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ABSTRACT
Background: Burn scar-derived skin fibrosis
has functional and aesthetic sequelae for pa-
tients, still pose therapeutic challenges. This is
specially pronounced in the hands where con-
tractures limit function. Despite the fact that fat
grafts have shown good results in partially
restoring function and appearance, limitations
still persist.
Objectives: The aim of this case report is to show
the functional and aesthetic effects of the appli-
cation of adipose-derived stromal vascular frac-
tion in the treatment of burn-related late
sequelae affecting skin of the hand dorsum and
the fingers’ function.
Patients and Methods: The patient received intra-
articular and subcutaneous injections of adipose-
derived autologous stromal vascular fraction.
Muscle strength, range of motion, functional,
dexterity and occupational statuses were as-
sessed continuously before and after surgery (6
week and 6, 12 and 24 months follow-ups). Color
power Doppler ultrasound imaging was per-
formed at 4 months after SVF application to vi-

sualize small vessel presence and their associated
density at the infiltrated locations.
Results: No local/systemic complications were ev-
idenced with the procedure. As early as 6 weeks
(and extended throughout the follow-up period),
all joints regained full and painless range of mo-
tion, handwriting was restored, as well as daily
activities. Elasticity and color of the skin were
improved. Ultrasound examination evidenced
the presence of an intricate network of vessels
surrounding each injected MCP joint and
throughout the dermis of the dorsal surface of
the treated hand.
Conclusion: Having observed physical changes
in scarred skin and functional improvement in
hand/fingers after the application of SVF, we
propose that this technique can constitute a novel
and minimally invasive means to alleviate the ef-
fects of scarring in these patients.

INTRODUCTION
Burn scar-derived fibrosis continues to be a recon-
structive challenge. No region of the human body
is more sensitive to subcutaneous fibrosis than the
hand. Despite the most accurate and timely treat-
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2 M.H. Carstens, D. Correa, R. Llull, et al. blood or other hemoderivatives (e.g., platelet rich
plasma)11. 

The effect of adding SVF to a conventional fat
graft is to potentiate its survival by means of induc-
tion of new blood vessels generation. Examples of
this include treatment of facial lipodystrophy, breast
and buttock reconstruction, and therapy for chronic
ulcers12-14. Whether administered as an SVF-en-
hanced fat graft or as a solution of SVF placed ei-
ther subcutaneously or intra-articularly the goal is
to alter the biology of the recipient tissue. 

CASE REPORT
A 58 year-old right-handed female journalist pre-
sented to the APROQUEN Foundation for treatment
for late sequelae of burn scars injuries in her right
upper extremity involving the dorsum of her right
hand, web spaces and fingers, resulting in functional
limitations in her wrist not observed in elbow and
shoulder (Figure 1 and Table 1). Injuries were sus-
tained 2 years before for which she received local
treatment, with subsequent severe contractures of the
right hand and forearm involving hyperextension of
her wrist, fingers, and limited flexion of the metacar-
pophalangeal (MCP), proximal interphalangeal
(PIP), and distal interphalangeal (DIP) joints (Table
2). Over the following 4 years she underwent a total
of 10 reconstructive procedures, including releases
with split thickness skin grafts and z-plasties, re-
covering some degree of mobility (documented by
her hand therapist) but still presenting functional
deficits that significantly limited her daily activities.
The skin of the dorsum of the hand was tight with
numerous scar contractures. Composite flexion was
incomplete and painful. Tightness of the web space

ment, late scar contractures continue to be a chal-
lenge for function. Histological studies of fat grafts
have documented changes in texture and appear-
ance with signs of regeneration characterized by
neovascularization, increased collagen content, and
dermal hyperplasia1-3. This results in better flexibil-
ity, color, and texture with improvement in contrac-
tures. However, the subcutaneous space in a burn
injury constitutes a hostile environment for a fat
graft, often compromising the ultimate clinical re-
sult. Hence, an optimal strategy would be to intro-
duce into that space elements capable of inducing
new blood vessels formation while assuring volume
restoration and and tissue regeneration. 

Mesenchymal Stem Cells (MSCs) constitute a
cell population present in all tissues, including fat,
organized at the perivascular space4-7. As part of
their trophic activities8, they produce angiogenic
factors such as VEGF (vascular endothelial growth
factor) and HGH (hepatocyte growth factor), pos-
tulated to enhace graft survival9,10. 

Today there exist various technologies that per-
mit the processing of fat in order to obtain the stro-
mal vascular fraction (SVF), which constitutes the
cellular component where MSCs and other cell
types are included. These techniques have, as a
common factor, an enzymatic digestion of adipose
tissue using one form or another of collagenase, fol-
lowed by centrifugation. SVF obtained in this man-
ner constitutes an autologous vascular element of
the patient’s own fat and, as a consequence, could
be readministered back into the patient following a
similar logic as if it were an autotransfusion of

Figure 1. Pre-operatively right hand function: A,Abduction dorsal; B,Abduction palmar showing limitation of the thumb; C, Fist
and composite digit flexion (palmar) showing inability to achieve full closure; D, Fist dorsal showing extensive scarring (Carstens
M. et al).
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particularly on either side of the middle finger lim-
ited finger abduction. Scarring around the base of
the thumb resulted in a complete inability to perform
opposition (Figure 1 and Table 2). Functionally, her
handwriting was severely limited as she was not able
to properly grasp a pen. In addition, her use of the
keyboard for writing reports was restricted to two
fingers. Other routine activities, such as embroidery
were similarly limited (Table 3). 

As a result of incomplete functional recovery, 1
year later the patient was declared candidate for a
cell-based therapy approach, thus receiving local in-

jections of fat-derived stromal vascular fraction
(SVF) containing autologous mesenchymal stem
cells (MSCs). Immediately after the cell count, 2 cc
of saline containing a total of 6 x 106 SVF-derived
cells were divided between and injected into each
of the 4 MCP joints affected. The dorsum of the
hand received a total of 20 cc of autologous fat en-
riched with a total of 2.7 x 106 SVF-derived cells as
a series of injections into the subcutaneous space.
The patient tolerated the procedure without issues,
and no local or systemic complications were evi-
denced thereafter.
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Table 1. Upper right extremity functional assessment: Joints range of motion (articular amplitude) and muscle strength (1 to 5)
evaluated in the upper right extremity at the time of treatment and subsequent follow-ups. N = Normal; L = Limited.

SEGMENT Initial evaluation 6 weeks follow-up 6, 12, 24 months follow-ups

Articular Muscle Articular Muscle Articular Muscle 
amplitude strength amplitude strength amplitude strength

Shoulder
Flexion N N N N N N
Extension N N N N N N
Abduction N N N N N N
Horizontal adduction N N N N N N
Horizontal abduction N N N N N N
External rotation N N N N N N
Internal rotation N N N N N N

Elbow
Flexion N N N N N N
Extension N N N N N N
Pronation N N N N N N
Supination N N N N N N

Wrist
Flexion N N N N N N
Extension N N N N N N
Fist L 3/5 N 3+/5 N 4/5

Table 2. Right hand’s joints functional assessment: Range of motion of digits joints (MCP = Metacarpophalangeal; PIP = Prox-
imal Interphalangeal; DIP = Distal Interphalangeal), opposition of the thumb to each one of the digits, and digit flexion meas-
ured as the distance from fingertip to the proximal palmar crease (in cm), evaluated at the time of treatment and subsequent
follow-ups. Ach = Achieved.

Initial evaluation 6 weeks follow-up 6, 12, 24 months follow-ups

Index Middle Ring Small Index Middle Ring Small Index Middle Ring Small

MCP 70° 70° 70° 70° 90° 90° 90° 90° 90° 90° 90° 90°
PIP 50° 50° 50° 50° 100° 100° 100° 100° 100° 100° 100° 100°
DIP 45° 45° 45° 45° 90° 90° 90° 90° 90° 90° 90° 90°
Thumb opposition to NO NO NO NO YES YES YES YES YES YES YES YES
Digit flexion 2.5 3 3.5 3 Ach. Ach. Ach. Ach. Ach. Ach. Ach. Ach.



At six (6) weeks post-op, and corroborated at 6,
12 and 24 months, all joints had achieved a full and
painless range of motion, including composite flex-
ion of MCP, PIP and DIP, and opposition of the
thumb (Tables 1 and 2). The patient’s handwriting
was restored, as well as the use of the computer key-
board and the embroidery activities, all without dif-
ficulties (Table 3). The extensor tendon gliding was
improved, as was the elasticity and color of the skin

over the dorsum (Figure 2). Point of care ultrasound
examinations of the patient’s hands were performed
4 months after SVF application to compare the vas-
cularity of the subcutaneous tissues of the right hand
with the uninjured left hand. The presence of a new
network of vessels surrounding each injected MCP
joint and throughout the dermis of the dorsal sur-
face of the treated hand was readily documented
(Figure 3, first MCP). 

Table 3. Right hand’s function and dexterity: Evaluation of various daily activities performed with the hands (dexterity), eval-
uated at the time of treatment and subsequent follow-ups.

Functional test/symptoms Initial evaluation 6 weeks follow-up 6, 12, 24 months follow-ups

Fingers muscle strength 3+/5 4/5 4/5
Key pinch Not achieved Achieved with difficulty Achieved without difficulty
Pencil pinch Not achieved Achieved with difficulty Achieved without difficulty
Cylinder pinch Achieved without difficulty Achieved without difficulty Achieved without difficulty
Carry briefcase Achieved with difficulty Achieved without difficulty Achieved without difficulty
Adduction pinch Not achieved Achieved without difficulty Achieved without difficulty
Computer writing (typing) Unable No limitations No limitations
Hand writing (with a pen) Unable No limitations No limitations
Pain and numbness With mobility Absent Absent

Figure 2. Post-operatively right hand function: A,Abduction dorsal showing increase in webspaces; B,Abduction palmar demonstrat-
ing dramatic increase in first webspace; C, Fist and composite digit flexion (palmar) showing the ability to achieve closure into the palm
and the position of the thumb, which is now in contact with the index finger. Patient now can oppose the thumb into all positions and
has effect key pinch and chuck pinch. D, Fist dorsal exhibiting extensive dorsal scarring softened, with a more elastic skin; E) Pinch
test view shows dramatic changes in elasticity of the hand dorsum skin. Post op series was taken at 6 weeks. No appreciable changes
seen in subsequent follow-ups (Carstens M. et al).

BA C D

E



PATIENTS AND METHODS
The procedures followed were in accordance with
the ethical standards of the responsible committee
on human experimentation (institutional and na-
tional, Universidad Nacional Autonóma de
Nicaragua – León) and with the Helsinki Declara-
tion of 1975, as revised in 2000.

OBTAINING OF FAT-DERIVED STROMAL
VASCULAR FRACTION (SVF)
Under short general anesthesia, 108 cc of dry fat
were harvested from subcutaneous fat directly into
a sterile processing canister (GID SVF-1,
Louisville, CO, USA). The lipoaspirate was washed
three times to remove red cells and fat oil. Approx-
imately 125 ml of Lactated Ringer’s solution was
added to the adipose tissue with collagenase enzyme
(Worthington CLS-1, Lakewood, NJ, USA) at a
concentration of 200 CDU/ml of total volume. The
mixture was dissociated for 40 minutes in an incu-
bated shaker table at 38ºC and at 150 RPM. After
dissociation, the mixture was centrifuged for 10
minutes at 800x gravity. The resulting concentrated
SVF at the bottom of the device was removed using
a 6-inch needle. Ten microliters (µl) of SVF were
taken from the final suspension and submitted for
differential staining. Two samples were then passed
through an image cytometer (ADAM MC, Port-
mouth, NH, USA) for cell counting and viability as-
sessment. More than 4 x 107 total mononuclear cells
(MNC) were obtained, equivalent to an average of
5 x 105 MNC per gram of dry fat. The total time to
process the SVF cells was 70 minutes.

PHYSICAL AND OCCUPATIONAL THERAPY EVALUATION
Muscle strength (functional muscle test of Daniels),
range of motion, functional, dexterity and occupa-
tional statuses were assessed continuously before
and after surgery (6 week and 6, 12 and 24 months
follow-ups).

COLOR POWER DOPPLER (CPD) IMAGING
Using a linear, high frequency 10-5 MHz ultrasound
probe, images were recorded through a water bath
to prevent tissue distortion. Emphasis was placed on
the MCP joints and the dorsal dermal tissues. Color
Power Doppler imaging was performed to visualize
small vessel presence and their associated density.

DISCUSSION
The use of fat grafts for subcuteneous reconstruc-
tion has been part of the plastic surgery armamen-
tarium for over 100 years. The advent of
lipoaspiration in the 1980’s facilitated the collection
of fat, giving impulse to renewed efforts to inject
the harvested tissue. Nonetheless, clinical experi-
ence had to mature because the techniques for pro-
cessing such fat grafts were at first very
rudimentary, with consequent poor results15. At the
beginning of a fat grafting procedure the graft must
acquire its nutrition by diffusion until vessels from
the surrounding tissue can infiltrate it with new ram-
ifications. In large grafts, the resulting vascular in-
sufficiency causes necrosis of the central part of the
tissue that is manifested during the first 6 months
as a progressive atrophy (i.e.: resorption) with loss
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Figure 3.High frequency ultrasound power Doppler image of the dorsal first metacarpophalangeal joint: A,Right (treated) hand shows
increased vascularity and evidence of branching neovascularization throughout the thickness of the dermis. Zero degree angle interro-
gation and 896Hz frequency is sufficient to demonstrate the marked vascular activity. Images were recorded through a water bath
medium to avoid compression of microvessels and dermal structures. Images obtained via SonoSite M Turbo with 5-10MHz linear
probe. B, Left (untreated) first metacarpophalangeal joint obtained through a water bath to avoid tissue distortion. Increased frequency
(4902 Hz) and 15 degree interrogation angle was necessary to detect any vascular signal. (Carstens M. et al).
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of adipocytes, fibrosis and the production of cysts16.
To minimize these volume losses, Coleman devel-
oped less traumatic techniques for harvest, process-
ing, and injection with results proven to be reliable
and durable17,18. This methodology, called “li-
postructure”, distributes the fat graft via microdis-
persal, drop-by-drop, in different planes, using
multiple entry sites7. 

Many reports now document the utility of fat grafts
to re-establish subcutaneous volume in the face19-22, in
the breast23,24, in congenital subcutaneous defects25, and
in skin ulcers26. As lipostructure in its various forms
has been incorporated into plastic surgery, many have
noted regenerative changes in skin previously dam-
aged by radiation, scars, or burns as a response to sub-
cutaneous fat grafting1-3,27,28. The key to understanding
the mechanisms involved in this therapeutic phenom-
enon lies in the existence of Mesenchymal Stem Cells
(MSCs) within the adipose tissue as first reported by
Zuk et al29,30 at the University of Pittsburgh. The fat is
considered a structural connective tissue, composed
by accumulations of adipocytes interspersed within a
framework of stroma. This stromal component in-
cludes a reticular fiber network, vasculature (typically
small caliber vessels) and its associated cells. There-
fore, after processing the fat with digesting enzymes
(e.g.: collagenase), the cellular component of the
stroma can be released. This stromal vascular fraction
(SVF) contains differentiated cells such as mono-
cytes/macrophages, leucocytes, fibroblasts, pericytes,
and immature adipocytes, as well as undifferentiated
cells such as endothelial progenitors and MSCs31.
These undifferentiated cells within the SVF constitute
the biologically active component of a fat graft, since
they are capable of inducing the formation of new
blood vessels while exerting other trophic effects8.

An extensive and growing body of literature ex-
ists today that documents the therapeutic effects of
these cells after recognizing injured sites character-
ized by active inflammation6,32-34. These effects are
related with immunomodulatory and trophic mech-
anisms, all exerted through the paracrine secretion
of growth factors and citokines by MSCs to the
local envionment. The resulting multi-signaling cas-
cades promote the establishment of a regenerative
environment by limiting inflammatory-mediated
tissue scarring/fibrosis while inducing angiogene-
sis and survival/multiplication of local cells8,35-37.
During cutaneous wound healing, special mecha-
nisms have been described that account for the re-
generative effects of MSCs38. They include: 1)

Modulation of the phenotype and function of T-cells
and macrophages; 2) Neutralization of reactive oxy-
gen species locally; 3) Secretion of anti-fibrotic fac-
tors that modulate the production of wound
healing-associated fibroblasts; 4) Enhancing the
function of dermal fibroblasts while reducing their
myofibroblastic convertion; 5) Promoting angio-
genesis and vascular stability; and 6) Potentially dif-
ferentiating directly into skin resident cells such as
keratinocytes and dermal fibroblasts.

Interestingly, various proposed mechanisms of
MSCs that are active during acute situations seem to
be also present in chronic scenarios such as burn-de-
rived sequelae, also called hypertrophic scarring
(HTS). In particular, and based on our imaging as-
sessments, the formation of new vascular structures
constitutes a predominant phenomenon. It is well es-
tablished that MSCs express and secrete angiogenic
factors such as basic VEGF-A, HGF and FGF, which
enhance proliferation, migration and differentiation
of endothelial cell progenitors39,40. In addition to this
inductive effect, MSCs-secreted factors also promote
vascular stability and vasoprotection41-43. It has been
hypothesized that this angiogenic promoting capabil-
ity of MSCs is facilitated by their perivascular origin,
which is adopted back during the regenerative period
after homing to injured sites6, and when the vascular
remodeling process takes place44,45. 

On the other hand, it is well established that HTS
(i.e.: fibrosis) presents abnormal characteristics of the
ECM structure and function including increased ma-
trix degradation, formation and consequently
turnover46. This turnover and the associated remodel-
ing is directly affected by the availability of local fi-
broblasts to proliferate, migrate and secrete the ECM.
Various mechanisms and signaling cascades have im-
plications in this tissue balance, all exerting anti-scar-
ring effects. Interestingly, and as expected, MSCs
participate in all these mechanisms via their paracrine
activities. For instance, MSCs suppress fibroblast pro-
liferation and reduce skin fibrosis via the secretion and
activity of TGF-b347. In this work, Wu et al demon-
strated in vitro and in vivo that TGF-b3 prevents col-
lagen accumulation and myofibroblast proliferation
and differentiation in pro-fibrotic conditions. In addi-
tion, MSCs affect dermal fibroblast migration in a
dose-dependent manner48. Moreover, it has been
demonstrated that MSCs can prevent HTS via the se-
cretion of TSG-6 (TNF-a-stimulated gene/protein 6)
involving MSCs apoptosis via caspase-3 activation49.
This mechanism suggests that the regulatory effect of
MSCs on inflammation and the subsequent scarring
process involves their temporal presence at the injured
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site, where they secrete TSG-6 induced by apoptotic
signals. Interestingly, the authors demonstrate that
through inhibition of caspase-3-mediated MSCs
apoptosis, the anti-inflammatory/anti-scarring effect
of MSCs is hampered. Finally, it has been demon-
strated that HTS fibroblasts have a reduced collage-
nase activity through matrix metalloproteinase 1
(MMP-1)50,51, resulting in impaired remodeling. Loz-
ito et al demonstrated that MSCs from various sources
including fat are capable of activating exogenous
proMMP-2 and proMMP-13 into their degradative
form52. These MMPs target various ECM components
including different collagens, aggrecan, laminin, per-
lecan, tenascin, fibronectin and elastin53, thus pro-
moting a remodeling state.

Adipose tissue processed in the manner of Cole-
man has a firm place in the treatment of burns54. SVF
has the demonstrated capacity to enhace graft sur-
vival and to produce regenerative factors55-57. The im-
portance of SVF therapy in hand burns is that it can
improve the quality of cutaneous coverage and artic-
ular flexibility in established burn injuries. The tech-
nique is simple and relatively non-invasive.
Therefore, MSC-based treatments offer the possibil-
ity that a similar protocol, applied to the hand within
3 weeks of grafting, might perhaps prevent the
process of secondary scar contracture from initiating. 

Finally, ultrasound tissue imaging has the advan-
tages of being non-invasive, inexpensive, rapid, and
accurate. Use of Color Power Doppler (CPD) allows
for greater detection and increased sensitivity to low
flow states such as arteriole and capillary neovascu-
larization. CPD is very sensitive to the presence of
microvascular flow because it detects Doppler shift
at a high resolution. The image generated is a mono-
chromatic demonstration of vascularity without in-
formation on velocity or direction of flow. In
contrast, color or pulse wave Doppler is dependent
on detection of a mean Doppler shift that is only
present in higher velocity laminar vascular flow58,59.

CONCLUSIONS

We report successful treatment of late sequelae of
burn scars to the dorsum of the right hand using adi-
pose-derived MSCs administered as intra-articular
SVF and as SVF-enhanced fat graft. Not only was
the skin coverage improved but extensor tendon
gliding was enhanced and periarticular structures
were improved all the way along the digits – i.e.:
although only the MPS were injected, function in
all the PIPs and the DIPs was restored to normal.

The time course was very rapid with definitive
changes in range of motion as early as 3 weeks and
confirmatory values at 6 weeks. At one and two
years, no relapse is present with the patient main-
taining a high level of functionality using her hand. 

Having previously observed physical changes in
scarred skin (increased elasticity, enhanced articular
flexibility) after the application of SVF we propose
that this technique can constitute a novel and mini-
mally invasive means to alleviate the effects of scar-
ring in these patients. In such cases a logical treatment
would consist of introducing SVF into the affected
zone in one of two forms: (1) SVF enriched fat graft
under the skin; and (2) direct injection of SVF. 

This case also demonstrates the importance of
ultrasound for documenting vascular changes in this
type of reconstruction. These findings evidence his-
tologic improvements in the subcutaneous space in
an inexpensive and non-invasive way. It is recom-
mended that future studies of this kind take advan-
tage of ultrasound to document clinical progress.

STATEMENT OF INTERESTS:
Authors’ declaration of personal interests: 
(i) Michael H. Carstens and Diego Correa have
served as consultants for the GID Group. No other
individuals have reported interest.

DECLARATION OF FUNDING INTERESTS: 
Devices and enzymes for this study were donated
by the GID Group/GID Américas. Costs for radio-
logic studies were donated by the Hospital Metro-
politano Vivian Pellas, Managua, Nicaragua.

REFERENCES
1. Foyatier JL, Comparin JP, Boulos JP, Bichet JC, Jacquin F.

[Reconstruction of facial burn sequelae]. Ann Chir Plast
Esthet 2001; 46: 210-226.

2. Klinger M, Marazzi M, Vigo D, Torre M. Fat injection for
cases of severe burn outcomes: a new perspective of scar
remodeling and reduction. Aesthetic Plast Surg 2008; 32:
465-469.

3. Viard R, Bouguila J, Voulliaume D, Comparin JP, Dionys-
sopoulos A, Foyatier JL. [Fat grafting in facial burns se-
quelae]. Ann Chir Plast Esthet 2012; 57: 217-229.

4. Caplan AI. All MSCs are pericytes? Cell Stem Cell 2008;
3: 229-230.

5. Crisan M, Yap S, Casteilla L, Chen CW, Corselli M, Park
TS, Andriolo G, Sun B, Zheng B, Zhang L, Norotte C,
Teng PN, Traas J, Schugar R, Deasy BM, Badylak S,
Buhring HJ, Giacobino JP, Lazzari L, Huard J, Péault B. A
perivascular origin for mesenchymal stem cells in multi-
ple human organs. Cell Stem Cell 2008; 3: 301-313.

Stromal vascular fraction use for treating burn-related skin and joints late sequelae 7



6. Lin P, Correa D, Kean TJ, Awadallah A, Dennis JE, Caplan
AI. Serial transplantation and long-term engraftment of
intra-arterially delivered clonally derived mesenchymal
stem cells to injured bone marrow. Mol Ther 2014; 22:
160-168.

7. Sacchetti B, Funari A, Michienzi S, Di Cesare S, Piersanti
S, Saggio I, Tagliafico E, Ferrari S, Robey PG, Riminucci
M, Bianco P. Self-renewing osteoprogenitors in bone mar-
row sinusoids can organize a hematopoietic microenviron-
ment. Cell 2007; 131: 324-336.

8. Caplan AI, Correa D. The MSC: An Injury Drugstore. Cell
Stem Cell 2011; 9: 11-15.

9. Brongo S, Nicoletti GF, La Padula S, Mele CM, DʼAndrea
F. Use of lipofilling for the treatment of severe burn out-
comes. Plast Reconstr Surg 2012; 130: 374e-376e.

10. Sultan SM, Barr JS, Butala P, Davidson EH, Weinstein AL,
Knobel D, Saadeh PB, Warren SM, Coleman SR, Hazen
A. Fat grafting accelerates revascularisation and decreases
fibrosis following thermal injury. J Plast Reconstr Aesthet
Surg 2012; 65: 219-227.

11. Zimmerlin L, Donnenberg VS, Pfeifer ME, Meyer EM,
Péault B, Rubin JP, Donnenberg AD. Stromal vascular pro-
genitors in adult human adipose tissue. Cytometry A 2010;
77: 22-30.

12. Akita S, Akino K, Imaizumi T, Hirano A. Basic fibroblast
growth factor accelerates and improves second-degree burn
wound healing. Wound Repair Regen 2008; 16: 635-641.

13. Yoshimura K, Sato K, Aoi N, Kurita M, Hirohi T, Harii K.
Cell-assisted lipotransfer for cosmetic breast augmentation:
supportive use of adipose-derived stem/stromal cells. Aes-
thetic Plast Surg 2008; 32: 48-55; discussion 56-57.

14. Yoshimura K, Sato K, Aoi N, Kurita M, Inoue K, Suga H,
Eto H, Kato H, Hirohi T, Harii K. Cell-assisted lipotrans-
fer for facial lipoatrophy: efficacy of clinical use of adi-
pose-derived stem cells. Dermatol Surg 2008; 34:
1178-1185.

15. Ersek RA. Transplantation of purified autologous fat: a 3-
year follow-up is disappointing. Plast Reconstr Surg 1991;
87: 219-227; discussion 228.

16. Moseley TA, Zhu M, Hedrick MH. Adipose-derived stem
and progenitor cells as fillers in plastic and reconstructive
surgery. Plast Reconstr Surg 2006; 118(3 Suppl): 121S-
128S.

17. Coleman SR. Structural fat grafting. Aesthet Surg J 1998;
18: 386-388.

18. Coleman SR. Facial augmentation with structural fat graft-
ing. Clin Plast Surg 2006; 33: 567-577.

19. Clauser L, Sarti E, Dallera V, Galiè M. Integrated recon-
structive strategies for treating the anophthalmic orbit. J
Craniomaxillofac Surg 2004; 32: 279-290.

20. Clauser LC, Tieghi R, Consorti G. Parry-Romberg syn-
drome: volumetric regeneration by structural fat grafting
technique. J Craniomaxillofac Surg 2010; 38: 605-609.

21. Clauser LC, Tieghi R, Galiè M, Carinci F. Structural fat
grafting: facial volumetric restoration in complex recon-
structive surgery. J Craniofac Surg 2011; 22: 1695-1701.

22. Tanna N, Wan DC, Kawamoto HK, Bradley JP. Craniofa-
cial microsomia soft-tissue reconstruction comparison: in-
framammary extended circumflex scapular flap versus
serial fat grafting. Plast Reconstr Surg 2011; 127: 802-811.

23. Babovic S. Complete breast reconstruction with autologous
fat graft—a case report. J Plast Reconstr Aesthet Surg
2010; 63: e561-3.

24. Illouz YG, Sterodimas A. Autologous fat transplantation to
the breast: a personal technique with 25 years of experi-
ence. Aesthetic Plast Surg 2009; 33: 706-715.

25. Giugliano C, Benitez S, Wisnia P, Sorolla JP, Acosta S, An-
drades P. Liposuction and lipoinjection treatment for con-
genital and acquired lipodystrophies in children. Plast
Reconstr Surg 2009; 124: 134-143.

26. Klinger M, Caviggioli F, Vinci V, Salval A, Villani F. Treat-
ment of chronic posttraumatic ulcers using autologous fat
graft. Plast Reconstr Surg 2010; 126: 154e-155e.

27. Coleman SR. Hand rejuvenation with structural fat graft-
ing. Plast Reconstr Surg 2002; 110: 1731-1744; discussion
1745-1747.

28. Patel N. Fat injection in severe burn outcomes: a new per-
spective of scar remodeling and reduction. Aesthetic Plast
Surg 2008; 32: 470-472.

29. Zuk PA, Zhu M, Mizuno H, Huang J, Futrell JW, Katz AJ,
Benhaim P, Lorenz HP, Hedrick MH. Multilineage cells
from human adipose tissue: implications for cell-based
therapies. Tissue Eng 2001; 7: 211-228.

30. Zuk PA, Zhu M, Ashjian P, De Ugarte DA, Huang JI,
Mizuno H, Alfonso ZC, Fraser JK, Benhaim P, Hedrick
MH. Human adipose tissue is a source of multipotent stem
cells. Mol Biol Cell 2002; 13: 4279-4295.

31. Amos PJ, Shang H, Bailey AM, Taylor A, Katz AJ, Peirce
SM. IFATS collection: The role of human adipose-derived
stromal cells in inflammatory microvascular remodeling
and evidence of a perivascular phenotype. Stem Cells
2008; 26: 2682-2690.

32. Chen L, Tredget EE, Liu C, Wu Y. Analysis of allogenic-
ity of mesenchymal stem cells in engraftment and wound
healing in mice. PLoS One 2009; 4: e7119.

33. Ponte AL, Marais E, Gallay N, Langonné A, Delorme B,
Hérault O, Charbord P, Domenech J. The in vitro migra-
tion capacity of human bone marrow mesenchymal stem
cells: comparison of chemokine and growth factor chemo-
tactic activities. Stem Cells 2007; 25: 1737-1745.

34. Sasaki M, Abe R, Fujita Y, Ando S, Inokuma D, Shimizu
H. Mesenchymal stem cells are recruited into wounded
skin and contribute to wound repair by transdifferentiation
into multiple skin cell type. J Immunol 2008; 180: 2581-
2587.

35. Bourin P, Bunnell BA, Casteilla L, Dominici M, Katz AJ,
March KL, Redl H, Rubin JP, Yoshimura K, Gimble JM.
Stromal cells from the adipose tissue-derived stromal vas-
cular fraction and culture expanded adipose tissue-derived
stromal/stem cells: a joint statement of the International
Federation for Adipose Therapeutics and Science (IFATS)
and the International Society for Cellular Therapy (ISCT).
Cytotherapy 2013; 15: 641-648.

36. Gimble JM, Katz AJ, Bunnell BA. Adipose-derived stem
cells for regenerative medicine. Circ Res 2007; 100: 1249-
1260.

37. Gir P, Oni G, Brown SA, Mojallal A, Rohrich RJ. Human
adipose stem cells: current clinical applications. Plast Re-
constr Surg 2012; 129: 1277-1290.

38. Jackson WM, Nesti LJ, Tuan RS. Mesenchymal stem cell
therapy for attenuation of scar formation during wound
healing. Stem Cell Res Ther 2012; 3: 20.

M.H. Carstens, D. Correa, R. Llull, et al.8



39. Gruber R, Kandler B, Holzmann P, Vögele-Kadletz M,
Losert U, Fischer MB, Watzek G. Bone marrow stromal
cells can provide a local environment that favors migration
and formation of tubular structures of endothelial cells. Tis-
sue Eng 2005; 11: 896-903.

40. Kaigler D, Krebsbach PH, Polverini PJ, Mooney DJ. Role of
vascular endothelial growth factor in bone marrow stromal cell
modulation of endothelial cells. Tissue Eng 2003; 9: 95-103.

41. Kato J, Tsuruda T, Kita T, Kitamura K, Eto T.
Adrenomedullin: a protective factor for blood vessels. Ar-
terioscler Thromb Vasc Biol 2005; 25: 2480-2487.

42. Lozito TP, Taboas JM, Kuo CK, Tuan RS. Mesenchymal
stem cell modification of endothelial matrix regulates their
vascular differentiation. J Cell Biochem 2009; 107: 706-713.

43. Renault M-A, Roncalli J, Tongers J, Misener S, Thorne T,
Jujo K, Ito A, Clarke T, Fung C, Millay M, Kamide C,
Scarpelli A, Klyachko E, Losordo DW. The Hedgehog
transcription factor Gli3 modulates angiogenesis. Circ Res
2009; 105: 818-826.

44. Au P, Tam J, Fukumura D, Jain RK. Bone marrow-derived
mesenchymal stem cells facilitate engineering of long-last-
ing functional vasculature. Blood 2008; 111: 4551-4558.

45. Bianco P, Robey PG, Simmons PJ. Mesenchymal stem
cells: revisiting history, concepts, and assays. Cell Stem
Cell 2008; 2: 313-319.

46. Karsdal MA, Nielsen MJ, Sand JM, Henriksen K, Gen-
ovese F, Bay-Jensen AC, Smith V, Adamkewicz JI, Chris-
tiansen C, Leeming DJ. Extracellular matrix remodeling:
the common denominator in connective tissue diseases.
Possibilities for evaluation and current understanding of
the matrix as more than a passive architecture, but a key
player in tissue failure. Assay Drug Dev Technol 2013; 11:
70-92.

47. Wu Y, Peng Y, Gao D, Feng C, Yuan X, Li H, Wang Y, Yang
L, Huang S, Fu X. Mesenchymal stem cells suppress fi-
broblast proliferation and reduce skin fibrosis through a
TGF-b3-dependent activation. Int J Low Extrem Wounds
2015; 14: 50-62.

48. Rodriguez-Menocal L, Salgado M, Ford D, Van Badiavas
E. Stimulation of skin and wound fibroblast migration by
mesenchymal stem cells derived from normal donors and
chronic wound patients. Stem Cells Transl Med 2012; 1:
221-229.

49. Liu S, Jiang L, Li H, Shi H, Luo H, Zhang Y, Yu C, Jin Y.
Mesenchymal stem cells prevent hypertrophic scar forma-

tion via inflammatory regulation when undergoing apop-
tosis. J Investig Dermatol 2014; 134: 2648-2657.

50. Tredget EE, Levi B, Donelan MB. Biology and principles
of scar management and burn reconstruction. Surg Clin
North Am 2014; 94: 793-815.

51. Ghahary A, Shen YJ, Nedelec B, Wang R, Scott PG, Tred-
get EE. Collagenase production is lower in post-burn hy-
pertrophic scar fibroblasts than in normal fibroblasts and is
reduced by insulin-like growth factor-1. J Investig Derma-
tol1996; 106: 476-481.

52. Lozito TP, Jackson WM, Nesti LJ, Tuan RS. Human mes-
enchymal stem cells generate a distinct pericellular zone
of MMP activities via binding of MMPs and secretion of
high levels of TIMPs. Matrix Biol 2014; 34: 132-143.

53. Lu P, Takai K, Weaver VM, Werb Z. Extracellular matrix
degradation and remodeling in development and disease.
Cold Spring Harb Perspect Biol 2011; 3: pii: a005058.

54. Rehman J, Traktuev D, Li J, Merfeld-Clauss S, Temm-
Grove CJ, Bovenkerk JE, Pell CL, Johnstone BH, Consi-
dine RV, March KL. Secretion of angiogenic and
antiapoptotic factors by human adipose stromal cells. Cir-
culation 2004; 109: 1292-1298.

55. Moon MH, Kim SY, Kim YJ, Kim SJ, Lee JB, Bae YC,
Sung SM, Jung JS. Human adipose tissue-derived mes-
enchymal stem cells improve postnatal neovascularization
in a mouse model of hindlimb ischemia. Cell Physiol
Biochem 2006; 17: 279-290.

56. Tabit CJ, Slack GC, Fan K, Wan DC, Bradley JP. Fat graft-
ing versus adipose-derived stem cell therapy: distinguish-
ing indications, techniques, and outcomes. Aesthetic Plast
Surg 2012; 36: 704-713.

57. Zhu M, Zhou Z, Chen Y, Schreiber R, Ransom JT, Fraser
JK, Hedrick MH, Pinkernell K, Kuo H-C. Supplementa-
tion of fat grafts with adipose-derived regenerative cells
improves long-term graft retention. Ann Plast Surg 2010;
64: 222-228.

58. Hamper UM, DeJong MR, Caskey CI, Sheth S. Power
Doppler imaging: clinical experience and correlation with
color Doppler US and other imaging modalities. Radi-
ographics 1997; 17: 499-513.

59. Torp-Pedersen ST, Terslev L. Settings and artefacts rele-
vant in colour/power Doppler ultrasound in rheumatology.
Ann Rheum Dis 2008; 67: 143-149.

Stromal vascular fraction use for treating burn-related skin and joints late sequelae 9


