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Abstract

Background: Perforator flaps have recently been used in the field of plastic surgery. Skin defects can be reconstructed to
reach functional and cosmetic goals. With the development of reconstructive approaches, utilizing stem cells is a hopeful
approach to enhance wound healing and tissue recovery. In this study, we assessed the effect of bone marrow mesenchymal
stem cells on the perforator flap’s survival in rats.

Methods: Perforator flaps (2.5 X | | cm) were transplanted into rats and focused on the thoracodorsal, intercostal, and deep
circumflex arteries, which were randomly divided into three groups: control, saline, and bone marrow mesenchymal stem
cells (7 X 10°ml). Seven days after the surgery, tissue edema, inflammation, and discharge were observed and photographed.
Histological analyses were performed to determine flap survival. Hematoxylin and eosin staining was performed to assess
levels of microvascular density determined in skin flaps.

Results: Rats in the bone marrow mesenchymal stem cells group exhibited higher average flap survival area, and higher
microvascular density levels at the dynamical regions of the flaps compared with the other two groups. Subdermal
injection of bone marrow mesenchymal stem cells significantly increased ischemic perforator flap survival due to stimulated
neovascularization in rats.

Conclusion: Our findings suggest the potential usefulness of bone marrow mesenchymal stem cells in preventing skin flap
perforator tissue necrosis.
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Recognition of a perforating vessel and dissection in a ret-
rograde fashion is necessary to harvest a perforator flap
successfully.

Introduction

A flap is defined as a unit of tissue that is transferred from
a donor site to a recipient site while its blood supply is
preserved. Flaps exist in various forms, from simple
advancement flaps to composite flaps.' A perforator flap is
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a flap that comprises a skin or subcutaneous fat. The sup-
plying blood vessels are isolated perforators.? Perforator
flap is considered a significant concept on reconstructive
surgery. It provides an opportunity to perform less inva-
sive and more complicated procedures by conserving
essential blood vessels and muscles with intramuscular
vessel dissection. The term “perforator” indicates that the
vessel perforates the muscle, followed by the vessel perfo-
rating the deep fascia irrespective of muscle perforation.’
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In contrast to conventional flaps, the approach initiates
from the distal part of circulation at the subcutaneous tissue
layer continuing to the source vessel to harvest a perforator
flap. The flap harvest is usually free-style, considering the
anatomical variations of the pedicle.* Partial flap necrosis
is the most frequent adverse outcome of flap surgery. The
distal part of flaps is more likely to develop ischemic necro-
sis.> The underlying causes are inadequate arterial supply
or inadequate venous outflow.® The most efficient way to
prevent flap necrosis is to provide sufficient blood flow in
the microcirculation. Many angiogenic factors affect the
stimulation, promotion, and stabilization of new vessels,
including vascular endothelial growth factors, fibroblast
growth factors, angiopoietins, platelet-derived growth fac-
tors, monocyte chemotactic protein-1, and transforming
growth factors.’ Stem-cell-based therapy has also been sug-
gested to be beneficial for stimulating early angiogenesis,
which can effectively prevent skin flap necrosis.’
Mesenchymal stem cells (MSCs) are adult multipotent
stem cells with great potential in regenerative medicine due
to their multilineage differentiation ability.® Bone-marrow-
derived mesenchymal cells also secrete factors useful for
tissue repair.” The main reason for this is their capacity to
communicate with other cells and to carry a significant
amount of bioactive molecules, such as proteins, nucleic
acids, and lipids. These molecules facilitate wound healing
by exerting anti-inflammatory effects, inhibiting apoptosis,
promoting angiogenesis, and facilitating enhanced cell
migration and proliferation.'” Considering the reported
influence of stem cells on tissue recovery and prevention of
flap necrosis, this study was conducted to evaluate the
effect of stem cells on the survival of the perforator flap in
rats.

Methods and materials

Laboratory animals

This current experimental study was conducted at the Faculty
of Medicine, Lorestan University of Medical Sciences,
Khorram Abad, IRAN. 30 Albino Wistar rats with an average
weight of 250-300g were purchased from Lorestan
Aftabavaran Company (Khorramabad, Lorestan, Iran).
Before the start of the study, an ethical clearance from the
Health Research Ethical Committee of Medical faculty was
obtained (number: IR.LUMS.REC.1400.096). All procedures
performed were under the standards outlined in the Guide for
the Care and Use of Laboratory Animals Declaration. All
authors declared that all legal and ethical aspects of the cur-
rent study have been fulfilled before and during the study
period. For animal identification, the pairing method was a
selective method with standard equipment and laboratory
animal handling tools such that racks for each group, cages
for each animal, and cage cards to name were separate, all of
which formed the basis of the identification process.

Cells cultures

The standard protocol was used to obtain bone marrow mesen-
chymal stem cells (BMMSCs), which were isolated from bone
marrow obtained by perfusing the femur. In phosphate-buff-
ered saline (PBS), sterile tubes with 50-IU/mL heparin and
0.25-mg/L gentamicin were used to transport the marrow aspi-
rate to the laboratory, which was at a temperature of 20-25°C.
After placing 10mL of bone marrow aspirate into a centrifuge
tube, it was pelleted at 350g for Smin. After removing all
excess water, the cell pellet was placed in 20mL of lysis buffer
(114mMNH,Cl, 7.5mM KHCO,, 0.1 mM EDTA) and allowed
to dissolve for 3—5min. After second centrifugation, the cell
pellet was resuspended in a nutrient medium for BMMSCs
(DMEM/F12 (Invitrogen, Waltham, MA, USA), 10% FBS
(Invitrogen, Waltham, MA, USA), 0.4uM insulin, 20ng/mL
bFGF, 10nM dexamethasone, 100ug/mL penicillin, and
100 pg/mL streptomycin (Invitrogen, Waltham, MA, USA)).
The cells were passed through four times in accordance with a
standard protocol. Briefly, 5—7mL of a suspension of mononu-
clear cells (1.0-1.5 X 10°cells/mL) was sown in culture flasks
(25cm?) and incubated at 37 ©, 5% CO, under high-humidity
conditions. The culture medium was changed every 72h. The
cells were washed in Dulbecco’s PBS with no Ca, and Mg,
ions from Sigma-Aldrich in Salisbury, UK after reaching 90%
confluency, and washed with the same substance as the other
ones.

Then, cells were removed from the culture plastic with triple
solution (Invitrogen, Waltham, MA, USA), centrifuged at 350g
for Smin, the supernatant was collected, and the pellet was
resuspended in a nutrient medium, next 1/3 of the cell suspen-
sion was placed on a new culture flask. Four times, the cycle
was repeated. Flow cytometry analysis and documentation of
stem cell features were performed on the fourth passage of
BMMSCs. The flow cytometry analysis procedure was similar
to that reported before. In summary, the Iranian Biological
Resource Center in Tehran, Iran (code number IB RCC10164)
characterized surface markers CD90, CD45, CD34, and CD105.
The differentiation of MSC into multiple different lineages was
induced by osteogenic differentiation in a a-MEM medium that
contained 0.1 uM of dexamethazone, S0 uM of ascorbic acid,
and 10mM of glycerophosphate. Besides, adipogenic differen-
tiation was induced in a-MEM with 0.5 uM of dexamethazone,
0.5mM of 3-isobutyl-1methylxanthine, and 0.1mM of indo-
methacine.! BMMSCs were labeled with red fluorescent mol-
ecule CM-Dil (C7000; Invitrogen). Diluting CM-Dil with 95%
ethanol at 20% concentration produced the cell labeling solu-
tion, followed by selecting cells of 1 10° in 1 mL of DMEM.
Each 1mL of cell suspension was mixed with gentle pipetting
after adding SmL of the cell labeling solution. Next, incubation
was done for 20 min at 37°C, and then, the falcon in which the
cells were suspended was placed along with CM-Dil for centri-
fuging at a speed 1500rpm for Smin, preferably at 37°C.
Finally, after removing the supernatant, the cells were gently
suspended in a warm environment (37°C) once again in the
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DMEM." In order to estimate the percentage of live cells,
trypan blue staining was utilized to distinguish between live and
nonliving cells. To put it briefly, cell samples were diluted with
normal saline. For viability assessment, the cell staining was
done with a 0.4% Trypan blue solution (GibcoTM) and the
counting was conducted in a Neubauer chamber. A Neubauer
chamber was loaded with 10pL of the solution after mixing
trypan blue with cell suspension and pipetting it properly.
Afterward, the cells were inspected under a microscope in all
four hemocytometer squares, and the number of cells per square
(10%g/mL) was determined.

Surgical method and cell implantations

The rats were anesthetized with intraperitoneal phenobarbi-
tal (60mg/kg)."" After anesthesia, the animals were fixed to
the operating table in the prone position. The dorsal area was
shaved and disinfected with betadine and 70% alcohol. A
rectangle measuring 11 X 2.5cm was drawn. The upper side
of the rectangle was located between the spine of the scap-
ula, and the lower side was located between the iliac crest. It
was then dissected, and a skin flap was harvested. All skin
connections except the particle were cut. There was a deep
circumflex iliac artery on the right side of the flap.'? There
were the anatomical region (deep circumflex iliac), the
dynamic region (intercostal artery), and the potential region
(thoracodorsal artery) in the flaps.!! After ligature of thora-
codorsal and intercostal arteries, the flap was sutured to its
original location (Figure 1(a)—(d)).!?

In the subgroups receiving cell injection, BM-MSCs
(7 X 10°cells per 0.25mL of PBS) were injected intraopera-
tively with an insulin syringe into the area of flap implanta-
tion to ensure cell colonization of the wound surface (Figure
2),'* the flap was sutured at a distance of 0.5cm from the
skin with nylon 4-0. In the saline receiving group, 50 ccs of
0.9% normal saline were injected at 8 points of the flap, and
then the skin was sutured (Figure 2). In the control group, no
intervention was done. Immediately after surgery, pictures
were taken of each flap using a camera (Sony Song Jap).
Samples were taken on the zero-day and day 7 after sur-
gery.'> 7 All rats were examined for complications like acute
inflammation, abscess formation, serum accumulation, or
necrosis on day 7 after flap surgery. The survival area, distin-
guishable from the necrotic area, was defined as an area with
no color change or stiffness.

Measurement of the flap on day zero (surgery
day)

After surgery on day 0, the flap size was measured to confirm
that it was the same in all three groups of rats, and this range
was transferred to a sterile, transparent sheet placed on the
flap.'® In the paper template area (PTA) method, patterns
designed in checkered paper with a resolution of 300 dpi were
scanned, and the total area of the flap was measured using

ImageJ 1.52v software (LOCI, University of Wisconsin-
Madison, USA)."

Measurement of the flap on day 7 after surgery

The survival area in all three groups was recorded by the
PTA method with a Sony jap camera, and then the photos
were analyzed by Imagel] software. We measured the sur-
vival rate of each flap using the following formula. Then, the
unit conversion to mm? was performed.

Survival area of the Flap

_ Number of pixels of survival area of the flap

Number of pixels of the total area

Histological examination

All the rats were euthanized chloroform agents. Samples
were extracted, fixed with 10% neutral buffered formalin,
and embedded in paraffin 7 days after implanting. Serial par-
affin sections with a thickness of 5pum were stained with
hematoxylin and eosin (H&E), for further morphological
assessment using performed on 100 random fields in 10 sam-
ples from each group to count the number of vessels. The
number of blood vessel densities is calculated based on ste-
reological methods, which reports 3D-related information in
terms of three-dimensional values. The framework of a field
is arranged by a unique counting frame in the dermal area.
Volume Density of the vessels from Vv (vessel/dermis) was
counted as P (Vessel)/P (dermis), where the number of P
(Vessel) was placed between the points of the pattern.?’

Statistical analysis

The statistical analysis of obtained data was carried out using
GraphPad Prism 7.0 software (Boston, USA) with three-way
analysis of variance (ANOVA) and post hoc analysis using
Tukey’s mean. The use of nonparametric statistics (Spearman’s
rank correlation coefficient) was utilized to search for correla-
tions. A p-value below 0.05 was what the level of statistical
significance was defined as.

Results

Gross explanations

All animals endured the flap surgery. None displayed any
signs of complications, inflammation and/or transudation at
the surgical site.

Marker expression

Flow cytometry showed that more than 82% BMMSCs
expressed CD90 and CD105 and about 1% expressed CD34
and CDA45.
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Figure |. Performing perforator flap model in rat skin, ((a)—(d)) drawing a rectangle measuring 2.5 X | | cm on animal dorsal skin ((b)
and (c)), performing skin flap surgery and cutting all skin connections except the pedicle (d). Dorsal perforator flap. The perforator flap
in rats shows intercostal artery, thoracodorsal artery, and deep circumflex iliac artery. Choke | is located between the anatomical and
dynamic regions; Choke Il is situated between the dynamic and potential areas.

Following of transplanted cells

On the seventh day after surgery, we noted that the CM-Dil-
labeled BMMSCs could still be found in the region of the
flaps in the BMMSCs group (Figure 3).

Findings of a viable perforator flap

On the seventh day after surgery, the mean survival arca was
62.5mm? in the control group, 56.4 mm? in the saline receiv-
ing group, 75.8mm? in the BMMSCs receiving group, and
64.9mm? in all three groups. On the seventh day following
surgery, there was no significant difference between the

groups in the mean survival area of the perforator flap
(p=0.107) (Figure 4).

Histopathological examinations of vessels

The control group averaged one vessels per group, while
the saline receiving group averaged one vessels per group,
and the MSC receiving group averaged two vessels per
group. The mean number of vessels in all three groups was
1.3667. Post hoc Bonferroni correction showed that the
number of vessels in the MSC group was significantly
higher than in the saline and control groups (p <0.001),
but there was no significant difference between the
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2.5cm

11 cm

Figure 2. The minor black points show the injection site of
MSCs and saline in flaps.

number of vessels in the saline and control groups (p=0.99)
(Figure 5).

Discussion

Ischemic necrosis resulting from inadequate blood supply is
a crucial complication of flap surgery. The special tech-
niques and advantages of perforator flaps can make any
reconstructive procedure better for both functional and aes-
thetic purposes. In the beginning, the perforator flaps were
used as open flaps, leading to a significant decrease in donor
site morbidity. The flaps’ viability is not affected by the
location of the perforator within the zone of injury, which
can be a potential disadvantage. The capture of multiple
adjacent perforasomes is possible through direct and indi-
rect linking vessels by hyperperfusion in a perforator.?!
Venous congestion of the tip or the entire flap is a frequent
problem with perforator flaps, which is caused by the insuf-
ficient flow in the perforator pedicle. The reason for this is
either the perforator’s insufficient selection or dissection
and mobilization, particularly around the vein.?? Different
surgical and non-surgical methods have been suggested to
decrease the risk of ischemia. One of the surgical methods
to deal with ischemia is to change the main position of the
flap. The use of growth factors that stimulate angiogenesis
has been proposed as a promising way to enhance the sur-
vival of flaps.?® Furthermore, it has been established that
bone-marrow-derived cells play a crucial role in both
ischemic and non-ischemic wound healing processes. MSC
therapy in particular is considered important agents against

Figure 3. CM-Dil-labeled BMMSCs (arrows) distinguished in
the skin flap by a fluorescent microscope at day 7 after surgery.
BMMSCs, bone marrow mesenchymal stem cells.

flap necrosis due to their angiogenic features.* The use of
stem cells has its advantages, but it comes with limitations.
Because they are not thought to be safer, have the potential
for tumorigenesis, and carry the risk of embolism.?” It is still
important to address the issue of immune rejection in the
clinical setting. Cell loss can cause a limited efficacy and a
potential for serious adverse events in certain circumstances.
The ability to repeat doses of cell therapy is limited by
immune rejection, at the very least. Efficacy can be achieved
only for a limited duration of cell survival, which is depend-
ent on a short-term trophic effect for some indications.
Many treatments aim to replace tissues or organs, which
means that long-term cell survival and avoidance of host
immune responses are required.”® To address this challenge
as well as inflammation and hyoxia, we proposed a strategy
using BMMSC:s in flap reconstruction type perforation with
three main vessels for wound treatment, which did not result
in a significant increase in the survival area due to the rela-
tively limited lateral perfusion at the wound site, but was
effective in the distribution and proliferation of micro ves-
sels. The emerging field of regenerative medicine has ren-
dered possible the bioengineering of a skin flap one type
engineered vascularized biologic or composite tissue.
Research on the bioengineering of skin flap to date mainly
involves two aspects: the types of biomaterials used, and
strategies for promoting neovascularization.?’

Investigated the influence of chicken embryo extract and
BM-MSCs on skin flap survival in rats.

They demonstrated that transplantation of BM-MSCs and
chicken embryo extract improved flap survival. Despite this,
the biomechanical assessment revealed a slight contrast
between the treatment and control groups.?® To improve the
hemostatic and antioxidant properties of wound dressings, a
hybrid hydrogel was designed that uses polyvinyl alcohol,
gelatin (GA), and borax. Therefore, it is well-suited foe
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Figure 4. The macroscopic examination of the perforator flap on the day of surgery (a) and day 7 after surgery (b). In Figure (b),
the necrotic area is marked with a red line, and the survival area is marked with a blue line. (c) Comparison of mean survival area of
perforator flap tissue in all three groups on the seventh day after surgery.
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Figure 5. Histopathological evaluation demonstrates that d (dermis), v (vessels), and h (hair follicle) formation and maintains its original
architecture. D Represents the comparisons of the number of vessels of perforator flap tissue between groups on the seventh day after

surgery (Scale bar 50 pm).

wound that need recurrent extending and for use in parts of
the body that are in continuous signal and can provide
defense to wounds by efficiently fastening the wound site,
falling the risk of more injury or corruption.?

Chen et al.?® evaluated factors released by BM-MSCs and
their impact on the cells responsible for wound healing. They
reported that BM-MSCs secreted a high amount of
chemokines and cytokines, which could improve the wound
healing process. Moreover, the BM-MSC-conditioned
medium considerably increased the migration of keratino-
cytes, macrophages, and endothelial cells and the prolifera-
tion of endothelial cells and keratinocytes. Ding et al.?’
assessed the effects of BM-MSC on the survival of the

three-territory perforator flaps in rats. BM-MSC injection
led to a higher flap survival rate. Also, the diameter and den-
sity of microvessels increased in the BM-MSC group. Stem
cell therapy can improve early angiogenesis by stimulating
vascular endothelial growth factor (VEGF). The injection of
bone-marrow-derived cells prevents skin flap necrosis and is
an effective method for increasing the survival rate of skin
flaps.’

Conclusion

The present study results showed that BM-MSCs accelerated
the wound healing process in rats. Using BM-MSCs in
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perforator flaps can be a promising concept in reconstructive
surgery. Further research is needed to examine the impact of
stem cells on flap survival and uncover the underlying mech-
anisms. Multiple functions, including hemostasis, antioxi-
dant activity, oxygen delivery, and enhanced exosome
transport, are combined in this advanced dressing in a syner-
gistic way.

Acknowledgements

Our article is taken from a student thesis (Code; 2001) submitted
for the award of a doctoral degree: Doctoral dissertation by Fatemeh
Bazgir. This study was financed by grants from the Vice Chancellor
of Research and Technology at Lorestan University of Medical
Sciences, Khorramabad Iran (IR.LUMS.REC.1400.096).

Author contributions

Author contributions are as follows: F.C. designed this study, per-
formed research, and revised the paper. F.B. performed the experi-
ments; B.M. and F.C. analyzed the data; A.K.R. wrote the first draft
of the manuscript. The final approval of the published version was
the responsibility of all authors.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

Funding

The author(s) disclosed receipt of the following financial support
for the research, authorship, and/or publication of this article: The
author(s) established without financial support and only Lorestan
University of Medical Sciences provided academic support for this
research.

Ethics approval

This study was conducted with the permission of the Research
Ethics Committee of Lorestan University of Medical Sciences with
the code IR.LUMS.REC.1400.096.

Animal welfare

All steps were completed based on the Guide for the Care and Use
of Laboratory Animals.

ORCID iD

Farzaneh Chehelcheraghi
9184

https://orcid.org/0000-0002-5796-

References

1. Muthunagai R, Agarwal M and Sivasankary R. Flaps and its
classification in head and neck reconstructive procedures-a
review. Saudi J Oral Dent Res 2019; 4(5): 287-293.

2. Blondeel PN, Van Landuyt K, Hamdi M, et al. Perforator
flap terminology: update 2002. Clin Plast Surg 2003; 30(3):
343-346.

11.

12.

13.

14.

15.

16.

18.

19.

Yamamoto T, Yamamoto N, Kageyama T, et al. Definition
of perforator flap: what does a “perforator” perforate? Glob
Health Med 2019; 1(2): 114-116.

Kim JT and Kim SW. Perforator flap versus conventional flap.
J Korean Med Sci 2015; 30(5): 514-522.

Baris R, Kankaya Y, Ozer K, et al. The effect of micronee-
dling with a roller device on the viability of random skin flaps
in rats. Plast Reconstr Surg 2013; 131(5): 1024-1034.

Seyed Jafari SM, Shafighi M, Beltraminelli H, et al.
Improvement of flap necrosis in a rat random skin flap model
by in vivo electroporation-mediated HGF gene transfer. Plast
Reconstr Surg 2017; 139(5): 1116e-1127e.

Li Y, Jiang Q-L, Van der Merwe L, et al. Preclinical effi-
cacy of stem cell therapy for skin flap: a systematic review
and meta-analysis. Stem Cell Res Ther 2021; 12(1): 1-12.
Merino-Gonzalez C, Zuiiga FA, Escudero C, et al.
Mesenchymal stem cell-derived extracellular vesicles promote
angiogenesis: potencial clinical application. Front Physiol
2016; 7: 24.

Jin M, Wu Y, Wang J, et al. MicroRNA-29 facilitates trans-
plantation of bone marrow-derived mesenchymal stem cells to
alleviate pelvic floor dysfunction by repressing elastin. Stem
Cell Res Ther 2016; 7(1): 167.

Karaoz E, Aksoy A, Ayhan S, et al. Characterization of mes-
enchymal stem cells from rat bone marrow: ultrastructural
properties, differentiation potential and immunophenotypic
markers. Histochem Cell Biol 2009; 132(5): 533-546.

Wang L, Jin Z, Wang J, et al. Detrimental effect of Hypoxia-
inducible factor-1a-induced autophagy on multiterritory per-
forator flap survival in rats. Sci Rep 2017; 7(1): 1-11.

Tao X-Y, Wang L, Gao W-Y, et al. The effect of inducible
nitric oxide synthase on multiterritory perforator flap survival
in rats. J Reconstr Microsurg 2016; 32(09): 643-649.
Nemethova M, Talian I, Danielisova V, et al. Delayed brad-
ykinin postconditioning modulates intrinsic neuroprotec-
tive enzyme expression in the rat CA1 region after cerebral
ischemia: a proteomic study. Metabolic Brain Dis 2016;
31(6): 1391-1403.

Kulakov A, Kogan E, Brailovskaya T, et al. Mesenchymal
stromal cells enhance vascularization and epithelialization
within 7 days after gingival augmentation with collagen matri-
ces in rabbits. Dent J 2021; 9(9): 101.

Chehelcheraghi F, Eimani H, Homayoonsadraie S, et al.
Effects of acellular amniotic membrane matrix and bone
marrow-derived mesenchymal stem cells in improving ran-
dom skin flap survival in rats. /ran Red Crescent Med J 2016;
18(6): €25588.

Chehelcheraghi F, Eimani H, Sadraie SH, et al. Improved
viability of random pattern skin flaps with the use of bone
marrow mesenchymal-derived stem cells and chicken embryo
extract. [ran J Basic Med Sci 2015; 18(8): 764.

Dingsheng L, Zengbing L and Dong H. Favorable effects of
progesterone on skin random flap survival in rats. /ran J Basic
Med Sci 2016; 19(11): 1166.

Sasaki GH and Pang CY. Hemodynamics and viability of
acute neurovascular island skin flaps in rats. Plast Reconstr
Surg 1980; 65(2): 152—158.

Tim CR, Martignago CCS, da Silva VR, et al. A comparison of
three methods for the analysis of skin flap viability: reliability


https://orcid.org/0000-0002-5796-9184
https://orcid.org/0000-0002-5796-9184

SAGE Open Medicine

20.

21.

22.

23.

and validity. Adv Wound Care (New Rochelle) 2018; 7(5):
157-163.

Amini A, Pouriran R, Abdollahifar M-A, et al. Stereological
and molecular studies on the combined effects of photobio-
modulation and human bone marrow mesenchymal stem cell
conditioned medium on wound healing in diabetic rats. J
Photochem Photobiol B 2018; 182: 42-51.

Saint-Cyr M, Wong C, Schaverien M, et al. The perforasome
theory: vascular anatomy and clinical implications. Plastic
Reconstr Surg 2009; 124(5): 1529-1544.

Georgescu AV. Propeller perforator flaps in distal lower leg:
evolution and clinical applications. Arch Plastic Surg 2012;
39(02): 94-105.

Rah DK, Yun IS, Yun C-O, et al. Gene therapy using hepato-
cyte growth factor expressing adenovirus improves skin flap
survival in a rat model. JKMS 2014; 29(Suppl 3): S228-
S236.

24.

25.

26.

27.

28.

29.

Zhang F-G and Tang X-F. New advances in the mesenchymal
stem cells therapy against skin flaps necrosis. World J Stem
Cells 2014; 6(4): 491-496.

Han X, Saengow C, Ju L, et al. Exosome-coated oxygen nanobub-
ble-laden hydrogel augments intracellular delivery of exosomes
for enhanced wound healing. Nat Commun 2024; 15(1): 3435.
Haworth R and Sharpe M. The issue of immunology in stem
cell therapies: a pharmaceutical perspective. Regener Med
2015; 10(3): 231-234.

Zhou X, Luo X, Liu F, et al. A novel animal model for skin flap
prelamination with biomaterials. Sci Rep 2016; 6(1): 34144.
Chen L, Tredget EE, Wu PY, et al. Paracrine factors of mesen-
chymal stem cells recruit macrophages and endothelial lineage
cells and enhance wound healing. PLoS One 2008; 3(4): ¢1886.
Ding JP, Chen B, Qian W], et al. Effect of bone marrow mes-
enchymal stem cells on perforator skin flap survival area in
rats. Br J Oral Maxillofac Surg 2020; 58(6): 669-674.



