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ABSTRACT
Aims: In the treatment of chronic wounds, tissue growth must be addressed and optimized. The purpose of this study is to 
investigate the use of the regenerative medicinal product Fetal Bovine Acellular Dermal Matrix (FBADM) in chronic wounds. 
Methods: The patients were chosen sporadically and randomly based on availability to FBADM. Patients were assessed for 
adequate perfusion, debridement was performed, and wounds were ensured to be free of infection. FBADM was placed in 
the wound bed covered with a non-adherent contact layer, and a hydrogel sheet was placed to maintain adequate moisture. 
Offloading or compression was used as clinically indicated. Patients were then followed weekly. Digital photography was used 
to visually document healing progress. 
Results: After 1-3 weeks wounds managed with FBADM had improved characteristics and healthy vascularized tissue that 
subsequently epithelialized from wound margins or grafted with split thickness skin grafts. Of the 14 wounds we achieved 
69% complete healing, 24% non-complete healing after 12 weeks of FBADM application. 7% of the wounds needed skin graft 
surgery.
Conclusion: We found FBADM to be useful for treatment regimen of diabetic foot and leg ulcers, venous leg ulcers, surgical 
wounds, and wounds being prepared for skin grafting. 
Keywords: Chronic wounds, extracellular matrix, tissue engineering, skin substitutes

INTRODUCTION
FBADM is a dermal repair scaffold composed of natural 
dermal collagen fibers. The use of FBADM has been 
reported to promote healing of a range of wound types. 
The purpose of this study is to evaluate clinical usefulness 
and gain experience with FBADM in chronic recalcitrant 
wounds. A retrospective study of thirteen complex 
patients with difficult to heal full-thickness 14 chronic 
wounds is presented. Subjects have been retrospectively 
investigated through their charts. 

In order to understand wound healing, it is necessary to 
master the healing phases.1,2 Not all wounds complete 
their healing phase completely or at all. Factors such 
as the etiology of the wound, infection status, vascular 
adequacy, medical or surgical intervention may play 
a role in this. Healing process is divided into five 
components of hemostasis, inflammation, proliferation, 
contraction and remodeling. Hemostasis begins as soon 
as the wound is formed, along with bleeding. Although 
vasoconstriction decrease the blood loss enough blood 
is released in the wound to stimulate Hageman factor 

(XII) to initiate the clotting cascade.3 Blood fibrinogen 
converts to fibrin.4 The fibrin cell forms a pathway 
for cell migration, primarily fibroblasts. Fibroblast 
is one of the major cells in the proliferative phase of 
wound healing.5 Hemostasis also creates a protective 
layer, minimizing the risk of infection and creating the 
optimum environment for the subsequent healing phases. 
In the subsequent inflammatory phase, vasoconstriction 
is replaced by vasodilation. Vasodilation is the result 
of prostoglandin, nitric oxide and other inflammatory 
mediators in the environment. As plasma fluid fills 
the interstitial space, migration of white blood cells 
and diapedesis occur.6 In the first 2 phases of wound 
healing, bleeding was stopped, the wound was debrided, 
and infection control was achieved. In wounds without 
a delay in healing, the proliferative phase should start 
after a few days. In this phase, proliferative cytokines 
(PDGF, interleukin1, fibroblast growth factor and 
chemoattractant (transforming growth factor beta) take 
part and prepare wound healing for the next phase by 
mobilizing fibroblasts and multiplying them.7 The main 
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effective cell in the contraction phase fibroblast more 
specifically is myofibroblast. It involves the reduction of 
the wound in size.8 TGF b is very important in the natural 
process of the contraction phase. In remodeling phase 
the wound is characterized by a high level of metabolic 
activity. The remodeling phase is different from other 
phases. Hemostasis may take minutes, inflammation 
days, and proliferation weeks, the remodeling phase may 
continue for months or years. Initial mixture of Type1 
and Type3 collagen density slowly changes into a wound 
with mainly Type1 collagen.3 

This study aims to characterize the effectiveness of using 
regenerative medicinal product FBADM in chronic 
wounds, as well as to determine the ability of this matrix 
to facilitate normal tissue regeneration.

METHODS
A retrospective study of thirteen patients with recalcitrant 
chronic wounds treated in our advanced wound care center 
is presented. Subjects have been retrospectively evaluated. 
This study was initiated with the approval of the Clinical 
Researches Ethics Committee (Date:19.06.2015, North 
Carolina, Decision No: 00033880). All procedures were 
carried out in accordance with ethical rules and principles 
of the Declaration of Helsinki.

Patients with diabetic and venous wound etiologies 
were treated in our advanced wound care center. The 
patients were chosen sporadically and randomly based 
on availability to FBADM. This research is done with 
13 subjects with 14 non-healing wounds those FBADM 
have been applied in our wound care center. 

Patients were assessed for the inclusion and exclusion 
criteria listed below.

Inclusion criteria:
1. Be over 18 years old
2. Absence of infection according to American Society 

of Infectious Diseases criteria
3. Adequate vascular circulation (in the last 60 days)

a. Ankle-brachial index between (ABI) 0.7-1.2

Exclusion criteria:
1. Be under 18 years old
2. Lack of adequate vascular circulation, ABI <0.7->1.2
3. Presence of infection according to American Society 

of Infectious Diseases criteria
FBADM was placed in the wound bed covered with a non-
adherent contact layer, and a hydrogel sheet was placed to 
maintain adequate moisture. Offloading or compression 
was used as clinically indicated. Patients were then 
followed weekly. Demographics, wound etiology, wound 

dimensions, and associated comorbid conditions and 
complications were recorded. Digital photography was 
used to visually document healing progress. 

Case 1: Post-Operative Dehiscence after Left Achilles 
Tendon Repair Subject
53 y\o white male with type 2 diabetes mellitus (DM) and 
peripheral venous insufficiency. PVI developed a wound 
over his left posterior Achilles after an Achilles tendon 
repair and heel spur resection surgery. The patient 
developed partial dehiscence over incision with exposed 
tendon. Sharp debridement was performed and post 
debridement measurements of wound were 5 cm×1.5 
cm×1.2 cm with an area of 5.8 cm2 (Figure 1). After one 
week of FBADM application the wound demonstrated 
healthy granulation tissue and had filled significantly. 
During the entire follow up time he was treated with 
multi layer compression wraps as well. At 8 weeks entire 
exposed tendon area was covered with granulation 
tissue (Figure 2). After 12 weeks the wound had totally 
reepithelialized (Figure 3).

Figure 1. Wound presentation

Figure 2. 8 weeks after FBADM application
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Figure 3. 12 weeks, complete re-epithelization

Case 2: Mixed Chronic Diabetic and Venous Leg Ulcer
41 y/o male with type 2 DM, morbid obesity, (Body Mass 
Index:38), presents with multiple wounds on both legs. 
Wounds have been present for the past 5 months. The 
patient has never received wound care but dry dressings. 
We decided to apply FBADM to the largest wound which 
located on left leg posterior which is filled with fibrotic 
tissue without any granulation, measured as 6.5cm x 11.5 
cm × 0.4 cm with an area of 58.7 cm2 (Figure 4). At one 
week after application (Figure 5) there was significant 
improvement in wound bed quality, healthy granulation, 
partially integrated FBADM and advancing epithelium at 
wound edges. Figure 6 (6 weeks) and Figure 7 (9 weeks) 
show rapid spontaneus epithelium advancing over 
wound bed from all edges. Patient had sporadic follow 
up due to personal issues he self reported the wound has 
healed approximately after 16 weeks. He applied to the 
wound care center after 24 weeks, the wound was totally 
healed with immature but intact epithelium (Figure 8). 
At 28 weeks wound was with mature epithelium, good 
quality healed skin (Figure 9).

Figure 4. Wound presentation

Figure 5. 1 week after FBADM application

Figure 6. 6 weeks

Figure 7. 9 weeks
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Figure 8. 24 weeks

Figure 9. 28 weeks

Sharp debridement was performed and FBADM was 
applied along with four layer compression bandage. 
Wound area has reduced to 25.7 cm2 and 0.2 cm2 at week 
4 and week 12 respectively without any complication.

RESULTS
Of the 13 patients, 69% were male, 31% female. 61% 
were white, 30% African-American, 9% Hispanic. 
Average body mass index (BMI) was 35.3, and median 
age was 57 (41 -77). Etiology was also varied, included 
diabetic foot or leg ulcers (46%), venous leg ulcers 
(peripheral vein insufficiency – PVI), 2 ulcers (15%) had 
mixed diabetic and venous insufficiency, other 2 ulcers 
(15%) had mixed venous and lymphedema etiology, 1 
ulcer was in context of sickle cell disease and venous 
insufficiency and 1 ulcer was caused by scleroderma 
and venous insufficiency (Table 1). 

Table 1. Subject demographics

Subjects 13

Age 57 +/- 9.7 (41-77)

BMI 35.3 +/- 2.6 (21-53)

Ethnicity

Caucasian 61%

Black 30%

Hispanic 9%

Gender

Male 59%

Female 31%

Etiology

DM 46%

PVI 38%

DM + PVI 15%

Lymphedema + PVI 15%

Sickle cell disease 7%

Scleroderma + PVI 7%

Wound chronicity was average 546 days. Including one 
of the patients had chronic ulcer of approximately 4 years 
(~1400 days) Excluding this patient, average wound 
chronicity was 73 days. Average ulcer size was 10.1 +/- 
4.3 sq. cm (Table 2).

Table 2. Wound characteristics

Wound age (days) 546±159

Wound area (cm2) 10.1±5.3

After 1-3 weeks wounds managed with FBADM had 
improved characteristics and healthy vascularized 
tissue that subsequently epithelized from wound 
margins or grafted with split thickness skin grafts. 10 
ulcers (69%) had complete healing with spontaneous 
epithelization in the follow up period until 12 weeks. 
One ulcer had improved wound bed characteristics 
becoming candidate for split thickness skin grafting 
at 4 weeks, and although the skin graft did not have 
100% take after surgery, the ulcer had healed in the 
following 6 weeks with wound care. This patient 
had a previously completely failed attempt at split 
thickness skin grafting. One patient (7%) had some 
improvement, but non-complete healing. One patient 
(7%) had no change and one (7%) had some increase 
in wound size (worsening) during the 12 weeks follow 
up period (Graph 1).
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Graph 1. Treatment results

DISCUSSION
Wound occurs as a result of deterioration of skin and soft 
tissue integrity by many mechanisms. Among the causes of 
chronic wound are factors such as insufficient angiogenesis, 
insufficient cell migration and insufficient innervation that 
interrupt the physiological healing process.9,10 

There is always a risk of recurrence in healed chronic 
wounds, especially diabetic foot ulcers.11 Extracellular 
matrix (ECM) is very important in wound healing. 
It provides structural support and is the largest 
dermal layer.12 In chronic wounds, the ECM is often 
insufficient. Application of ADM in chronic wounds can 
be an alternative to ECM.13,14 Since there is no cellular 
component in ADM, it does not produce an immunological 
response.15 ADM creates a favorable environment for 
cellular proliferation and vascularization.16 As a result 
of the contact of the ADM with the surrounding tissue, 
epithelialization and the formation of healthy granulation 
tissue can be triggered.17 It is predicted that extracellular 
matrix equivalents such as ADM are effective in comorbid 
patients with complex non-healing wounds,18,19 and 
will shorten the recovery time and increase the rate of 
recovery, and decrease the percentage of amputation, 
especially in patients with chronic neuropathic ulcers, 
compared to standard treatment.20 

Tissue engineering aim is to produce the product that 
will either increase the existing organ function or replace 
it by passing the materials through mechanical and 
chemical processes. Wound healing process, is a dynamic 
process in which the communication and relationships of 
intercellular, ECM and growth factors are effective after 
the disruption of tissue integrity.21 ECM consists of three-
dimensional space with structural proteins, laminins, 
proteoglycans, hyaluronic acid, collagens, fibronectins 
and elastins. In addition to being a structural support for 
cells, ECM binds to growth factors and is a reservoir for 
active molecules that are effective in cell proliferation and 

migration after loss of tissue integrity.22 In many chronic 
wounds, the increased number of inflammatory cells 
causes an increase in protease levels and breaks down 
and reduces ECM components, such as growth factors 
and proteins, which are essential in the healing process.23 

During ADM construction, all living cells are removed. 
These matrices or scaffolds provide a collagen structure 
for tissue remodeling. The purpose of removing viable 
cells is to prevent an inflammatory or immunological 
response.24 We can define the function of acellular 
matrices as a biological modulator that affects the 
biological process of wound healing.

ADM prepares a bed for cell growth and granulation 
tissue formation, contains receptors for fibroblasts to 
attach to tissue support, and stimulates angiogenesis. It 
contains and protects growth factors.25 When implanted, 
the ADM must be fully inserted into the wound. It is 
thought that ADMs provide normal wound healing by 
forming a biological cover.26,27 FBADM is rich in collagen 
type 3. This type of collagen has important role in 
proliferative stage of wound healing and in stimulating 
tissue regeneration processes. It is not denatured or 
cross-linked during manufacturing process.28 

In recent years, a wide range of skin substitutes has been 
developed. These products have been largely used as a 
reconstructive option for skin loss and defects in chronic 
wounds. Although an optimal skin substitute is not yet 
available, these products address the various challenges 
of wound healing.29 

FBADM remains morphologically identical to natural 
tissue structure, which provides a preferred environment 
for cellular migration and proliferation. The mechanical 
property of this matrix is similar to the adjacent 
environment.30 The main advantage of FBADM is 
represented by the lack of morbidity of the donor areas, 
less surgical time related to the procedure, and faster 
rehabilitation. These innovative biomaterials provide 
easier and less stressful possibilities for non healing 
wounds.31 This ECM derived from decellularized fetal 
bovine dermis intended for the treatment of non healing 
ulcers, second-degree burns, and surgical wounds, rich 
in type III collagen, which is the first type of collagen 
synthesized during both embryonic development and 
wound healing.32,33 In addition to providing elasticity to 
the ECM, type III collagen has been shown to promote 
migration of fibroblasts,34 and to be an essential regulator 
of ECM deposition and organization,35 FBADM becomes 
incorporated into the wound and rapidly degrades and has 
shown success for the treatment of acute full-thickness 
wounds.36 FBADM has several advantages relating to its 
source tissue and manufacturing process, which may have 
contributed to the limited inflammatory response.37 
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Despite all the FBADM benefits, complications such 
as hematoma, seroma, necrosis, and infection must be 
considered. Also, FBADM is an expensive product and 
this can make it unsuitable for many patients. More work 
should be done to achieve cheaper FBADM to make it 
a cost-effective choice. Another potential disadvantage 
of FBADM is its limited size options. The studies on 
FBADM is inadequate, and more research on the results 
of FBADM usage in chronic wounds is needed.

This study, included recalcitrant ulcers of various 
etiologies with overall satisfactory results. According to 
the findings FBADM can stimulate tissue regeneration 
and reset wound healing to allow progression through 
stage beyond the inflammatory phase where most of the 
wounds become chronic. 

CONCLUSION
We found FBADM to be useful for treatment regimen of 
diabetic foot and leg ulcers, venous leg ulcers, surgical 
wounds, and wounds being prepared for skin grafting. 
Future comparative and prospective evaluations are needed.
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