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Abstract
As part of their clinical practice, plastic surgeons perform procedures in the fields of skin and adipose tissue graft-
ing, the reconstruction of compound tissue loss and congenital malformations, the treatment of acute and chronic 
wounds and burns, as well as cosmetic surgery. On account of the great expectations associated with their use in 
therapy, stem cells (SCs) are increasingly frequently employed in in vitro experiments, animal models and clinical 
trials. The most commonly utilized SCs for these purposes are adult stem cells (AS), which are present in small 
amounts in every tissue; among these are two types of cells: bone marrow mesenchymal stem cells (BM-MSCs) and 
adipose-derived stem cells (ADSCs). The aim of this review is to present current findings in experimental research 
on the use of stem cells in the field of plastic and reconstructive surgery. Many studies have described the progress 
of trials using ADSCs and BM-MSCs mainly in the treatment of compound tissue loss and chronic wounds. The 
use of their paracrine, proangiogenic and osteogenic functions is emphasized. However, because of the very high 
harvesting and culturing expenses and the limited availability of data on their safety for human use, SCs are not 
a first-choice therapy. Further developments in SC research and gradually decreasing costs mean that along with 
commercial-scale SC culturing, the use of SCs will become a viable alternative to traditional surgical procedures 
(Adv Clin Exp Med 2014, 23, 6, 1011–1017).
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Stem cells (SCs) are a population of undiffer-
entiated cells characterized by the ability to un-
dergo self-renewal and differentiation into various 
types of tissue. The aim of this review is to present 
current findings in experimental research on the 
use of stem cells in the field of plastic and recon-
structive surgery.

Types of Stem Cells
On the basis of their differentiation potential, 

stem cells are classified as totipotent (or omnip-
otent), pluripotent, multipotent and unipotent. 
Omnipotent SCs are present at the earliest stages 
of ontogenesis and can transform into all forms of 
embryo and placenta tissue. 

Pluripotent cells can be harvested from the in-
ner layers of blastocysts; they produce cells that arise 
from all 3 germ layers (ectoderm, endoderm and me-
soderm). Multipotent SCs can be found in almost all 
tissue. For a long time it was believed that they could 
only transform into the cells of one germ layer (e.g., 
that only hepatic SCs could transform into hepato-
cytes or bile ducts), but further studies have revealed 
that some multipotent cells have the same poten-
tial as pluripotent SCs. Unipotent stem cells have 
the lowest potential, and generate only one cell type 
(e.g., epidermal stem cells only produce terminal ke-
ratinized squamous epithelial cell types) [1]. 

Stem cells can also be classified into 4 groups 
corresponding to their different origins: embryon-
ic stem cells (ESCs), fetal stem cells, adult stem cells 
(AS) and induced pluripotent stem cells (iPSCs). 

* The project is co-financed by the European Union, as part of the European Social Fund.
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The zygote – the result of fertilization – is char-
acterized by totipotency. After 4 days of growth, 
it transforms into a blastocyst. The inner layer of 
the blastocyst is made of ESCs, which are plurip-
otent. ESCs can proliferate almost without limit, 
and are identified by specific transcription factors: 
NANOG and Oct4 [2]. With the use of specific me-
dia and growth factors, ESCs have been cultured  
in vitro into other cell types, including skeletal 
muscle, endothelial cells, chondrocytes and myo-
cardiocytes, among others [3, 4]. In later experi-
ments on these stem cells, researchers have pro-
duced eyeball and vocal cord structures [5, 6]. 

In view of the ethical and social dilemmas in-
volved, collecting, culturing and experimenting 
on embryonic and fetus SCs is legally restricted in 
many countries [7]. Moreover, some experiments 
with ESCs have led to cancerous cells and terato-
ma formation. This is probably related to imper-
fect methods and current technological limita-
tions, which mean that it is as yet impossible to 
isolate pure lines of human ESCs [8].

For these reasons, adult stem cells appear to 
be the simplest to obtain, and have the greatest 
importance for medical purposes. AS are specific 
to each organ, and are present in every tissue in 
small amounts. For example, hematopoietic stem 
cells (HSC) make up about 0.01–0.001% of blood 
cells [9]. Morphology and protein markers allow 
each AS type to be classified as the tissue it orig-
inates from. AS were previously supposed to be 
multipotent, but are now known to have the po-
tential of ESCs, that is, pluripotency. Due to the 
phenomenon known as the “plasticity” or “trans-
differentiation” of AS, some of these cells can pro-
duce cells of a new type when moved to other tis-
sues. Studies by Yamanaka et al. showed that even 
mature somatic cells, when exposed to specific plu-
ripotency-associated genes, can “regain” the pluri-
potency of ESCs and differentiate into cells of any 
germ layer. These experiments were first carried 
out on mouse fibroblasts, and later on human fi-
broblasts [10]. For this discovery, Yamanaka was 
awarded the Nobel Prize in Physiology or Medi-
cine in 2012. The cells have been called induced 
pluripotent stem cells. 

The latest discovery in the field of SCs involves 
cells that display stimulus-triggered acquisition of 
pluripotency, which are called STAP cells. Research-
ers were able to reprogram somatic cells into plu-
ripotent cells by exposing them to sublethal stimu-
li (low pH). Moreover, STAP cells can develop into 
both embryonic and placental tissues [11]. These 
discoveries may perhaps help in exploiting the full 
potential of ESCs without the associated problems.

Of all SCs, multipotent mesenchymal stem 
cells (MSCs) have the widest application in clinical 

practice. From among mesenchymal cells, bone 
marrow mesenchymal stem cells (BM-MSCs) 
were obtained earliest and remain in common use. 
However, obtaining them involves an invasive and 
inefficient procedure. New procedures have been 
developed to harvest various types of MSCs from 
other structures of the human body, including 
from adipose tissue (adipose-derived stem cells, 
ADSCs), umbilical cord blood (UCB), periosti-
um, tendons, muscles (muscle-derived stem cells, 
MDSCs), mucous membranes and skin [9]. Com-
parative analyses of all types of MSCs do not reveal 
any major differences between their abilities to dif-
ferentiate into particular tissues [12]. 

Apart from their differentiation potential, 
mesenchymal SCs also possess paracrine signal-
ing functions. They support tissue neovasculariza-
tion by releasing growth factors, such as vascular 
endothelial growth factor (VEGF), transforming 
growth factor (TGF) and hepatocyte growth fac-
tor (HGF), into the nearby environment. In exper-
iments on myocardial tissues following cardiac in-
farction, they have repaired scarred myocardium, 
increased angiogenesis and, as a result, preserved 
the entire heart muscle function [13].

The most commonly used SCs are obtained 
from adipose tissue, on account of the easy and fre-
quently employed acquisition procedure (through 
liposuction or lipectomy), the low donor-site mor-
bidity rate and the effectiveness of the method. It 
has been noted that 300 mL of harvested adipose 
tissue gives 2–3 × 108 ADSCs, which is from 100 to 
1000 times greater than the yield of BM-MSCs that 
could be acquired from the same volume of bone 
marrow [14]. The separation of lipoaspirate and 
ADSC isolation is accomplished by enzymatic col-
lagenase digestion with later centrifugation. Clean 
lines of ADSCs can be cultured prior to transmit-
ting them to the body.

The Use of Selected SC 
Fractions in Plastic and 
Reconstructive Surgery

Autogenous fat transplants, whose resorption 
rate exceeds 70%, are traditionally used for the cor-
rection of facial symmetry and as a filler for the 
loss of soft tissues, including correction of atrophy, 
Parry-Romberg syndrome, distortions after cancer 
treatment, and the consequences of radiotherapy. 
Other products that can be applied for these pur-
poses – such as xenogeneic collagen, biopolymers 
and acellular dermal matrix (ADM) – can induce 
immunological reactions at the recipient site. The 
characteristics of the ideal filler for soft tissues are 
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that it should be easy to use, effective and low-cost, 
and that it should provide long-lasting effects with-
out inducing any immunological reaction.

In order to decrease the percentage of fat trans-
plant resorption, techniques for enriching trans-
plants with stem cells are employed. The staged cell- 
-enriched tissue injection (SET) technique consists 
of 2 phases: first, the patient receives a convention-
al adipose tissue transplant. Second, part of the li-
poaspirate is prepared to obtain ADSCs, which can 
be mixed with platelet-rich plasma (PRP). This so-
lution is later injected into the sites filled with the 
fat transplant. Tiryaki et al. [15] described the ap-
plication of SET in 29 patients, including postmas-
tectomy patients ready for breast reconstruction, 
women who qualified for breast augmentation, 
and patients with Parry-Romberg syndrome, mu-
tilation after poliomyelitis, and facial scars. After 
8 weeks of injections, atrophy of the injected tis-
sue was minimal; the only complication involved 
bruises in a few cases that healed after 2–3 weeks. 
The addition of ADSCs to fat transplant has been 
demonstrated to act in a proangiogenic and anti-
apoptotic manner and to reduce local inflamma-
tion [16]. However, it is still unclear whether the 
use of stem cells is safe for patients who have un-
dergone oncological operations. There are justified 
concerns that injecting SCs into the operative site 
may lead to an acceleration of tumorigenesis. In 
some in vitro experiments, ADSCs increased the 
invasiveness of breast cancer cells [17].

Simultaneous transplantation of fat with stem 
cells harvested from muscles has proved to be ben-
eficial. Experiments in animal models show that 
MDSCs also cause increases in the number of 
blood vessels and reductions in fat tissue resorp-
tion [18]. Initial data also suggests that the addi-
tion of ADSCs significantly improves the viability 
of cartilage grafts [19]. 

Stem cells can be used to fill bone cavities. In 
a few in vitro experiments, bone substitutes were 
combined with BM-MSCs and endothelial pro-
genitor cells (EPCs). It was shown that MSCs can 
attach to artificial scaffolds that prolong their vi-
tality [20]. Furthermore, a few in vivo studies have 
indicated that ADSCs secrete large amounts of 
bone morphogenetic proteins (BMPs), which ac-
celerate osteogenesis [21]. However, a study by 
Stockmann et al. [22] failed to reveal no statistical 
difference in bone reconstruction with SCs com-
pared to autogenous bone. BM-MSCs have al-
so been used in bone distractions in animal mod-
els [23]. Injections of stem cells into an artificial 
fissure in a rat’s mandible led to amplified for-
mation of new bone. There have also been a few 
clinical trials on alveolar cleft reconstruction with 
bone substitutes and BM-MSCs [24], and also an 

animal cranioplasty model with adipose-derived 
stem cells [25].

Human acellular tissue can be used in clini-
cal practice to fill and reconstruct the abdominal 
wall [26]. However, like fat tissue, it undergoes 
a significant resorption rate. In order to reduce 
this complication, experimental animal trials have 
been carried out in which an acellular dermal ma-
trix was covered with a layer of ADSCs. The results 
indicate that the addition of stem cells decreases 
the tissue atrophy level and contributes to the pres-
ervation of the graft in long-term follow-ups [27].

Skin flaps with a microvessel pedicle are com-
monly used in reconstructive techniques. In many 
situations, they are exposed to prolonged ischemia 
and can develop an ischemia-reperfusion injury 
that may lead to flap tissue loss. In one study on 
rats, ischemia–reperfusion injury conditions were 
recreated by elevating an extended inferior epigas-
tric artery skin flap. In the experimental groups, 
the vessel pedicle was clenched for 3 h, and in one 
group of animals the vessels were injected with  
ADSCs. It was found that stem cell treatment sig-
nificantly enhances skin flap survival in the after-
math of ischemia, to an extent that almost equals 
surgical results without ischemia. This effect is ac-
companied by a pronounced and significant angio-
genic response and improved blood perfusion [28]. 
If these results can be confirmed by other studies, 
they will mark substantial progress in microsurgi-
cal reconstruction surgery.

The reconstruction of compound anatomical 
structures that include soft tissue with bone frag-
ments is a great challenge for modern plastic sur-
gery. There are good reasons to believe that, in this 
particular field of plastic surgery, stem cells may 
also lead to major breakthroughs. Researchers 
from Finland have reported a maxilla reconstruc-
tion with bone created in vitro using ADSCs [29]. 
A 65-year-old male who had undergone hemimax-
illectomy due to a large recurrent keratocyst un-
derwent liposuction for fat tissue collection. The 
graft was purified to obtain ADSCs, which were 
later cultured on a bone substitute (beta tricalcium 
phosphate, betaTCP) with growth factors. A tita-
nium cage filled with ADSCs and betaTCP was in-
serted into the patient’s left rectus abdominis mus-
cle. After 8 months, the cage was removed and the 
rectus abdominis free flap with bone neotissue was 
placed in the maxillary defect. By the 12-month 
follow-up, the graft had become stable and could 
serve as the basis for dental implants. In a similar 
way, surgeons from Germany recreated a 7-cen-
timeter long mandible fragment. In this case, 
a 56-year-old patient had a titanium mesh cage 
filled with bone substitute and BM-MSCs inserted 
into his latissimus dorsi muscle. In the second step, 
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a free flap was transplanted to the defect site [30]. 
There is also a case report of a one-step mandi-
ble reconstruction with an adipose stem cell tissue-
engineered construct. Here, a patient with a recur-
rent ameloblastoma of the parasymphyseal region 
of the mandible underwent an extensive tumor re-
section (the full length of the resected bone frag-
ment was 10 cm) and simultaneous reconstruction 
with a prepared graft containing ADSCs and bone 
substitute. The transplant was secured with tita-
nium mesh and plates. After 10 months, the new 
bone was suitable for dental implants [31]. This 
protocol has been called in situ bone formation. At 
the 3-year follow-up, there was no sign of bone re-
sorption. If other trials with such complex recon-
structive techniques are as successful, they will be 
applied in the future on a larger scale. However, 
because of the high costs, only isolated cases have 
as yet been reported using these techniques.

Treatment of Chronic 
Wounds and Burns
The skin is the largest organ of the human 

body. It serves as a barrier that protects our inter-
nal environment from pathogens and plays a ma-
jor role in thermoregulation. Deep non-healing 
wounds that involve the full thickness of the skin 
and deeper structures (such as chronic wounds 
and burns) are among the greatest challenges to 
medicine. The incidence of nonhealing cutaneous 
wounds in the United States alone is 5 to 7 mil-
lion cases per year, with an annual cost of over 
20 billion dollars [32]. The effectiveness of treat-
ment is estimated at 50%. 

An experiment with genetically modified mice 
and BM-MSCs was carried out with the aim of as-
sessing the usefulness of stem cells in diabetic wound 
treatment [33]. Diabetic leptin receptor-deficient 
(db/db) mice employed showed pathologies char-
acteristic of diabetes, such as obesity, hyperglycemia 
and hyperlipidemia. Full skin thickness (6 mm) cuts 
were made on the backs of some of the animals and 
cultured BM-MSCs were injected into the site. The 
animals were examined after 7, 14 and 28 days. In 
histological examinations, the wounds treated with 
BM-MSCs showed accelerated wound healing, en-
hanced re-epithelialization and angiogenesis. In ad-
dition to transforming into keratinocytes, the stem 
cells also exerted paracrine effects. Western blot 
and PCR analysis showed high amounts of the pro-
angiogenic factors VEGF-α and Ang-1.

Another technique using SCs is to cover the 
surface of a wound with a suspension of cells using 
a fibrin spray. In vitro experiments were carried out 
by Falanga et al. on animal models (healthy mice 

and db/db mice), and also in clinical trials [34]. 
The researchers first established the appropriate 
proportions of fibrinogen, thrombin and other 
components for the fibrin spray in animal mod-
els. They then began clinical trials on patients with 
acute wounds remaining after the removal of skin 
cancers (basal cell and squamous cell carcinomas) 
and with chronic wounds due to venous insuffi-
ciency and diabetic neuropathy. For acute wounds, 
further studies are needed to show the full potential 
of therapy with BM-MSCs. The results for chron-
ic wounds revealed statistically significant corre-
lations, indicating that the greater the number of 
applied mesenchymal cells, the larger the reduc-
tion in the ulcer. Only applications of more than 
1 × 106 cells/cm2 to the wound were associated with 
a subsequent decrease (within 2–4 weeks) in ulcer 
size. These results were also confirmed in animal 
trials in both the normal and diabetic mice groups. 
Full-thickness wounds on these animals healed 
faster when treated with autologous BM-MSCs, as 
compared to fibrin sprays without any cell compo-
nent. In the future, stem cell suspensions may pos-
sibly be an alternative to the standard treatment of 
nonhealing ulcers.

Artificial dermal substitutes have been shown 
to have great therapeutic potential for extensive 
scars, birthmarks and burns, both in humans and 
in animal models. The breakthrough work of Jap-
anese doctors has demonstrated that the addition 
of SCs to collagen sponge may be therapeutical-
ly effective and lead to wound closure [35]. Their 
study involved 20 patients with extensive wounds 
of various etiologies: burns, deep injury wounds, 
infections and decubitus ulcers. The patients’ ages 
ranged from 22 to 91. Prior to the main research, 
most patients had undergone unresponsive treat-
ment with artificial skin grafting. The wounds of 
16 patients were positive for pathogenic bacteria. 
All the patients were treated with stem cells from 
bone marrow aspirate with collagen sponge. Soon 
after the application of the marrow mesenchymal 
cell/artificial dermis composite graft, the macro-
scopic and histological results both showed that 
formation of both cutaneous and subcutaneous 
tissues had occurred. The wounds healed, com-
pletely or partially, in 18 out of 20 patients; in some 
cases additional skin grafts were necessary. The 
therapeutic effects of the BM-MSC/artificial der-
mis composite graft were demonstrated in all the 
patients. The authors suggested that subcutane-
ous fibrous tissue and vessels regenerated thanks 
to the MSCs, since the effect was not seen in pa-
tients treated with the artificial dermis alone. The 
researchers also suggested that a proper scaffold is 
essential for tissue regeneration. The artificial der-
mis appears to be an effective scaffolding material. 
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This method is minimally invasive, and with a re-
duction of the expenses associated with the cultur-
ing procedure, it could be carried out on a com-
mercial scale. 

Other animal-model experiments on artificial 
skin matrices with the addition of MSCs also sup-
port the idea that this combination may be use-
ful in full skin thickness injuries and burn treat-
ment, as it improves vascular density and collagen 
synthesis [36]. 

Thermal trauma in a deep-burn injury causes 
3 concentric zones of skin damage: the central, ir-
reversibly affected zone of coagulation; the zone of 
stasis; and the outermost zone of hyperemia. An 
experimental study on rats demonstrates that sub-
cutaneous injections of allogeneic BM-MSCs into 
the stasis zone decrease apoptosis count and are 
beneficial for the survival of the zone. The disad-
vantage of this method is the necessity of adminis-
tering the stem cells very soon after the injury. Fur-
ther research should be performed to demonstrate 
the clinical efficiency of this treatment [37].

Cosmetic Surgery
Esthetic surgery is a significant branch of 

plastic surgery. Many people are willing to under-
go surgical operations in order to improve their 
appearance. Yoshimura et al. showed that ADSCs 
may be useful in cosmetic breast augmentation, 
and can also be used as filler after the removal of 
breast implants [38]. Transplantation of fat tissue 
has been widely used for this purpose, and the re-
searchers established their own protocol for en-
riching the aspirate with ADSCs: half of the mate-
rial from the liposuction was centrifuged to obtain 
a stem-cell fraction, which was later added to the 
remainder of the fat tissue. This protocol has been 
called cell-assisted lipotransfer (CAL). The differ-
ence between CAL and the SET technique men-
tioned above is that the former involves the simul-
taneous combination of ADSC-poor fat with the 
stem cell fraction prior to injection into the pa-
tient’s body. This method provides a lower graft 
absorption rate in the first 2 months after the op-
eration, with the breast volume showing minimal 
changes thereafter. Compared with breast aug-
mentation using implants of the same size, CAL 
augmentation gave less height but a more natu-
ral contour to the breasts. The formation of cysts 

(< 12 mm) was found by magnetic resonance im-
aging in 2 out of 40 patients, and microcalcifica-
tion was detected in 2 patients at 24 months. The 
maximum volume of augmentation was 100 to 
200 mL of enhanced fat tissue, and for that rea-
son, this method is not suitable for large breast 
augmentation. In another trial, the same authors 
used the CAL technique on 15 patients who un-
derwent breast implant removal. CAL was applied 
immediately during a single surgical procedure. 
The clinical results were satisfactory, and the au-
thors suggest that CAL is a suitable method for re-
placing artificial breast implants with autologous 
tissue.

In a more recent report, CAL was used for 
soft-tissue augmentation (facial recontouring) in 
patients with craniofacial microsomia. A study of 
14 patients showed that this method may be safe 
and effective, and even superior in clinical appli-
cation to standard lipoinjection. The surviving fat 
volume at 6 months was 88% for the experimental 
group (CAL) and 54% for the control group (con-
ventional lipoinjection) [39].

Another trial of the esthetic uses of SCs was 
presented in a case report on the application of 
ADSCs in hair-restoration surgery. Unfortunately, 
tests on 5 patients did not lead to satisfying results. 
At the 10-month follow-up, no evidence was seen 
of hair growth in the recipient area [40].

The limitations of stem cell use in cosmetic 
surgery appear to be caused by the experimental 
nature of the research and the high costs of acquir-
ing and culturing MSCs, which render them un-
economical for use on a commercial scale.

Conclusions
This review describes possible applications of 

multipotent stem cells based on experimental ani-
mal tests and isolated clinical trials. The literature 
currently available supports the conclusion that 
these techniques are not yet ready for plastic sur-
geons’ general clinical practice. There is still in-
sufficient data on the safety of SCs for human use. 
At present, short follow-up periods and very high 
harvesting and culturing expenses disqualify stem 
cells as a first-choice therapy. However, the rapid 
development of MSC research will certainly enrich 
plastic surgeons’ operating techniques with new, 
revolutionary means of treatment.
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