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Methods for handling extensive burn wounds 
have changed in recent decades, and an 
increasingly surgical approach with early 

excision and wound closure is being applied for 

 patient survival. The procedures, involving removal 
of necrotic burned tissue and subsequent graft, re-
duce bacterial colonization of wounds, reduce sys-
temic sepsis, and preserve as much underlying viable 
tissue as possible.1 However, disadvantages of skin au-
tografts for coverage include limited healthy donor 
sites in extensive burns and donor-site morbidity. 
An alternative approach to address these drawbacks 
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Background: Treatment of burned patients is a tricky clinical problem not 
only because of the extent of the physiologic abnormalities but also be-
cause of the limited area of normal skin available.
Methods: Literature indexed in the National Center (PubMed) has been re-
viewed using combinations of key words (burns, children, skin graft, tissue 
engineering, and keratinocyte grafts). Articles investigating the association be-
tween burns and graft therapeutic modalities have been considered. Further 
literature has been obtained by analysis of references listed in reviewed articles.
Results: Severe burns are conventionally treated with split-thickness skin au-
tografts. However, there are usually not enough skin donor sites. For years, 
the question of how covering the wound surface became one of the major 
challenges in clinical research area and several procedures were proposed. 
The microskin graft is one of the oldest methods to cover extensive burns. 
This technique of skin expansion is efficient, but results remain inconsis-
tent. An alternative is to graft cultured human epidermal keratinocytes. 
However, because of several complications and labor-intensive process of 
preparing grafts, the initial optimism for cultured epithelial autograft has 
gradually declined. In an effort to solve these drawbacks, isolated epithelial 
cells from selecting donor site were introduced in skin transplantation.
Conclusions: Cell suspensions transplanted directly to the wound is an 
 attractive process, removing the need for attachment to a membrane 
 before transfer and avoiding one potential source of inefficiency. Choos-
ing an  optimal donor site containing cells with high proliferative capacity is 
 essential for graft success in burns. (Plast Reconstr Surg Glob Open 2014;2:e218; 
doi: 10.1097/GOX.0000000000000176; Published online 24 September 2014.)
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is to graft in vitro-expanded epithelial keratino-
cytes, using a reliable method of culturing human 
epidermal keratinocytes in stratified and coherent 
layers.2–6 These autologous epidermal sheets have 
been successfully used, in addition to split-thickness 
skin grafts, in treating major burns.7 However, wide-
spread use of these cultured epithelial autografts 
(CEAs) has been hampered by the long in vitro ex-
pansion times, sensitivity to infection, mechanical 
fragility of the sheets, and labor-intensive process of 
preparing grafts, associated with the requirement 
of the relevant laboratory expertise.8–10 In addition, 
clinical results have not been as satisfactory as ex-
pected, with reports of occurrences of hyperkera-
tosis and scar contracture.11–13 Over the recent past 
years, great strides have been made in the identifi-
cation, isolation, and characterization of epidermal 
stem cells.14–23 Among this potential keratinocyte do-
nor sites, the foreskin seemed to be a promising cell 
source for graft. Eighty-eight articles investigated for 
the review of literature and pointed out a correlation 
between burns and graft therapeutic modalities have 
been considered. Further literature has been ref-
erenced by analysis of references listed in reviewed 
articles. Twenty articles analyzing keratinocyte grafts 
have been obtained, and only 8 of them raise the 
importance of keratinocyte donor sites. Recent stud-
ies also suggest that the embryonic cells and induced 
pluripotent stem cells could be an attractive source 
for skin graft.

For years, how to cover large surface wounds has 
been one of the major questions in clinical research. 
Detailed below, the different approaches were sum-
marized in Table 1.

SKIN GRAFT

Split-thickness Skin Grafts
For burn treatments, split-thickness autologous 

skin grafts (STSGs) are still the gold standard of 
care.24 The technique of skin harvesting and trans-
plantation was initially described approximately 
3000 years ago with HindouTilemaker Caste in which 
skin grafting was used to reconstruct noses that were 
amputated as a mean of judicial punishment. Depth 
graft is usually limited to the upper third of the der-

mis, leaving sufficient number of epidermal cells in 
skin appendages. The donor sites heal via reepitheli-
alization from the remaining skin appendage epider-
mal elements within 7–14 days. However, high rate 
of morbidity at the donor sites as pain and unsightly 
scar was noted. Currently, a nearly 95% success rate 
is the standard of care for skin grafting.

Meshed Split-thickness Grafts
To cover extensive burn areas regarding the 

limited availability of donor sites, the technique of 
meshed STSG was employed. The functional result 
from grafting with 1.5:1 meshed autograft is equiva-
lent to that obtained by sheet graft.25 However, the 
meshed pattern is permanent, and the scar is not 
as cosmetically appealing as sheet autograft. Fur-
thermore, hypertrophic scarring and pigmentation 
changes are not uncommon in donor sites and do-
nor sites are painful. When burns are larger than 
30% of total body surface area (TBSA), widely spread 
meshed autografts (3:1 or 6:1) are commonly used, 
providing less engraftment and rarely an acceptable 
cosmetic or functional cover. When the burn area 
exceeds 40% TBSA, it is not usually possible to cover 
the entire burns with autologous grafts, and another 
alternative cover is needed.

Microskin Autologous Graft
Microskin graft technique may be a solution for 

treating major burns.26 Small pieces of 200 × 200 μm 
“diced” skin grafts were obtained, and the expansion 
ratio is more than 10:1. Successful microskin graft 
was reported in rabbit and pig with expansion ra-
tios from 7:1 to 26:1 and a healing time from 19 to 
35 days.27,28 In clinical practice, several authors sug-
gested this procedure for grafting on granulating 
wounds under poor conditions29–31 and integrated it 
in a whole treatment concept for management of se-
verely burned patients.32,33 Such procedure enabled 
early excision and graft, thus reducing morbidity and 
mortality in 31 of 54 patients with extensive burns 
(80% TBSA). In this study, the expansion ratio was 
15:1, and the wound can be completely resurfaced 
in 45 days.34 As well, in 63 severely burned patients 
(85% TBSA), microskin autografting yielded an 
overall survival rate of 64%, and the wound-healing 
rate was 75% between 35 and 55 days.35 Overall, we 
can report that this procedure remains a lifesaving 
technique.

DERMAL GRAFT
The autologous dermal graft has been used in 

reconstructive plastic surgery for almost 80 years. 
Split-thickness dermal graft as an alternative to the 
STSG was used, comparing their ability to resurface 

Disclosure: The authors have no financial interest 
to declare in relation to the content of this article. The 
Article Processing Charge was paid for by the authors.



 Mcheik et al. • Epidermal Healing in Burns

3

Table 1. Therapeutic Means for Epidermal Wound Healings

Wound Healing Structure Advantage Disadvantage References

Skin grafts
  Split-thickness 

autologous graft
Autologous  

dermoepidermal skin
Expansion  

1.5 to 6
Painful process, 

 permanent 
meshed pat-
tern, limited in 
 extensive burns

Andreassi et al24 and 
 Tanner et al25

  Microskin 
autologous graft

Autologous  
dermoepidermal skin

Expansion  
7 to 26

Poor cosmetic and 
functional results. 
Need allograft

Gabarro,26 Zhang et al,27 
Blair et al,28 Inoue et al,29 
Kreis et al,30 Lai et al,31 
Hsieh et al,32 Lumenta 
et al,33 Guo et al,34 and 
Chen et al35

Dermal graft
  Autologous 

dermal graft
Dermis Definitive 

 dermoepidermal 
healing

Dermis is affected 
with epidermis 
in deep extensive 
burns

Rubis et al,36 Querings 
et al,37 Han et al,38 
 Zakine et al,39 and 
 Lindford et al40

Keratinocyte grafts
  Celaderm Living foreskin-derived  

allogeneic keratinocytes
6-mo shelf life Haslik et al41

  Cellspray Subconfluent keratinocytes Spray at earlier 
stages

Need dermal 
 element

Gravante et al42 and Shukla 
et al43

  Foreskin-derived 
keratinocytes

Autologous keratinocytes in 
suspension

No rejection Allograft for girls Mcheik et al44

Tissue engineering
  Cultured 

 epithelial 
 autograft

Confluent autologous 
 keratinocytes

Large burned  
area

Fragility, i nfection, 
scarring, 
 contraction. 
Longer  hospital 
stay, more 
 reconstructive 
surgery

Rheinwald and Green,2 
Green et al,3 Gallico 
et al,7 Green,8 Jackson,9 
Harris et al,10 Boyce 
et al,11 Chester et al,12 
Wood et al,13 O’Connor 
et al,45 Donati et al,46 
Bettex-Galland et al,47 
Langdon et al,48 Comp-
ton et al,49 Carsin et al,50 
Sood et al,51 Still et al,52 
Paddle-Ledinek et al,53 
Desai et al,54 and Barret 
et al55

  Bioseed-S Autologous keratinocytes, 
fibrin glue

Simple handling Boyce et al56

  MySkin Living autologous 
 keratinocytes cultured on a 
silicone  support layer

No rejection Delay in  preparation. 
Need dermal 
 substitute

Moustafa et al57

  Hyalograft 3D Hyaluronic acid with 
 autologous fibroblasts and 
keratinocytes

Complicated clinical 
use

Shevchenko et al58

  Cultured skin 
substitute

Autologous fibroblasts and 
keratinocytes in collagen

Life-threatening 
burns

Slower  vascularization 
and  keratinization. 
 Fragility and 
 infections

Boyce et al59

  Composite skin 
replacement

Cultured autologous 
 keratinocytes in acellular 
allogeneic dermis

Extensive burns 
(7 children)

Infections Sheridan et al60

  Composite skin Autologous keratinocytes and 
preadipocytes in Matriderm

Keck et al61

  Autologous 
bioengineered 
composite skin

Autologous keratinocytes and 
fibroblasts in allogeneic 
plasma from blood bank

Extensive burns Gomez et al62

  Apligraf Bovine collagen 1 and  allogeneic 
keratinocytes and fibroblasts 
from neonatal foreskin

Immediate 
 availability

Short shelf-life, 
expensive, 
 temporary

Kirsner63

  OrCel Allogeneic neonatal  fibroblasts 
and keratinocytes from 
 foreskin cultured onto 
matrix of bovine collagen

9-mo shelf life 
available

Temporary Still et al64

  PermaDerm Collagen sponge with 
 autologous keratinocytes 
and fibroblasts

Boyce et al56
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full-thickness skin defects in a pig model. Epitheliali-
zation of the split-thickness dermal graft and STSG 
was complete at 4 weeks.36 Indeed, meshed dermal 
graft is an appropriate technique for reconstruction 
of large defects of sole and scalp, and excellent long-
term functional results were reported.37 Moreover, 
dermis graft technique for wound coverage in pa-
tients was aesthetically and functionally superior to 
the regular skin graft technique in both the recipi-
ent and donor sites.38–40

CULTURED EPITHELIAL AUTOGRAFT
CEA is an alternative approach to obtain an epi-

dermal graft with a reliable method of culturing 
human epidermal keratinocytes in stratified and 
coherent layers.2,3 CEA has become available as an 
alternative measure to the use of expanded skin 
autografts, and epidermal sheets have been used 
in treating major burns.7,11,45–49 From 1991 to 1996, 
CEA was applied to 30 patients with 78% TBSA. The 
survival was 90%, and the final CEA engraftment 
was 69%. Younger age was significantly associated 
with better CEA success graft.50 In a large study,51 an 
18-year experience concerning 88 patients from 6 
months to 73 years (including 20 children) and from 
28% to 98% TBSA was presented. The mean final 
CEA engraftment was 73%, and the overall patient 
survival rate was 91%. Complications were classified 
as early and late, including blistering and shear-
ing (31%), pruritus (5%), and wound contractures 
(66%). These results demonstrated that CEA is an 
adjunct to achieve a high survival rate in child and 
adult burn patients having a poor prognosis.

However, disappointing results with CEA grafts 
were reported.52 Thereby, the widespread use of 
these CEA has been hampered by the long in vitro 
expansion times and the sensitivity to infection.53 In 
addition, manufacturing of CEA needs a labor-inten-
sive process of preparing grafts associated with the re-
quirement of a relevant laboratory expertise,9,10 and 
clinical results reported occurrences of blistering, 
hyperkeratosis, and scar contracture.54 In 32 burned 
children (90% TBSA) from 1988 to 1998, CEA graft 
allowed a survival rate of 60%, but children had lon-
ger hospital stay and required more reconstructive 
procedures during the first 2 years.55 To summarize, 
a critical review of the literature studying issues as-
sociated with CEA pointed out the factors potentially 
limiting this procedure, the time necessary to expand 
cells before transplantation, the reliability and vul-
nerability of grafts on the newly healed surface, the 
long-term durability, and the high cost implications 
of such treatment.13 They concluded by the question, 
“Does CEA have a role in the treatment of major 
burns?” Taken together, the initial optimism for CEA 

has gradually declined. Nowadays, we could consider 
that CEA is valuable as a lifesaving measure for early 
closure and it is not suitable as permanent coverage.

ISOLATED KERATINOCYTE GRAFTS
Transplantation with isolated keratinocytes marks 

a turning point in skin grafting.65 Human keratino-
cytes seem to have a finite culture lifetime, and the 
plating efficiency of the epidermal cells isolated di-
rectly from the skin of newborns is 1–5%.66 As dis-
cussed below, the choice of donor sites is a crucial 
parameter in this procedure. In clinical practice, 
80% of patients attending for plastic surgery would 
accept a tissue-engineered product, and autologous 
cells were the preferred choice.67

In an effort to solve these drawbacks with CEA,68 
epithelial cells in a preconfluent state were intro-
duced in cell transplantation before they form a 
sheet and thus differentiation and fusion occurred 
in vivo. This method has the advantages of reducing 
the culture period before clinical use, minimizing 
the enzymatic degradation of cell surface proteins 
or cellular basal membranes, and allowing the trans-
planted cells to proliferate more actively and to 
generate a more developed and robust dermal epi-
thelialization.69 Keratinocyte graft in suspension is 
effective even without a complex delivery system.

Keratinocyte Allografts
Transplanted organs contain resident leucocytes, 

including Langerhans cells that initiate the rejection 
of a transplant by expressing foreign class II histo-
compatibility molecules. In vitro, the Langerhans 
cells are lost after 7–10 days.70,71 To determine the 
survival of cultured allogeneic keratinocytes trans-
planted to a deep dermal bed, cultured allogeneic 
keratinocytes from donors of the opposite sex were 
used. If all wounds heal by 3 weeks, no male cells 
were identified in a biopsy specimen from female pa-
tients transplanted with boy cultured keratinocytes.72 
By further in vivo studies, they concluded that al-
logeneic keratinocytes temporarily “take” to the 
wound, contribute to rapid wound closure, and are 
replaced by the patient’s epidermal cells after about 
1 week.73 After graft, keratinocytes interact with the 
other cell populations and accelerate wound heal-
ing by expressing favorable keratinocyte-derived 
cytokines and growth factors.41 Recently, 205 adult 
outpatients from 28 centers in the United States and 
Canada with persistent ulcer had foreskin keratino-
cyte grafts. The primary outcome analysis showed a 
significantly greater mean reduction of wound area 
associated with active treatment compared to vehi-
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cle, and the dose of 0.5 × 106 cells/mL every 14 days 
showed the largest improvement.23

Keratinocyte Autografts
Few burn units implement the graft of freshly 

isolated autologous keratinocytes for adult patients 
and more rarely for children. However, this ap-
proach has been initiated 60 years ago in rabbits, 
and a comparative study was performed in pigs.74 
After a period of neglect, this procedure raises and 
became trendy.17,19,52,75–78 In 2005, the use of the stan-
dardized Recell device (Avita medical, Melbourn, 
United Kingdom) was introduced into human clini-
cal practice, allowing the immediate processing of 
small split-thickness biopsies to isolate and graft ke-
ratinocytes in wounds.42,43 Recently, in a preliminary 
study in pediatric department of CHU of Poitiers, we 
grafted burns in boys with a suspension of noncul-
tured autologous foreskin-isolated keratinocytes. Ep-
ithelialization and accelerated wound healing were 
obtained, and the quality of scarring and pigmenta-
tion was improved compared to classical skin grafts.44 
We emphasized the aesthetic and high quality of the 
skin: vascularity, pigmentation, and pliability without 
hypertrophy or pruritus, as reflected by a reliable 
Vancouver scar scale. In this study, we investigated 
the reliability of noncultured keratinocyte grafting 
in 11 boys with a limited average size of TBSA (10%). 
In a near future, we will propose this procedure for 
severe deep burns in a multicenter trial study.

DONOR SITES: A CRITICAL CHOICE FOR 
SUCCESSFUL GRAFTING

The comparison of the characteristics of donor 
sites and their ability to regenerate human epithe-
lia (3D) in vitro has been poorly studied. In adult 
patients, human scalp seems a promising suitable 
keratinocyte donor site for the development of 
therapeutic cell transplantation,21,79 and hair follicle 
represents a major source of keratinocyte stem cells. 
Follicular bulge stem cells are potentially bipotent, 
giving rise to hair follicle and epidermis.80,81 How-
ever, it seems difficult at the present time to extract 
the epithelial stem cell population deeply located in 
the basal layer of the outer root sheath, at the level 
of the hair follicle bulge. Searching for alternative 
sites, scalp, auricular skin, and chest skin were com-
pared for their capacity to generate keratinocytes 
with promising graft potentiality. The proportion 
of K19-positive cells (stem cell marker) harvested 
from auricular skin was about twice that of the scalp, 
and surprisingly, the number of K19-positive cells 
estimated in situ on skin sections was about double 
in scalp than in auricular skin. Chest skin had the 

lowest number of K19-positive cells. These results 
indicate that in addition to the choice of an adult 
anatomic site featuring a high number of stem cells 
in situ, the quality of the cultures greatly depends on 
the ability to extract stem cells from the skin biopsy.82

Preputial skin is a thin full-thickness and ex-
pandable skin that can be easily harvested. Given 
the difficulties to harvest deep keratinocyte scalp 
in children and given our previously in vitro results 
on foreskin-keratinocyte regenerative capacities, we 
have proposed to graft noncultured foreskin kerati-
nocytes.22,83 Pediatric foreskin tissues produced more 
viable keratinocytes than the skin of pinna (Table 2), 
and the proliferative capacity is higher for foreskin 
keratinocytes. In addition, we reported that cultured 
keratinocytes from foreskin express lower amounts 
of differentiation markers and higher amounts of 
stem cell markers than those from auricular area, 
and keratinocytes from foreskin exhibit a high epi-
dermal reconstruction capability.44

Finally, the possible therapeutic use of somatic 
cells derived from embryonic stem cells is currently a 
hot topic in regenerative medicine. Although skin bi-
opsies are a regular source of keratinocytes and epi-
dermal stem cells, recent research suggests that the 
generation of keratinocytes from human embryonic 
stem cells could be a useful technique.16 Research-
ers have also managed to derive induced pluripotent 
stem cells (iPS) from differentiated cells.84 Advances 
in this area have been truly breathtaking, and the 
challenge in the coming years will be to actually 
transfer all these breakthroughs in molecular and 
cell biology to the routine clinical practice.

TISSUE ENGINEERING AND CELL 
GRAFTS

Various engineered tissue formats have been used 
for skin grafts, including allogeneic fibroblasts and 
keratinocytes in a bovine collagen sponge (OrCel, 
Ortec International, Atlanta, Ga.)64 or a bilayered liv-
ing skin equivalent, Apligraf (Organogenesis, Inc., 
Canton, Mass.). Derived from the foreskin, cultured 
neonatal fibroblasts are combined with bovine type 

Table 2. Cell Recovery from Tissues (R0: after Skin 
Enzymatic Digestion) and Cell Production Capacity at 
Passage 1 (R1: after Culture)

R0: 106  
Keratinocytes/cm2  

of Skin

R1: 103  
Keratinocytes/cm2  

of Skin/Day

Mean SEM Mean SEM

Foreskin 4.08 0.3 494 48
Ear 2.7 0.5 170 33
SEM, standard error of the mean.
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I collagen to form a neodermis. Cultured neonatal 
keratinocytes seeded on this neodermis proliferate 
and differentiate. Approved in several countries, Ap-
ligraf as an allograft has been used in acute wounds 
such as surgical excision sites and partial thickness 
donor sites.63 In the same way, cultured autologous 
fibroblasts and keratinocytes onto collagen-glycos-
aminoglycan constitute another skin substitute59 
grafted in 17 patients; authors noted that skin substi-
tute prepared from autologous cells might be a safe 
and efficacious alternative to classical autograft for 
life-threatening burns. However, multiple early defi-
ciencies of this cell-biopolymer graft were observed, 
including slower vascularization, slower keratiniza-
tion, greater graft loss from microbial contamination, 
and greater mechanical fragility. On the other hand, 
the feasibility of combined cultured autologous ke-
ratinocytes and dermal scaffold as a cellular human 
dermis (Alloderm, Life cell, NJ) was investigated in 
a porcine model. Both successful histointegration of 
the in vivo composite grafts and a reduced wound 
contraction, compared with epithelial grafts,60 were 
observed. More sophisticated skin substitutes were 
also described “Human preadipocytes from the sub-
cutaneous tissue and cultured keratinocytes seeded 
onto a scaffold (Matriderm, MedSkin Solutions 
Dr Suwelack, Billerbeck, Germany).” Three weeks 
later, a simultaneous growth of keratinocytes and 
preadipocytes was observed: keratinocytes adhered 
to the surface of the matrix and formed a conflu-
ent epidermis-like layer and preadipocytes adhered 
and penetrated into the deeper layers of the matrix. 
This approach toward a multilayered skin substitute 
could be a useful asset for future reconstructive sur-
gery.61 To obtain an inexpensive substitute, another 
evaluation strategy was to graft autologous fibro-
blasts and keratinocytes with plasma from the blood 
bank.62 In this study, 25 burned patients (74% TBSA) 
were treated with a final 49% successful engraft-
ment. Fewer infections concomitant to graft were 
significantly associated with better engraftment, and 
cosmetic and functional outcomes were satisfactory 
4 years later.

A systematic review of the literature assessed the 
safety and efficacy of bioengineered skin substitutes 
in comparison with standard methods in the man-
agement of burns. Twenty randomized controlled 
trials were included in this review, but the numerous 
subgroup analyses and the diversity of skin substi-
tutes limited the ability to draw conclusions. Howev-
er, bioengineered skin substitutes, namely, Biobrane 
(composed of a knitted nylon mesh that is bonded to 
a thin, silicone membrane and coated with porcine 
polypeptides; Dow Hickam/Bertex pharmaceuticals, 
Sugar land, Tex.), TransCyte (composed of a semi-

permeable silicone membrane and human newborn 
fibroblast cells cultured on a porcine collagen-coat-
ed nylon mesh; Advanced tissue sciences, Inc., La 
Jolla, Caif.), Dermagraft (polygalactin mesh seeded 
with allogeneic neonatal fibroblasts), Apligraf (com-
posed of type I bovine collagen and allogeneic ke-
ratinocytes and fibroblasts obtained from neonatal 
foreskin), and CEA, were at least as safe as the clas-
sical skin replacements or topical agents/wound 
dressings. For partial thickness burns (less than 15% 
TBSA), Biobrane and TransCyte seemed to be more 
effective than silver sulfadiazine, avoiding the need 
for painful daily dressing changes and long stay in 
hospital. TransCyte seemed to be effective for facial 
burns, providing good adherence to the contours of 
the face. For burns between 20% and 50% TBSA, 
CEA, Dermagraft, and Apligraf combined with au-
tograft seemed to be effective. Integra (Integra Life 
Science Corp., Plainsboro, NJ) may be better suited 
in patients with limited burns (45% TBSA). Taken 
together, authors concluded that rigorous random-
ized controlled trials with long-term follow-up would 
strengthen the evidence base for the use of bioengi-
neered skin substitutes.85

CONCLUSIONS
At the present time, most of the deep burns are 

treated with split-thickness skin autografts that could 
be painful and source of unsightly scars in donor and 
grafted areas. When the burns are extensive, there 
are usually not enough skin donor sites. Currently, we 
can consider that microskin graft and CEA are valu-
ables as lifesaving measures but are not suitable as 
permanent coverage. In the procedures, functional 
and aesthetic results remain inconsistent. Numerous 
“plastic” synthetic materials for dermal substitution 
have been developed. They seem to work as well as 
allograft as a temporary wound cover. However, they 
do not vascularize, their conformability varies, they 
have little resistance to infection, and they often do 
not adhere to the wounds. Advances in the develop-
ment of tissue-engineered skin have led to several 
new products aimed to improve wound healing. De-
signed as a skin substitute, dermal equivalents have 
been investigated for over a decade. Although der-
mal substitutes may provide wound coverage and 
reduce pain, they still require an epidermal compo-
nent. In this case, adjuvant keratinocyte transplanta-
tion could have a prominent place. Cell suspensions 
can be also extemporaneously transplanted directly 
into the wound. However, questions related to opti-
mal cell type, carrier and transfer modality, as well as 
the final outcome, the ability to generate an epitheli-
um after transplantation, and the scar quality are still 
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not fully answered. For this reason, choosing an op-
timal donor-site possessing cells with high prolifera-
tive capacity is essential for wound healing success.44 
A high number of keratinocytes can be harvested in 
a few hours, and the graft can be extemporaneously 
considered as soon as the wound surface is optimally 
prepared. Large injured areas can be successfully 
grafted in a few days after burns although a common 
skin graft is insufficient. Keratinocyte graft in suspen-
sion also allows the harvesting and grafting of the en-
tire epithelial cell population.86,87 Successful clinical 
results and the easy management of the keratinocyte 
isolation procedure in the operating room allowed 
us to design the noncultured autologous keratino-
cyte transplantation as a standard procedure, which 
can be added to the arsenal of therapies for burned 
patients in surgical units everywhere. 
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