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Key Messages
• Burns still represent a reconstructive chal-

lenge in terms of adequate tissue coverage, 
prevention of scar contractures, restoration of 
skin functions, biomechanical strength, and 
aesthetic quality.

• The aim of tissue bioengineering is to create a 
scaffold that resembles as much as possible 
the original extracellular matrix (ECM), the 
natural support.

• A high resemblance between the engineered 
and the native tissues leads to the creation of a 
phenotype that follows the natural skin tone 
and is associated with healing process 
improvement.

• The poor mechanical performance of some 
biological skin substitutes limits their use, 

whereas synthetic ones have a passive role of 
cellular support but also one active in signal 
transmission.

• There are few studies on platelet-rich plasma 
application in burns showing it can be benefi-
cial in reducing inflammation and the amount 
of cell death in the zone of stasis, but its use is 
controversial.

• Adipose-derived stem cells (ADCs) have 
been shown to improve healing even in acute 
burns in various models although most of the 
studies have been limited to animal 
subjects.

• As ASCs have shown not to be significantly 
negatively affected by the post-burn inflam-
matory process, it may be possible to improve 
wound healing deficits with the use of topical 
stem cells.

• Peripheral blood mononuclear cells (PBMNC) 
have shown to enhance the regenerative effect 
of mesenchymal stem cells (MSCs), which on 
the other side can regulate the function of 
macrophages.

• MSCs regenerative capacity is influenced and 
regulated by the local immune response, par-
ticularly from the macrophages, as coordina-
tors of tissue repair and regeneration.

• The next generation of regenerative therapies 
may evolve from typical biomaterial-, stem 
cell-, or growth factor-centric approaches to 
an immune-centric approach.
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36.1  Introduction

Burn survival has improved significantly over the 
last few decades reflecting the major advances in 
burn surgery and care including improvements in 
the management of the initial resuscitation, inha-
lation injury, nutrition, and early excision and 
grafting.

Burns however still represent a reconstructive 
challenge for plastic surgeons, both in terms of 
initial adequate tissue coverage and, in the long 
term, of scar contractures prevention, restoration 
of function, biomechanical strength, and aes-
thetic quality, all of which can significantly affect 
the quality of life and societal reintegration of the 
burn survivor.

Traditional methods of ameliorating the path-
ological burn scarring are limited but the advances 
in biomaterials and future potential regenerative 
techniques in the reconstruction and improve-
ment of burn scars are exciting developments that 
harbor rich possibilities.

The purpose of this chapter, more than show-
ing techniques and clinical results, aim to stimu-
late the debate and new studies, taking into 
consideration different cellular therapies already 
used for other indications.

36.1.1  Depth Classification

Burns are injuries that can result in partial or 
complete destruction of the involved area and 
commonly are due to thermal injuries (most com-
monly hot liquids, flame, steam, or contact with 
hot surfaces) but may also be due to chemicals, 
electricity, and radiation.

Before embarking on any therapeutic proce-
dure, it is advisable to take into account all the 
parameters that may affect the severity of the 
burn.

The most important criteria for the classifica-
tion of burns and therefore, for the pronosis and 
the management of the burn patient, are the extent 
and depth of the burn.

The extent of the burn can be calculated on the 
basis of specific charts that codify in percentage 
the surface area of the various parts of the body. 

These percentages differ from child to adult: the 
most accurate and most commonly used chart is 
the Lund and Browder.

The surface area can be easily calculated, but 
in a more approximate way, with the “Wallace 
rule of nines.”

The classification of the severity of the burn 
injury also includes the depth of the burn, which 
is particularly important for determining the 
required management. When examining a burn, 
there are four components required to assess 
depth: appearance, pressure blanching, pain, and 
sensation. Burns can be classified according to 
thickness according to the American Burn 
Association criteria using these four elements.

Burn injuries however are in a dynamic state 
and can evolve over time. In fact, some burns, in 
particular with partial thickness, can progress 
within 2–4 days.

Burns depth classification is as follows:

• Superficial (first degree) are characterized by 
vasodilation and edema and by an increase in 
permeability of capillaries with leakage of 
water, salts, and proteins, thus producing a dif-
fuse erythema. The skin flaking that follows 
usually resolves in a few days.

• Partial superficial thickness (second degree) 
burns involves the superficial, strongly hyper-
emic dermis, presenting vesicles or blisters. 
Healing generally occurs within 3 weeks with 
minimal scarring [1].

• In deep partial thickness or deep dermal burns 
(second degree), complete destruction of the 
epidermis and deep dermis are present. 
Healing times vary from 15 to 21 days for re- 
epithelialization starting from the bottom of 
the annexes.

• Burns of the full-thickness skin (third degree) 
are characterized by the formation of eschar, 
with very little possibility of spontaneous re- 
epithelialization and usually require surgical 
treatment.

With deep dermal and full-thickness burns, 
the dermal layer of the skin which contributes 
significantly to the appearance, robustness, pli-
ability, and functionality of skin is mostly or 
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completely lost. Solely split skin grafting does 
not regenerate the dermis and results in both in 
poor aesthetic and functional outcomes but the 
use of biomaterials and stem cells can potentially 
restore the dermal layer and lead to greatly 
improved outcomes.

36.1.2  Traditional Treatments

The emergency period, which corresponds to the 
first 48–72  h from the accident, represents the 
most critical moment for the burn patient: short- 
and long-term prognosis is closely related to the 
treatment to which the patient is subjected to dur-
ing this crucial time frame.

First aid treatment of burns—Current rec-
ommendations for the initial first aid treatment of 
burns includes keeping the burn wounds cool at 
around 15  °C for 20  min. Water from 2  °C to 
15 °C reduces pain, helps prevent damage to tis-
sue in the stasis zone, and improves the appear-
ance and thickness of the resulting scar.

Initial assessment—After the establishment 
of both the extent and depth of burns, the initial 
assessment is based upon the examination of the 
patient’s cardiocirculatory and respiratory status.

Urgent therapy—It is therefore primarily 
addressed to airway treatment and immediate 
fluid replacement. It is essential to treat, where 
present, possible inhalational damage. These can 
be characterized by upper airway edema, acute 
respiratory failure, and carbon monoxide 
intoxication.

Protein Loss—Significant intravascular pro-
tein loss occurs in the burn patient due to endo-
thelial rupture of damaged vessels. Endothelial 
integrity is restored in the first 24 h, and thereaf-
ter the use of 5% albumin according to the 
0.5  mL/kg/% TBSA formula may be useful to 
maintain the balance between the extracellular 
and intravascular space and reduce mortality and 
compartment syndrome [2].

Infection risk—Burn injury damages the skin 
which is the first barrier against infection. 
Additionally, necrotic tissues are a fertile ground 
for bacterial growth, which together with the 
immunosuppressed state of the burn patient con-

tribute greatly to the risk of wound infection and 
sepsis which, if not optimally managed, can lead 
to the death of the patient. Infections are in most 
cases caused by streptococci and in particular by 
Streptococcus pyogenes and Streptococcus aga-
lactiae, which are fortunately responsive to 
Penicillin. However, infections and consequent 
sepsis today are the most common cause of death 
(about 50–84%) in burn patients [3].

Treatment of local injuries—The only abso-
lute surgical procedure that needs to be per-
formed in an acute burn patient is a decompression 
escharotomy. These are indicated in all circum-
ferential full-thickness burns that are present on 
the trunk and extremities: the presence of burn 
edema in the interstitial spaces in these anatomi-
cal areas can lead to respiratory failure or isch-
emia at the extremities.

Treatment of superficial burns—Epidermal or 
first-degree burns: These do not require special 
therapies. Emulsions and ointments based on cor-
tisone, antihistamines, and including anesthetic 
agents can be used for anti-inflammatory or 
symptomatic purposes to relieve itching and pain.

Superficial or superficial grade dermal burns: 
it is possible to clean burnt surfaces with disin-
fectants that are not overly toxic to cells and fol-
lowed subsequently with the application of a thin 
layer of vaseline gauze covered with normal 
gauzes and bandages. It is advisable to refrain 
from using ointments containing anesthetic 
agents or non-sterile preparations.

Treatment of deep burns—The treatment of 
burns by early removal of necrotic tissue and 
immediate coverage with skin grafts is the cur-
rent standard of care for the treatment of deep 
burns. The technique of tangential excision, when 
first introduced in 1970 by Zora Janzekovic, rev-
olutionized burn surgery [4]. Her technique 
involved the removal of most of the necrotic tis-
sue, by means of tangential excision which was 
more precise compared to previous surgical exci-
sion techniques and preserved a greater amount 
of underlying vital tissue, and the immediate cov-
erage of wounds with skin grafts. A fundamental 
principle was to abandon the idea that the burn 
wounds could heal on its own and that early 
removal of necrotic tissue was instead necessary, 
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without waiting for the sequelae of infection. The 
covered and grafted areas recover in a few days, 
unlike those left uncovered that tended to dry out 
and not heal. This innovative therapeutic 
approach showed that, when the excision and clo-
sure of the wound was carried out early, survival 
increased and hospitalization decreased, particu-
larly in children (2–4 years).

The rationale behind the early surgical treat-
ment was the drastic decrease in the release of 
inflammatory mediators and bacterial coloniza-
tion of wounds led to a decrease in the systemic 
inflammatory response by reducing metabolic 
alterations, sepsis, and the risk of multi-organ 
failure.

The most important limitation of this new 
approach was the massive blood loss associated 
with early surgical intervention, the difficulty of 
an accurate early diagnosis of burn depths, and 
the availability of adequate wound cover such as 
with donor skin. However, the successive and 
notable improvements in terms of resuscitation 
therapy, the development of epidermal substi-
tutes, and advanced medications to be used as 
temporary coverage of the lesions, have allowed, 
over the last 30 years, a wide and universal spread 
of this new approach which, to date, represents 
the standard of care in the treatment of burns.

Moreover, to prevent surgery-related compli-
cations, several non-surgical (e.g., mechanical) 
and enzymatic debriding were introduced and 
nowadays their usage is spreading in burns 
surgery.

The enzymatic debridement uses proteolytic 
enzymes derived from microorganisms or plants, 
sometimes enriched with other substances and 
with rapid and selective action. The advantage of 
enzymatic debridement lies in the possibility of 
not sacrificing large areas of vitality and in the 
efficacy and rapidity of the intervention; how-
ever, it does not represent the gold standard in the 
treatment of burns due to the variability of the 
response.

Recently, the use of bromelain has been 
introduced for the chemical debridement of 
deep burns through the application of a gel kept 
in place with a compressive dressing for 4  h. 
This treatment can be performed at patient’s 

side, after analgesia with sedation. After this 
treatment, all wounds are subjected to an evalu-
ation of the effectiveness (% of eschar removed) 
and a new evaluation of the % of deep and 
superficial burns, on the basis of the direct visu-
alization of the vital structures possible after 
enzymatic debridement. More independent 
research and adequate reporting of adverse 
events are necessary in order to address issues 
like indications, pain management and anesthe-
sia, timing and technique of application, after-
intervention care and others.

36.2  Tissue Engineering

Introduced by the Washington National Science 
Foundation at a meeting in the 1987, the term 
“Tissue Engineering” refers to a multidisci-
plinary area of research that aims to regenerate 
damaged tissues and organs, with the assumption 
that almost all animal cells can be grown in the 
laboratory [5]. Wound healing was the first appli-
cation of the field of tissue engineering tech-
niques and is still one of the most studied areas 
clinically.

The general principle of tissue engineering is 
to harvest stem cells from the same patient who is 
in need of a transplant, and allowing the cells to 
grow and differentiate on a synthetic matrix in 
order to reproduce faithfully and three- 
dimensionally the tissue or organ that is required 
to be replaced; and finally to implant the newly 
grown tissue or organ into the patient.

The cells used for regeneration and tissue 
repair can come from:

• embryonic stem cells (up to the eighth week 
of gestation)

• fetal stem cells (from the eighth week)
• umbilical cord stem cells
• adult stem cells (e.g., from bone marrow).

These cells have “plasticity” that is the ability 
to give rise to cells and tissues different from the 
original. An example of this would be stem cells 
present in the bone marrow that can differentiate 
into hepatocytes and bile duct cells.
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Stem cells can be divided into different cate-
gories based on their ability to differentiate:

• Totipotent: potentially capable of creating any 
type of tissue. They can potentially create a 
complete organism.

• Pluripotent or multipotent: they can develop a 
wide range of tissues and specific cells, but 
they are unable to develop into a complete 
organism.

• Unipotent: partially differentiated cells that 
can develop a single cell line.

Stem cells can also be divided according to the 
source of the cells. Autologous cells are from the 
same person (autografts); allogenic or homolo-
gous cells are from the same species (allographs), 
and heterologous cells are from different species 
(xenografts, e.g., porcine for humans). When 
possible, the first choice for donors is autologous 
cells as allografts and xenografts may present 
infection, rejection, and sample safety problems.

36.2.1  Skin Substitutes

Biomaterials are defined as substances that have 
been engineered, either alone or part of a com-
plex system, to interact with and direct biological 
systems for medical purposes be it diagnostic or 
therapeutic [6]. Skin substitutes are an example 
of biomaterials that have been developed over the 
past few decades mainly in the field of burns due 
to the need of burn victims of large amounts of 
tissue to be able to cover large burn wound sur-
faces and immediate availability. The develop-
ment of skin substitutes can be traced back to 
1979, where Rheinwald and Green proposed to 
use keratinocytic lamina cultures, cultivated 
according to the method rigorously developed by 
them 4 years before, for the treatment of skin tis-
sue defects [7].

Although skin substitutes can vary greatly in 
terms of their composition and structure, they 
typically have dual functions; the immediate 
cover of wound beds to replicate the barrier func-
tion of the skin and prevent infections and to act 
as a matrix and scaffold for proliferating cells 

that allow faster healing and better structured 
replacement tissue.

A scaffold is a three-dimensional matrix that 
acts as a support for anchor-dependent cells, i.e., 
these cells perform their function only after hav-
ing adhered to a substrate and is dependent on the 
substrate for their proliferation and differentia-
tion, thanks to specific mechanical characteristics 
which are variable specific to different tissues. 
Isolated cells lack the ability to maintain the 
architecture of the tissue because they have no 
support to guide their growth. Furthermore, using 
such a scaffold, it is sufficient for a lower number 
of cells to cover even very large areas, an impor-
tant aspect especially in the harvesting of autolo-
gous cells.

The aim is to create a scaffold or support that 
resembles as much as possible the natural and 
original extracellular matrix (ECM). The ECM is 
a complex porous structure consisting of gelati-
nous and viscous material. In fact, it is believed 
that an increased resemblance between the engi-
neered tissue and the native tissue leads to the 
creation of a phenotype that follows the natural 
skin and is associated with an increase of the 
healing process.

Native ECM is formed of a network of hetero-
polysaccharides and fibrous proteins where sig-
nificant amounts of interstitial liquid, especially 
water, are retained. These fiber weaves act as a 
support and protection for the cells and allow the 
tissue to retain its form. Pores in the ECM allow 
nutrients, metabolism products, and oxygen to 
diffuse to and from each cell. The structural role 
of the ECM is accompanied by an active task in 
signal transmission: the matrix, in fact, regulates 
the development, migration, proliferation, shape, 
and function of cells in close contact with it.

From a general point of view, skin substitutes 
can be classified as biological, semi-synthetic, 
and synthetic skin substitutes:

• Biological skin substitutes are represented by 
autografts, allografts, and xenotransplanta-
tion. An example of this would be laminae 
cultures of keratinocytes.

• Semi-synthetic skin substitutes consist of an 
engineered extracellular matrix that acts as a 
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scaffold for tissue regeneration and incorpo-
rates cells or purified elements of animal and/
or human origin.

• Synthetic skin substitutes, also known as non- 
biological skin substitutes, consist exclusively 
of fully engineered matrices. Synthetic scaf-
folds can contain both natural components 
(such as polypeptides, hydroxyapatite, hyal-
uronic acid, glycosaminoglycans (GAGs), 
fibronectin, collagen) and synthetic compo-
nents (such as polyglycolic acid, polylactic 
acid, polyurethane (PUR)).

Biological and synthetic skin substitutes have 
their advantages and disadvantages. The poor 
mechanical performance of some biological skin 
substitutes limits their use as scaffolds. Whereas 
synthetic substrates, on the other hand, can be 
customized to maximize mechanical perfor-
mance and can be enhanced further with the addi-
tion of growth and adhesion factors that direct the 
neoformation of the tissue, so as to create a sup-
port characterized not only by a passive role of 
cellular support, but also one active in signal 
transmission.

Skin substitutes can also be distinguished via 
the presence or absence of cells (cellular and 
acellular):

• Acellular skin substitutes are substitutes in 
which, by removing the cellular component, 
we obtain a scaffold of collagen, hyaluronic 
acid, and fibronectin.

• Cellular substitutes contain living cells, such 
as keratinocytes and fibroblasts, inside the 
matrix. These cells can be autologous, alloge-
neic, or obtained from other species.

Finally, according to the skin layer that is 
replaced, skin substitutes can be divided into 
three major categories: dermal, epidermal, and 
dermo-epidermal. Epidermal substitutes require 
a biopsy from which keratinocytes are isolated 
and cultured on fibroblasts. A large number of 
dermal substitutes are currently available on the 
market or in the experimentation phase. Dermal 
substitutes give greater stability to the wound, 
preventing it from contracting. Dermo-epidermal 

substitutes are also called full-thickness substi-
tutes and are composed of both the epidermal and 
dermal layers. Autologous fibroblasts and kerati-
nocytes are used in their preparation allogeneic.

With its useful properties of immediate wound 
coverage and protection, cell recruitment and 
survival, scaffolding function and advantages 
that endear them to clinical usage (e.g., ease of 
use, tear resistance), the field of use of skin sub-
stitutes have expanded considerably and have 
been expanded beyond their use in burns to other 
areas such as the treatment of chronic arterial or 
venous ulcers. Table 36.1 shows the structure and 
composition of the main skin substitutes avail-
able on the market. The various biomaterials dif-
fer greatly from one to another in terms of 
template composition, sizes available, also the 
relative cost of the material.

36.2.2  Author’s Practice

In our practice, we use a semi-synthetic acellular 
dermal substitute which is INTEGRA® Dermal 
Regeneration Template. It can be meshed and 
non-meshed and it is available in two types:

• Integra® Dermal Regeneration Template 
Single Layer (Integra® DRT SL) is a porous 
matrix of cross-linked bovine tendon collagen 
fibers and a glycosaminoglycan (chondroitin- 
6- sulfate), manufactured with a controlled 
porosity and defined degradation rate. It acts 
as a scaffold for proliferating cells, and it is 
used as a one-staged procedure with skin graft 
apposition.

• Integra® Dermal Regeneration Template 
Double Layer (Integra® DRT DL) is a bi- 
laminar dermal substitute that consists of the 
same wound facing layer of IDRT-DL and a 
top removable layer of silicone (polysiloxane) 
which mimics the epidermal layer of skin. The 
silicone sheet acts as a protective barrier 
against infection and controls moisture loss 
from the wound.

Integra® facilitates the formation of functional 
neo-dermis. It acts as a support for proliferating 
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Table 36.1 Types of skin substitutes classified according to their origin (biological, synthetic, or combination) and the 
layer of skin which they replace

Category Name Company
Reconstructed 
layer Description

Biological Epicel® Genzyme Tissue 
Repair Corporation, 
Cambridge, MA, USA

Epidermis Epidermal substitute composed of 
autologous keratinocytes cultured used as 
permanent cover in all wounds thick or 
partial.

Alloderm/
Strattice®

LifeCell Corporation, 
Branchburg, NJ, USA

Dermis Acellular dermal matrices obtained from 
human cadaveric donors and lyophilized. 
It serves as a scaffold for tissue 
remodeling. Autologous keratinocytes can 
be seeded on Alloderm to form an 
epithelium and together these can be used 
to close ulcers and burns. As a result of its 
use on the bed of the wound, Alloderm has 
been found to be useful for promoting 
neovascularization and cellular infiltration.

Laserskin® Fidia Advanced 
Biopolymers, Abano 
Terme, Italy

Epidermis 
and Dermis

Composed of keratinocytes and fibroblasts 
autologous on a microperforated 
biodegradable matrix of a benzyl ester of 
hyaluronic acid.

Semi- 
synthetic

Transcyte® Shire Regenerative 
Medicine, Inc., San 
Diego, California, 
USA; Smith & 
Nephew, Inc., Largo, 
FL, USA

Epidermis Composed of human allogeneic fibroblasts 
cultured on silicone covered by one 
scaffold formed from a nylon net and put 
in culture ex vivo for 4–6 weeks. It is 
often used as a temporary cover for partial 
or full-thickness burns after excision.

Dermagraft® Shire Regenerative 
Medicine, Inc., San 
Diego, California, 
USA

Epidermis A derivative of Transcyte, a substitute 
composed of live allogeneic fibroblasts, 
incorporated in a bioresorbable 
polyglycolic network which secretes 
extracellular matrix, proteins, collagen, 
growth factors, and cytokines at the 
wound site; it is then replaced with a live 
dermal substitute.

Apligraf® Organogenesis, 
Canton, MA, USA

Epidermis 
and Dermis

An allogeneically derived bi-laminar 
matrix similarly to a microscopic layer of 
skin. More specifically, it consists of an 
underlying layer dermal type 1 bovine 
collagen combined with human fibroblasts 
and from a top layer that consists of 
human keratinocytes with granulocyte / 
macrophage colony-stimulating factors. 
Apligraft was used for permanent 
coverage of chronic wounds (such as those 
from diabetic foot) wounds surgical, 
pressure ulcers, of neuropathic derivation, 
or of venous insufficiency. Apligraft to 
in vitro observation generates structural 
elements of the extracellular matrix that 
include modulators tissue inhibitors of 
metalloproteinases and fibronectin.

(continued)
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cells promoting the addition of collagen and elas-
tin for the formation of a new dermis and new 
vessels. It guides the formation of an autologous 
matrix replacing the synthetic one, which is com-
pletely biodegradable. The regeneration process 
is showed in Figs. 36.1–36.7.

We apply Integra® DRT SL and skin graft in a 
single surgical step at the time of the debridement 
whereas Integra® DRT DL application is a two- 
stage process wherein the first step, after scar 
excision, it is rinsed with saline and then inset 
onto the wound and secured. Hence, the collagen 

Table 36.1 (continued)

Category Name Company
Reconstructed 
layer Description

OrCel® Forticell Bioscience, 
New York, NY, USA

Epidermis 
and Dermis

A composite matrix made of keratinocytes 
and dermal fibroblasts cultured in separate 
layers within a porous collagen bovine 
sponge type 1. It is used in patients 
suffering from dystrophic epidermolysis 
bullosa undergoing surgical reconstruction 
and in donor sites for autograft in burn 
patients.

GraftJacket® Wright Medical 
Technology, Inc., 
Arlington, TX, USA, 
licensed by KCI USA, 
Inc., San Antonio, 
Texas, USA

Epidermis 
and Dermis

An acellular derivative of human dermis, 
it has been shown to facilitate and 
accelerate the healing process, reducing 
the depth and initial size of the wound.

Permaderm® Regenicin, Inc., Little 
Falls, NJ, USA

Epidermis 
and Dermis

A newer product that acts as a substitute 
permanent skin in the cover of large burns 
and is composed of keratinocytes and 
autologous fibroblasts cultured on a 
bovine collagen scaffold.

Synthetic Matriderm® MedSkin Solution Dr. 
Suwelack AG, 
Billerbeck, Germany

Dermis A three-dimensional compound matrix 
from structurally intact native collagen 
and elastin fibrils to support dermis 
regeneration. The collagen is type I, III, 
and V derived from bovine dermis. Elastin 
is obtained from the nuchal ligament after 
hydrolysis. It acts as a scaffold in skin 
reconstruction and modulates the 
formation of scar tissue.

Integra® 
dermal 
regeneration 
template 
(DRT)

Integra® Lifesciences 
Corporation, 
Plainsboro, NJ, USA

Dermis An example of a composite skin graft. It is 
composed of an outer layer of silicone and 
type 1 cross-linked bovine collagen to a 
dermal matrix of glycosaminoglycans 
(GAG). Once the dermal layer has 
regenerated, the silicone layer is removed 
and the wound is closed with one thin 
layer of skin graft on the neo-dermis. 
Integra® is also available in Single Layer 
of matrix, used for permanent coverage 
combined with the skin graft.

Biobrane® Smith & Nephew, St. 
Petersburg, FL, USA

Dermis A dermal substitute for synthetic dermis 
temporary composed internally of nylon 
and silicone with bovine collagen used for 
coverage temporary partial burns and 
full-thickness burns.
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matrix action starts with fibroblasts and endothe-
lial cells migration and growth, the bovine colla-
gen is replaced by endogenous collagen, which 
forms the new dermal layer. Once this occurs 
(usually within 3–4 weeks), in the second surgi-
cal step the silicone layer is removed and an 
autologous skin graft is applied to the surface of 
the new dermis.

Compared to other biomaterials as well as tra-
ditional skin grafts, the benefit of the use of 
INTEGRA® template in reconstruction includes:

• More physiological wound closure with 
thicker dermal layer rebuilds and higher skin 
elasticity results.

• More permanent regeneration of dermal skin.
• Thinner skin grafts required, almost half 

thickness of a standard split thickness skin 
graft, resulting in less scarring and faster heal-
ing at the donor site which can be harvested 
more frequently and in a second surgical step 
as for no immediate need.

• It is possible to check the regeneration prog-
ress through the silicon layer color change 
(Fig. 36.2).

• Patients can begin rehabilitation with Integra® 
template in place.

• No reports of rejection. The results have been 
confirmed by frequent patient follow-up over 
a 10-year period. Risks with Integra® include 
take root failure of the matrix or of the skin 
graft and infection.

36.3  Regenerative Challenges—
New Frontiers

Significant research is underway to further 
unlock and expand the use of different technolo-
gies and different cells are being investigated for 
their potential use in wound healing. Here, we 
propose three regenerative approaches already 
object of study and clinically used in some fields, 
that can be interesting to be considered also in 
acute burns for different reasons correlating 
some  characteristics of burns with specific cel-
lular therapies effects (Figs.  36.3, 36.4, 36.5, 
36.6, and 36.7).

DAY 0

DAY 1

DAY 1

DAY 7-14

DAY 21

DAY 21

DAY 25-56

Fig. 36.1 INTEGRA® DRT REGENERATION 
PROCESS—DAY 0: initial situation. DAY 1: 
Debridement and application. Immediately fluids start 
to invade the matrix. DAY 7–14: New dermis and vascu-
lar network formation. Fibroblasts, lymphocytes, and 
macrophages begin migrating into the matrix followed by 
endothelial cells and the template collagen gradually bio-
degrades, and thus it is replaced by organic collagen. DAY 
21: Silicon removal and thin epidermal Autograft. 
(0.1016–0.1524 mm). DAY 25–56: Regenerated skin
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36.3.1  Platelet-Rich Plasma (PRP)

PRP is a suspension of platelets and leucocytes 
which also contains various growth factors 
(including TGF-β1, EGF, etc.) and is prepared by 
the way of multiple centrifuges of autologous 
blood. PRP has the potential to stimulate and 
enhance healing as it can stimulate angiogenesis 
and promote fibroblast proliferation; therefore, it 
has its application in wound healing. However, 
there are currently few studies on its application 
in burn patients. Animal studies however have 
shown that PRP can be beneficial in reducing 
inflammation and limiting the amount of cell 
death in the zone of stasis [8]. Its benefits are not 

limited to the acute wound healing phase either 
as studies have shown benefits with PRP in post- 
burn scars such as the relief of post-burn neuro-
pathic pain [9].

Autologous platelet-rich gel (APG) is a modi-
fication of PRP and is prepared by mixing up 
PRP, thrombin and calcification factors in differ-
ent ratios to form a gel which then can be applied 
to wounds [10]. At present however, the clinical 
benefits of APG on patients with deep grade II 
burn wounds is still controversial.

A great obstacle in the advancement of PRP 
use in burns is the high variety in available PRP 
products, preparation procedures and the content 
of the PRP itself [11]. Furthermore, platelets in 

a b c

Fig. 36.2 REGENERATION PROCESS EVALUATION—it is possible to appreciate the current state of a lesion 
through the color change of the neo-dermis under the silicon layer. It turns from red to pink to orange-peach to vanilla

a b c

Fig. 36.3 CLINICAL CASE—10% third-degree chem-
ical burn of the face in a 36-year-old female patient. (a) 
Preoperative view: Initial situation. (b) Intraoperative 
view: early surgical debridement and skin grafts in 1 step. 
(c) Postoperative view: result at 3 weeks. We can see there 

were already scar contractures of the eyelids with closing 
difficulties of the rim and of the lower lip with labial 
incontinence. Scars were treated with excision and use of 
dermal skin substitute in further steps
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a b

c d

Fig. 36.4 CLINICAL CASE—30% third-degree chem-
ical burn of the head and the neck in a 70-year-old cardiac 
patient. (a) Preoperative view: Initial situation. (b) 
Intraoperative view: early surgical debridement of the 
necrotic tissue showed a bone exposure. (c) Intraoperative 
view: INTEGRA® DRT fixation in 1 step at the debride-

ment time; at day 21 the biomaterial was removed and a 
split thickness skin graft was placed in a second surgical 
step. (d) Postoperative view: result at 2 months. Unlike 
the previous clinical case (Fig. 36.1) we achieved the skin 
closure with no scar contractures, thus no further surgical 
treatment was required
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burn patients are affected by the significant 
inflammatory response these patients tend to 
exhibit [12] but it is not known if this affects the 
efficacy of the PRP.  Thus, further research is 
required to advance the use of PRP in burns.

36.3.2  Adipose-Derived Stem Cells 
(ASCs)

Fat tissue has been widely used in wounds and 
burn scars management, considering the fact that 
it is an ideal source of stem cells, it is available in 

large quantities and that the harvesting procedure 
is relatively simple and safe even in patients with 
extensive burns. Furthermore, some studies have 
also shown that ASCs are not significantly nega-
tively affected by the post-burn inflammatory 
process [13].

Enzymatic digestion with collagenase sepa-
rates the harvested fat tissue into two fractions: a 
top layer of mature adipocytes and a bottom layer 
of cells termed the stromal vascular fraction 
(SVF). This SVF fraction is a rich source of 
human adipose-derived stem cells (hASCs) 
which are mesenchymal stem cells (hMSC) with 
considerable proliferation rates and pluripotent 
potential. The hMSCs have shown a vasculo-
genic, angiogenic, antiapoptotic, and antifibrotic 
induction in vitro and in vivo through trophic fac-
tor production mediation (further information 
about stem cells therapy is available in the chap-
ter: Regenerative Surgery Choices in Burns 
Sequelae Management).

ASCs have been shown to improve healing 
even in acute burns in various models although 
most of the studies have been limited to animal 
studies. For example, studies have shown that 
injected ASCs improved wound healing in rats 
compared to controls; however, this is only the 
case with autologous but not allogenic stem cells 
[14].

The mechanism whereby ASCs improves 
wound healing in burns is unclear. Several mech-
anisms have been postulated. ASCs have been 
hypothesized to improve wound healing via a 
paracrine function as ASCs are known to secrete 
numerous growth factors such as keratinocyte 
growth factor, vascular endothelial growth factor, 
and enzymes such as matrix metallothionein-9 
(MMP-9) [15].

The grafted ASCs could also potentially 
improve wound healing by accumulation at the 
wound site and differentiating into cells involved 
in the process of wound healing such as 
 keratinocytes and fibroblasts or into endothelial 
cells that improve the circulation to the wound. 
Several studies have shown that it is possible for 
ASCs to differentiate into stratified epidermis, 
and it has even been shown that fibroblasts newly 
differentiated from human ASCs migrate well 
and produced a superior ECM compared to 

a

b

c

Fig. 36.5 CLINICAL CASE—20% third/fourth-degree 
flame burn of the lower limb in a 73-year-old heart patient 
in anticoagulant therapy. Flap-based reconstructions were 
not possible in this patient. (a) Preoperative view: the burn 
presented exposure and necrosis of the tibial crest. (b) 
Intraoperative view: early surgical debridement including 
removing of the devitalized bone and necrotic tissue and 
INTEGRA® DRT placement in one step; at day 21 the bio-
material was removed and a split thickness skin graft was 
placed in a second surgical step. (c) Postoperative view: 
result at 2  months. Good epithelialization was achieved 
even on exposed structures
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primary fibroblasts which could translate to 
improved wound healing [16]. Further studies 
however are needed to optimize use of fat or ASC 
grafts in acute burns and reconstructive surgery.

In the future, it may be possible to improve 
wound healing deficits with the use of topical stem 
cells. In addition, scar modulation and manipula-
tion therapies will likely become more available as 
well as we increasingly better understand the com-
plexities of the wound and scarring process.

36.3.3  Peripheral Blood 
Mononuclear Cells (PBMNC)

In recent years, many studies have shown the 
promising potential of peripheral blood mono-
nuclear cells (PBMNC) concentrate, with its 

regenerative and high angiogenic stimulating 
capacity, in chronic non-healing ulcers and criti-
cal limb ischemia and even in the treatment of 
scleroderma. A considerable advantage of 
PBMNC is that it can be produced from periph-
eral blood without the need for the significantly 
more invasive procedures required to extract 
bone marrow and fat concentrates.

Macrophages have been shown to be critical 
during most phases of the tissue healing process, 
but the mechanisms by which they change phe-
notypes to stimulate tissue repair, fibrosis, or full 
regeneration remain unclear. Thus, further effort 
is required to understand the contributions of the 
different macrophage populations and activation 
states in multiple organ systems. For instance, 
inflammatory macrophages mature (M1) into 
anti-inflammatory macrophages (M2) in certain 

a b

c d

Fig. 36.6 CLINICAL CASE—Post-flame 4% third- 
degree burn of the right hand in a 60-year-old male 
patient. (a) Preoperative view: Initial situation. (b) 
Intraoperative view: early surgical debridement. (c) 
Intraoperative view: INTEGRA® DRT apposition in 1 step 
at the debridement time; At day 21, the biomaterial was 

removed and a split thickness skin graft was placed in a 
second surgical step. (d) Postoperative view: Follow up at 
6 months. We can appreciate the elasticity and softness of 
the skin rebuilt by the dermal skin substitute on a difficult 
area like the hand
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a b

c d

e f

g h

Fig. 36.7 CLINICAL CASE—2% second-degree burn 
of the scalp in a 65-year-old male polytrauma patient. (a) 
Preoperative view: initial situation. (b) Intraoperative view 
1: we proceed with surgical debridement and coverage with 
INTEGRA® DRT in order to recreate a scaffold suitable for 
the subsequent direct hair bulb transplantation. (c) 
Intraoperative view 2: follicular units donor site. (d) 

Intraoperative view 2: follicular units harvested ready to be 
grafted. (e) (f) Intraoperative view 2: follicular units grafted. 
(g) (h) Follow ups: follicular units engrafted. We can appre-
ciate the current state of the wound through the color 
change of the neo-dermis under the silicon layer over time. 
The purpose of the procedure was to allow re-epithelializa-
tion from the grafted new bulbs and avoid subsequent grafts
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type of tissues, while a distinct population of 
anti-inflammatory macrophages is mobilized in 
others.

Depending on the tissue or organ targeted, 
one could develop regenerative strategies based 
on the use of the immuno-modulatory effect of 
ASCs to stimulate macrophage polarization or 
recruit pro-wound healing macrophage sub-
sets. Mesenchymal stem cells (MSC, which 
include ASCs) can be utilized to modulate the 
immune system through the secretion of differ-
ent molecules including anti-inflammatory and 
growth factors. Studies in recent years have 
shown that MSCs can regulate the function of 
macrophages such as inducing them to adapt 
an enhanced regulatory phenotype [17] with 
higher phagocytic activity a more regenerative 
and immuno- modulatory function [18]. But the 
effect seems to be bi-directional as the PBMNC 
have also been shown to enhance the regenera-
tive effect of MSCs, as their regeneration 
capacity is influenced and regulated by the 
local immune response, particularly from the 
macrophages as coordinators of tissue repair 
and regeneration [19].

As the ultimate goal in improving wound 
healing in burn patients is to prevent or reduce 
subsequent pathological scar formation, it is 
important to note that studies have found that 
macrophage depletion in experimental in vivo 
studies reduces hypertrophic scar formation 
[20] thus treatment may be geared towards 
reducing the number of PBMNCs in wounds or 
direct them towards anti-inflammatory 
phenotypes.

There are currently no studies that the authors 
are aware of that utilize PBMNC alone or in con-
junction with ASCs in the treatment of acute 
burns; however, in consideration of the systemic 
inflammatory state and immune alterations in 
burns patients, we believe it holds a great poten-
tial, probably mainly for deep burns where there 
might be also a vascularity issue and small burns 
where the quality of the PMBNC can be unal-
tered. The next generation of regenerative thera-
pies may evolve from typical biomaterial-, stem 
cell-, or growth factor-centric approaches to an 
immune-centric approach.

36.4  Conclusion

Basic science research and translational findings 
continue to advance our knowledge of burns and 
assist in the development of novel treatment 
approaches. Unfortunately, many of these prod-
ucts are market and industry driven, with little 
prospective randomized comparative studies 
evaluating their efficacy. However, the concept of 
wound care can still benefit patients, even if it has 
been aggressively marketed by centers which are 
companies not always staffed by personnel with 
sufficient background in surgery and/or wound 
healing. Future investigations and studies should 
focus on the combination of cellular therapies 
and standard procedures such as skin autograft-
ing, allografting, and xenografting. These 
improvements are necessary to provide better 
functional and visual outcomes for burned 
patients.
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