
compressive. We opted for beta-therapy in seven sessions immediately after 
surgery, on the same day, as stipulated by the radiotherapy team. Even so, we 
prescribed the facial elastic mesh for 12 months, in two stages: 6 months using 
24 hours and 6 months using only at night. We monitored the patient for 12 
months until he moved to another state in Brazil. Many ideas were presented, 
but we opted for those we had at that time. 

As surgeons, we have had few cases similar to this. There were no cases of ke-
loid in the procedures for placement of earrings or ornaments. 

4. Conclusion 

During our medical career, this was the biggest keloid we found and we had no 
idea how we were going to give hope to the patient, nor how to return his ana-
tomically more perfect appearance and with all his anatomical accidents. We 
thought that, after the first discharge, at 8 years old, we would be away from 
possible relapses, considering all the possible instructions and warnings that 
were passed to the child’s family, about the possibility of relapses if they did not 
move away from the endemic area where they lived and about changing habits, 
such as stop walking barefoot in the contaminated mire, be more careful with 
hygiene and use elastic mesh. The second time, at the age of 22, we were not so 
surprised, as we already knew that it could happen again. The giant “earring” 
shape caused deep embarrassment to the patient, which was the biggest reason 
for having gone to the hospital with the shirt covering the entire head. Even tak-
ing all the precautions we knew about keloids, we knew there would be a recur-
rence, which would result in a third surgical intervention, which did not happen. 
For this reason, we think it is a good idea to encourage medical colleagues to al-
ways try a second time, even though we know that we may fail. Perhaps the 
number of prophylactic measures and the patient’s move to another less un-
healthy location are the causes of the success of this case. There is no conflict of 
interest due to the care taken by the team to request authorization for publica-
tion. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this paper. 

References 

[1] Isaac, C., De Ladeira, P.R.S., Pires do Rêgo, F.M., Aldunate, J.C.B., Tutihashi, R.M.C. 
and Ferreira, M.C. (2011) Changes in the Physiological Repair Process. Brazilian 
Journal of Burns.  
http://rbqueimaduras.org.br/details/67/pt-BR/alteracoes-no-processo-de-reparo-fisi

https://doi.org/10.4236/mps.2021.111002
http://rbqueimaduras.org.br/details/67/pt-BR/alteracoes-no-processo-de-reparo-fisiologico/


J. H. C. Resende et al. 
 

 

DOI: 10.4236/mps.2021.111002 12 Modern Plastic Surgery 
 

ologico/ 

[2] Ferreira, C.M. and D’Assumpção, E.A. (2006) Hypertrophic Scars and Keloids. 
Revista da Sociedade Brasileira de Cirurgia Plástica, 21, 40-48.  
http://www.rbcp.org.br/details/123/cicatrizes-hipertroficas-e-queloides 

[3] Michel, P., Cláudio, G.Z., Marilda, C.F. and Pedro, B.E. (2019) Immunohistochemical 
Expression of Cyclooxygenases in Hypertrophic Scars and Keloids. Plastic and 
Reconstructive Surgery—Global Open, 7, e2030.  
https://doi.org/10.1097/GOX.0000000000002030 

[4] Sanchéz, J., Garcia, M., Gallego, A. and Quilez, P. (2015) Prevención de cicatrices 
hipertróficas y queloides.  
https://www.enfermeriadeciudadreal.com/prevencion-de-cicatrices-hipertroficas-y-
queloides-462.htm 

[5] Yong, M., Afshar, K., Macneily, A. and Arneja, J.S. (2013) Management of Pediatric 
Penile Keloid. Canadian Urological Association Journal, 7, 618-620. 
https://doi.org/10.5489/cuaj.408 

[6] Furtado, A.N., Andrade, H.S., Pandini, E.T., Motta, J., Frasson, P.H.L. and Falqueto, 
A. (2013). Jorge Lobo Disease: Case Report and Literature Review. Journal of Trop-
ical Pathology, 42. https://doi.org/10.5216/rpt.v42i4.27931 

[7] Canary, P.C.V., Fillipo, R., Pinto, L.H.P. and Aidar, S. (1990) Role of Radiotherapy 
in the Treatment of Keloids: A Retrospective Analysis of 267 Cases. Revista Brasi-
leira de Cirurgia Cardiovascular, 80, 291-295. 

[8] Cosman, B., Crikelair, G.F., Ju, D.M.C., Gaulin, J.C. and Lattes, R. (1961) The Sur-
gical Treatment of Keloids. Plastic and Reconstructive Surgery, 27, 335-358. 
https://doi.org/10.1097/00006534-196104000-00001 

[9] Bitencourt, E.L., Brandão, R.G.D., Andrade, A.E.P.R., Pimentel, N.F., Braga, L.P.C., 
Geraldelli, T.V., Costa, S.B. and Reis Júnior, P.M. (2020) Giant Ear Keloid: A Case 
Report. Journal of Pathology of Tocantins, 7, 18-21. 

[10] Alster, T.S. (2003) Hypertrophic Scars and Keloids: Etiology and Management. 
American Journal of Clinical Dermatology, 4, 235-243. 
https://doi.org/10.2165/00128071-200304040-00003 

[11] Correspondence and Comunication (2010) Use of Colchicine to Prevent Recurrence 
of Ear Keloids. A New Approach. Journal of Plastic, Recontructive and Aesthetic 
Surgery, 63, e650-e652. https://doi.org/10.1016/j.bjps.2010.03.018 

[12] Carvalho, B., Ballin, A.C., Becker, R.V., Ribeiro, T.B., Cavichiolo, J.B., Ballin, C.R. 
and Mocellin, M. (2012) Treatment of Retroauricular Keloids: Review of Cases 
Treated at the Otorhinolaryngology Service of HC/UFPR. International Archives of 
Otorhinolaryngology, 16, 195-200.  
https://doi.org/10.7162/S1809-97772012000200007 

[13] Botwood, N., Lewanski, C. and Lowdell, C. (1999) The Risks of Treating Keloids 
with Radiotherapy. The British Journal of Radiology, 72, 1022-1024. 
https://doi.org/10.1259/bjr.72.864.10703484 

[14] Alster, T. (2003) Laser Scar Revision: Comparison Study of 585-nm Pulsed Dye La-
ser with and without Intralesional Corticosteroids. Dermatologic Surgery, 29, 25-29. 
https://doi.org/10.1097/00042728-200301000-00006 

[15] Camacho-Martínez, F.M., Serrano, F.C., Rey, E.L. and Wagner, A. (2013) Results of 
a Combination of Bleomycin and Triamcinolone Acetonide in the Treatment of 
Keloids and Hypertrophic Scars. Anais Brasileiros de Dermatologia, 88, 387-394. 
https://doi.org/10.1590/abd1806-4841.20131802 

https://doi.org/10.4236/mps.2021.111002
http://www.rbcp.org.br/details/123/cicatrizes-hipertroficas-e-queloides
https://doi.org/10.1097/GOX.0000000000002030
https://www.enfermeriadeciudadreal.com/prevencion-de-cicatrices-hipertroficas-y-queloides-462.htm
https://www.enfermeriadeciudadreal.com/prevencion-de-cicatrices-hipertroficas-y-queloides-462.htm
https://doi.org/10.5489/cuaj.408
https://doi.org/10.5216/rpt.v42i4.27931
https://doi.org/10.1097/00006534-196104000-00001
https://doi.org/10.2165/00128071-200304040-00003
https://doi.org/10.1016/j.bjps.2010.03.018
https://doi.org/10.7162/S1809-97772012000200007
https://doi.org/10.1259/bjr.72.864.10703484
https://doi.org/10.1097/00042728-200301000-00006
https://doi.org/10.1590/abd1806-4841.20131802


J. H. C. Resende et al. 
 

 

DOI: 10.4236/mps.2021.111002 13 Modern Plastic Surgery 
 

[16] Ledon, J.A., Savas, J., Franca, K., Chacon, A. and Nouri, K. (2013) Intralesional 
Treatment for Keloids and Hypertrophic Scars: A Review. Dermatologic Surgery, 
39, 1745-1757.  

 
 
 

https://doi.org/10.4236/mps.2021.111002


Modern Plastic Surgery, 2021, 11, 14-21 
https://www.scirp.org/journal/mps 

ISSN Online: 2164-5280 
ISSN Print: 2164-5213 

 

DOI: 10.4236/mps.2021.111003  Jan. 13, 2021 14 Modern Plastic Surgery 
 

 
 
 

Study on the Bidirectional Regulation of Skin 
Regeneration by Tension 

Wei Jie He1 , Kyung Min Son2* , Fuquan Fan3, Zhenzhen Fang4, Bing Han4 

1Department of Plastic and Reconstructive Surgery, Graduate School of Medicine, Chosun University, Gwangju, Korea 
2Department of Plastic and Reconstructive Surgery, College of Medicine, Chosun University, Gwangju, Korea 
3Qingyang Yimei Plastic Surgery Hospital, Guiyang, China 
4Jinshui Meike Medical Beauty Clinic, Zhengzhou, China 

 
 
 

Abstract 

Objective: To explore the related factors of tension on wound skin healing 
and its solution. Methods: According to the analysis and discussion of 60 
trauma patients admitted to the emergency department of our hospital, they 
were randomly divided into two groups, 30 patients in each group (Observa-
tion and control group). The other group was systematically studied for the 
related factors affecting wound healing and we gave the relevant nursing 
measures to the control group. Results: The healing rate of the two groups 
were compared after treatment and nursing. The observation group was bet-
ter than the control group, and the difference was statistically significant (P < 
0.001). Conclusion: Effective reduction of wound tension can induce immune 
response and have obvious effect on skin repair and regeneration. On the 
other hand, the prevention and treatment of abnormal hyperplasia and scar 
were also improved. Avoid other factors affecting wound healing, strengthen 
postoperative management, reduce scar formation and promote skin regene-
ration. 
 

Keywords 
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1. Introduction 

After skin injury, the healing result in regeneration, normal scar tissue repair, 
hypertrophic scar tissue repair or scar Keloid formation. The role of chemical 
factors in wound healing has been extensively studied, and although there is an 
evidence of mechanical forces, the effects are far from well defined. The latest 
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progress of the role of mechanical force in skin wound healing was reviewed. 
Comparison of different species can provide an understanding of the regulators. 
Interestingly, some findings suggest that tension can induce an immune re-
sponse, which provides a link between mechanical and chemical forces. Struc-
ture and function have been shown to be regulated [1] both chemically and me-
chanically. The increase of skin tension can lead to abnormal hyperplasia of scar. 
Although the regeneration ability of human skin after injury is limited, the bidi-
rectional regulation of tension will obviously improve it, thus restoring the 
whole structure and function of organs. 

2. Skin Mechanics 

The skin is the largest organ of the human body. It is mechanically very complex 
tissue. The cuticle (10 - 15 μm), the living epidermis (100 - 150 μm), the dermis 
(subdivided into papillary and reticular dermis ≈ 2 mm) and subcutaneous are 
present below the skin surface [2]. Although the cuticle is part of the epidermis, 
it is generally considered as a separate layer due to its specific barrier properties. 
It is composed of inactive cells, very strong, but flexible and wrinkled. The epi-
dermis is mainly composed of cells that migrate to the skin surface. When cells 
are closer to the cuticle, they become more keratinized. With age, the ups and 
downs become smaller and smaller. The dermis is mainly composed of very 
dense collagen and elastin fiber networks, which dominate the mechanical beha-
vior of the whole skin. The deepest skin layer, subcutaneous or subcutaneous 
adipose tissue, consists of loose adipose connective tissue. The dermis contains 
microstructures such as blood vessels, lymphatic vessels, nerve endings, sweat 
glands, hair follicles and different cell types [3]. People often ignore the influ-
ence of different layers on mechanical properties. 

2.1. Tension and Immune Response 

Tissue contraction is part of normal wound healing. Tension arises during 
cell-mediated tissue contraction. Fibroblasts (FB) are contractile and because the 
tissue itself has a certain tension (ability to resist deformation), the FB is sub-
jected to resistance from the surrounding contracting? The force depends on the 
deformation ability of the extracellular matrix, also known as tissue compliance. 
The worse the deformation ability of extracellular matrix, the worse the tissue 
compliance and the greater the corresponding resistance. However, the resis-
tance determines the intracellular tension [4], and mechanical stimulation plays 
an important role in triggering the interaction between cells and extracellular 
matrix and producing signals that regulate the phosphorylation of cytokine re-
ceptors and cell proliferation. As long as there is mechanical tension in the tis-
sue, cell proliferation and biosynthesis will continue; once tension is alleviated, 
even if growth factors persist, cells will be transformed into non-proliferative 
types and begin to degenerate. This result indicates that increased skin wound 
tension leads to increased scar formation, and can also explain the role of ex-
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ogenous pressure in reducing scar contracture. The results showed that the 
transplantation of full-thickness skin or blade thick skin could affect granulation 
tissue proliferation to varying degrees and accelerate the rapid completion [5] of 
FB life cycle. Whether this phenomenon is related to skin graft (especially full 
thick skin graft) can promote tension relief to some extent. 

2.2. Tension and Scar 

Scar formation is related to the degree of injury, local inflammation, immune 
response, skin tension and many other factors. The tension factor is closely re-
lated to the degree of scar after healing. It is still a challenging task to reduce the 
tension and make the incision not only obtain rapid and good healing and not 
obvious postoperative scar. In recent years, the main purpose of the improved 
suture technique is to observe the treatment and prevention of pathological scar, 
that is, hypertrophic scar and keloid, while the degree of tension reduction of 
subcutaneous suture technique is less. It also involves the evaluation of physio-
logical scar degree and related comparative studies. In recent years, the exten-
sion-reducing suture of distal subcutaneous transverse mattress is a kind of peak 
and method, which can make the tension-reducing incision better. Whether un-
der static tension or periodic dynamic tension, the distal subcutaneous trans-
verse mattress tension-reducing suture is subcutaneous buried vertical mattress 
suture. Both can effectively maintain the tension-free state of the posterior edge 
and the adjacent skin on both sides, this suture method can be used in facial scar 
shaping, which can effectively reduce the tension of the knife-edge, make the cut 
edge good valgus and alignment, and greatly reduce the dermis suture. Com-
pared with the traditional suture, scar width and POSAS scar scale (Patient and 
Observer Scar Assessment Scale) score showed that the scar degree was lighter, 
and itching, pain and other discomfort symptoms were lighter. The degree of 
scar appearance in the observation group and the control group was observed 
one week later (Figure 1). 

Skin tension is determined by the following factors: 1) the degree of skin tis-
sue defect; 2) the inherent tension of skin tissue and the size of local skin tension 
are related to skin tension relaxation line [6]. Animal experiments confirmed 
that with the increase of tension, the width and tension intensity of scar also in-
creased. A relationship between wound tension and scar width confirms to a 
nonlinear equation [7]. For different parts of the body, skin tension is different. 
The site of high skin tension often becomes the prone part of pathological scar. 
Such as keloid often appears in the anterior chest and deltoid muscle and other 
areas of high skin tension. Studies have shown that FB under tension produces 
more collagen, and the collagen fibers [8]. And through “Z” shape surgery as far 
as possible to repair the defective tissue or skin transplantation to alleviate skin 
tension is one kind.  

Treatment: One of the factors of low incidence of hypertrophic scar in the el-
derly is skin relaxation, low tension and low collagen fiber response. 
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Figure 1. Degree of scar. 

 
Early studies have found that local blood flow disorders caused by pressure 

can stabilize mast cells, cause tissue hypoxia, and reduce a2_macroglobulin in 
local plasma that inhibits collagenase activity. Thus changing collagen metabol-
ism rate, collagen synthesis is reduced, degradation is accelerated, and myofi-
broblasts (Myofibroblasts, MFB) are degraded, and lysosomal enzymes that can 
degrade proteoglycan are released, which is beneficial to collagen remodeling 
[9]. This may be one of the mechanisms by which stress therapy reduces scar 
formation. To assess postoperative scar formation, an improved version of the 
modified Vancouver Scar Scale (mVSS) was used, focusing on the size of the scar 
region (Table 1). 

The medical records were evaluated for preoperative and postoperative pho-
tographs taken at least one week after surgery. The nonparametric Wilcoxon 
symbolic rank test was used to analyze the difference of (mVSS) scores before 
and after operation. All statistical analyses were performed using the SPSS 23.0 
version (IBM Corp., Armonk, NY, USA) of the data. Statistical significance is 
defined as the P < 0.05. 

At least a week after surgery, the aesthetic satisfaction of patients was eva-
luated orally by dealing with the evaluation of wound scar sites (Table 2). Pre-
senting the following four questions, full score close to five indicates the higher 
satisfaction: (Q1) are you satisfied with the postoperative scar at the wound site? 
(1-5); (Q2) are you satisfied with the postoperative contour of the wound site? 
(1-5); (Q3) are you satisfied with the wound site after operation? (1-5); And (Q4) 
are you satisfied with the overall results of the operation? (1-5) Of the 60 pa-
tients, 18 patients had a slight scar tendency, 23.33 percent. It is certain that the 
patient is generally satisfied.  

3. Effects of Tension and Blood Vessels on  
Skin Regeneration 

As a normal biological process, wound healing is achieved through four precise 
and highly programmed stages: hemostasis, inflammation, proliferation and re-
modeling. For successful wound healing, all four stages must be in the correct 
order and time frame [10], among which the importance of tension can be seen. 
Many factors interfere with one or more stages of the process, leading to impro-
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per or impaired wound healing. This review reviews recent literature on the 
most important factors affecting skin wound healing as well as underlying cellu-
lar and/or molecular mechanisms. Factors discussed include oxygenation, infec-
tion, age, sex hormones, tension, diabetes, obesity, drugs, alcoholism, smoking 
and nutrition. 
 

Table 1. Modified vancouver scar scale. 

Scar characteristics Score 

Vascularity  

Normal 0 

Pink 1 

Red 1 

Purple 1 

Pigmentation  

Normal 0 

Hypopigmentation 1 

Hyperpigmentation 1 

Pliability  

Normal 0 

Supple 1 

Yielding 1 

Firm 0 

Ropes 1 

Contracture 1 

Height (mm)  

Flat 0 

 1 

2 - 5 2 

 0 

Depression (cm2)  

Flat 0 

 0 

4 - 9 1 

 1 

Total score 14 
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Table 2. Postoperative aesthetic satisfaction scores. 

Patient No. 
Satisfaction score 

Total 
Q1 Q2 Q3 Q4 

1 5 4 4 4 17 

2 5 4 4 5 18 

3 3 5 4 3 15 

4 4 5 4 5 18 

5 5 4 5 5 19 

6 4 3 4 3 14 

7 4 5 3 4 16 

8 5 5 4 4 17 

Mean ± SD 3.87 ± 0.35 4.37 ± 0.35 4.00 ± 0.03 4.12 ± 0.45 16.75 ± 1.47 

Higher scores (5 points) indicate greater satisfaction. Q1: Are you satisfied with the postoperative scar at 
the deformity site? Q2: Are you satisfied with the postoperative contour of the deformity site? Q3: Are you 
satisfied with the wound site after operation? Q4: Are you satisfied with the overall results of surgery? 

 
Leighton [11] capillary blood flow in dilated flap repair is mainly related to 

hypoxia and mechanical tension after dilatation. Recent studies have shown that 
external tension acts on skin tissue and increases the differentiation of skin tis-
sue cells and the proliferation of vascular networks. Mechanical forces affect the 
development of physiological and pathological tissues and the formation of new 
blood vessels. At present, many studies have actively explored to know the ap-
plication of mechanical biological processes to control angiogenesis in living 
tissues [12]. Under the action of tension, the skin blood vessels will have some 
morphological changes. The tension produced by tissue dilatation causes sym-
pathetic nerve rupture, that is, desympathetic innervation, which leads to the 
repositioning and dilatation of hypoxic blood vessels in the tissue. Traffic branches 
open, capillary alternate opening increased, blood flow speed increased, similar 
to flap delay phenomenon. Therefore, it can be considered that tissue dilatation 
is a delayed form of flap, a repeated mechanical dilatation process for the dilated 
flap, and a continuous hypoxia training process for the flap. Animal experiments 
have confirmed that the microvascular diameter of the dilated skin increases pe-
riodically, and the increase of microvascular density increases linearly in a cer-
tain period of time. The ischemia caused by tissue dilatation induces the angi-
ogenesis of the flap (Figure 2). 

Vascular reconstruction caused by tension is a complex process, including the 
synergistic expression of angiogenic factors and receptors, as well as the regula-
tion of oxygen in tissues and the direct effect of mechanical pull on living tissues. 
Discussion of flap vascular changes caused by dilator dilation [13], Besides ob-
serving the vascular diameter and its distribution density, it is mainly the effect 
of tissue ischemia and hypoxia caused by mechanical tension on vascular 
changes, and the observation of these changes requires the observation of rele-
vant factors, cell expression and changes through specific detection methods to  
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Figure 2. Tension-free suture. 

 
indirectly reflect the changes of blood vessels. At present, the relevant factors are 
involved in the regulation mechanism of the vascular change process of dilated 
flap [14], and the results and mechanisms of the interaction need to be further 
studied. Therefore, we believe that the main direction of this field is to extract 
more specific angiogenic factors in dilated flaps, which provides a new basis for 
the mechanism of further dilated flap angiogenesis. 

4. Conclusion 

Our experience is that the wound tension can affect wound healing. Therefore, 
in order to ensure good healing of suture wound, it is necessary to minimize su-
ture tension. Previous studies have shown that skin tissue tension around the 
wound has a significant effect on wound healing. The microtubules and microfi-
laments of tissue repair cells tend to the direction of local tissue tension line, 
which affects the direction of wound contraction and cell migration. Reducing 
tension can not only promote the growth of immune cells, but also promote the 
regeneration of blood vessels, tissue regeneration accelerates and can also reduce 
scar formation. Hyperplastic scar is pathological scar caused by excessive syn-
thesis and deposition of collagen [15]. Skin mechanical tension can cause fi-
broblast proliferation and transformation through various mechanisms, regulate 
protein excretion, inhibit apoptosis, induce pathological scar formation, and 
promote its proliferation and expansion. Tension-related therapy, surgical inci-
sion design, suture, and skin tensioner, wound tape, pressure treatment can ef-
fectively inhibit scar hyperplasia and avoid the occurrence and recurrence of 
pathological scars and promote skin regeneration. 
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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. 
 

Keywords 

Breast Reconstruction, Acellular Dermal Matrix, ADM, Direct-to-Implant, 
DTI, Immediate Breast Reconstruction, IBR, Breast Cancer,  
Skin Sparing Mastectomy, EPIFLEX, Strattice, BRAXON 

 

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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