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ABSTRACT
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Background: Cell-based therapies are popular in the field of reconstructive surgery. The stromal vas-
cular fraction (SVF), comprised of mature adipocytes or blood, reportedly has a regenerative effect;
however the mechanism remains unclear. This study aimed to prove the viability and effectiveness of
using SVF in scar treatment.

Methods: This prospective double-blind study involved 20 patients who visited an outpatient clinic
for 2years, from July 2016 to July 2018, and underwent scar revision for traumatic or surgical scars.
After scar revision surgery performed by a single surgeon, patient scars were divided into experimen-
tal and control sides. The subcutaneous layer of the experimental and control sides were injected
with 0.1 mL/cm of SVF and normal saline, respectively. Each side was evaluated using the Patient and
Observer Scar Assessment Scale (POSAS) before and six months after the surgery.

Results: Of the 20 patients who underwent scar revision surgery and SVF treatment, 4 dropped out
for personal reasons. In 11 of 12 POSAS items, the experimental side showed significant improve-
ments compared to the control side.

Conclusions: Although more research is needed, autologous SVF is a valuable source of regenerative
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medicine that can be swiftly and inexpensively prepared from human fat tissue.

Introduction

A scar is an abnormal remodeling of a wound that can be
caused by trauma, burns, or surgery (1,2). Due to their cosmetic
appearance, scars impair patients’ self-esteem and may cause
functional discomfort, such as pain, itchiness, and a restriction
of joint movement due to contracture, thereby reducing normal
social function (2). Therefore, various medical treatments have
been used to prevent and treat scars (3). Approximately 12 mil-
lion lacerations are sutured every year in the United States
alone, with 250 million surgical incisions made worldwide, and
more than 20 billion USDs are spent on scar management every
year (4). In addition, 170,000 scar revisions have been performed
per year in the United States alone (5), and several treatments,
such as topical and intralesional therapies, have been also used
in parallel, but the effects are limited (3).

Since autologous fat grafting was first introduced, it has been
widely used to cover volume defects in both cosmetic and recon-
struction areas (6) and has further been applied to skin rejuven-
ation (7) and hand surgery (8). Autologous fat grafts have been
useful for scar treatment (9-11), but few studies have been con-
ducted on scars, such as acne scars (12), and these studies have
not been able to elucidate the mechanism (13).

The stromal vascular fraction (SVF) is a substance made up
of mature adipocytes or blood that has been removed from the
patient’s fat tissue, and it has been reported to have a

regenerative effect. However, the evidence is limited and con-
troversial. Therefore, this study aimed to demonstrate the effect
of administering the SVF to scars during scar revision surgery
and prove its viability in scar treatment.

Methods

This study was approved by the institutional review board of
Chungnam National University Hospital (Chungnam National
University Hospital No. 2016-08-024). Patients provided written
informed consent for the publication and the use of the images.
This prospective double-blind study included 20 patients with scars
due to trauma or surgery from among the patients who visited the
outpatient clinic for over 6 months between July 2016 and June
2018. The scar revision surgery was performed by a single surgeon.
Patients’ scars were divided in half along their total length after the
surgery. Half the scars were in the experimental treatment group,
and 0.1mL/cm of SVF extracted with Smart-X® (DongKoo Bio &
Pharma Co. Ltd., Seoul, Korea) was injected into the subcutaneous
layer of the scar; the other half of the scars were in the control
group, into which 0.1 mL/cm of saline was injected.

Random allocation

After dividing the scar in half along the total length, the part
furthest from the trunk was called the distal part, and the part
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nearest the trunk was called the proximal part. One of the co-
researchers used dice to randomly determine which of these
would be assigned to the experimental group (if the dice roll
was odd, the proximal part was the experimental group, and if
the dice roll was even, the distal part was the experimental
group), and they were recorded and managed. The assignee
participated only in the randomization and was excluded from
other study processes; the assignment process was not shared
with the other researchers and patients. For double-blindness,
the operator and patients did not know which side of the scars
belonged to which treatment (SVF or saline). This was recorded
and analyzed by a co-researcher, excluding the assignee, and
the patients and operators took pictures in a standardized envir-
onment before surgery, immediately after surgery, and 6 months
after surgery.

Patient selection criteria

The selection criteria were as follows: age between 19 and
65 years, scars due to trauma or surgery, follow-up during the
test period, and a total scar length of more than 2cm. All
patients had scars for more than a year. The exclusion criteria
were as follows: patients who refused to or did not fill out the
consent form, those with scars from malignant tumor removal
surgery, pregnant and lactating women, those with psychiatric
problems, those with keloid disease or collagen and elastic fiber
diseases, and if the clinical trial director judged that it was diffi-
cult to conduct the clinical trial. The purpose and contents of
the clinical trial were explained to patients before the trial, and
they voluntarily signed the written consent and the human
material research consent forms.

Surgical procedure and SVF preparation

All surgeries were performed under local anesthesia and sed-
ation. Autologous fat was harvested from the patient’s abdomen
and flank (Figure 1A). The tumescent solution was prepared by
mixing 1mL epinephrine (1mg/mL), 20mL lidocaine 2%
(20mg/mL), and 2mL hyaluronidase (1,500/U/mL) in 1L
Hartmann’s solution. Subsequently, a stab incision was made in
the patient’s navel with a number 11 blade, and the prepared
tumescent solution was widely infiltrated in both the abdomen
and flank. After waiting for 20 min, fat was harvested from the
abdomen and flank using a blunt cannula and centrifuged at
1,000RPM (110G) for 3 min to obtain pure fat, from which the
serum and oil were removed (Figure 1B). After mixing a collage-
nase | solution with the fat at a 1:1 ratio, the mixture was stirred
in an incubator at 37°C (Vision Scientific Co, Ltd., Daejeon,
Korea) for 30 min. Then, the enzyme-treated fat was mixed with
the Smart-X® Kit (DongKoo Bio & Pharma. Co. Ltd., Seoul, Korea)
and centrifuged for 3 min at 3,000 RPM (1,006 x G) to obtain the
SVF cell layer at the bottom. After centrifugation, the upper
stopper of the component separator was removed, and a syr-
inge was connected to move the supernatant and fat layer to
the upper syringe, retaining the SVF cell layer at the bottom.
Then, using a separate syringe, the clean washing solution (nor-
mal saline) was moved to the component separator and centri-
fuged again at 3,000 RPM (1,006 G) for 3 min; this was repeated
three times. Then, a small amount of supernatant fluid and SVF
were extracted by connecting a syringe (in this case, the SVF
was suspended in the supernatant fluid) and passed through a

Figure 1. (A) Preoperative design for tumescent injection and fat harvesting.
(B) The serum is removed from the centrifuged fat, (C) creating the desired
quantity (approximately 2 cc) of the stromal vascular fraction.

filter to obtain the SVF. The average number of SVF cells iso-
lated was approximately 1.0 x 105 mL (Figure 1C).

After administering local anesthesia, excision of the scar, ele-
vation of the flaps on both sides without tension, layer-by-layer
suturing, and the scar revision were performed.



Injection of SVF (experimental treatment group) and normal
saline (control group)

After the scar revision was completed, 0.1 mL of SVF per 1cm of
the total scar length was injected into the subcutaneous layer in
the experimental group, and 0.1 mL of normal saline per 1cm
was injected in the control group in the same manner.

Clinical evaluation: patient and observer scar assessment scale
Both the patients and observers used the Patient and Observer
Scar Assessment Scale (POSAS) to evaluate and record scars
before and 6 months after the surgery in both groups. The
POSAS (14) is widely used worldwide as a valid tool for assess-
ing scars by both observers and patients (15). The POSAS con-
sists of two scales: observer and patient (Table 1).

Side effects

During the follow-up period of up to 6 months after the surgery,
we evaluated the presence of pain, bleeding, infection, fat
necrosis, skin necrosis, systemic allergic or anaphylactic reaction,
fever, headache, muscle pain, and fatigue.

Statistical analysis

Using SPSS Statistics version 26 (IBM Corp., Armonk, NY, USA),
the POSAS scores of the control and experimental treatment
groups were compared for each item using an independent t-
test at 6 months after the surgery. Statistical significance was set
at p <.05.

Results

Of the 20 patients who underwent scar revision and SVF sur-
gery, 16 were followed up with after 6 months; four patients
dropped out for personal reasons. The baseline demographics
and characteristics of the 16 patients are shown in Table 2.

The scars in both groups showed improvement compared to
before surgery. The scars in the experimental treatment group
improved significantly compared to those in the control group
in 11 of the 12 total items (six in the observer scar assessment
scale, six in the patient scar assessment scale) in the POSAS
scale following evaluation before and 6 months after surgery (p
<.05; Table 3). On the observer scar assessment scale, the

Table 1. The Patient and Observer Scar Assessment Scale (POSAS).
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experimental treatment group showed a statistically significant
improvement compared to the control group in all items (vascu-
larity, pigmentation, thickness, relief, liability, and surface area).
Except for the pliability item on the patient scar assessment
scale, the scar was significantly better in all other items (pain,
itching, color, stiffness, and thickness). The results are shown in
Figures 2 and 3 with a bar plot and error bars. The overall score
was significantly improved in the experimental group compared
to in the control group in both the patient and observer scales.
There was also a visible difference in the appearance of scars
between the experimental treatment and control sides (Figures
4 and 5). Except for two patients who complained of mild pain
two days after the surgery, no patient experienced side effects,
such as bleeding, infection, fat necrosis, skin necrosis, systemic
allergic or anaphylactic reaction, fever, headache, muscle pain,
or fatigue during the six-month follow-up period.

Discussion

In this study, the 6-month follow-up following scar revision sur-
gery revealed better results after treatment with SVF than those
in the control group.

Scar formation is an inevitable consequence of wound heal-
ing in which the normal skin is replaced by fibrous tissue. The
esthetic appearance of a scar is the most important criterion for

Table 2. Patient demographics.

Characteristics Value (n=16)
Age (yrs) 35.62+13.19
Sex

Male 6 (37.5)

Female 10 (62.5)
Height (cm) 166.68 + 6.42
Weight (kg) 63.32+11.76
BMI (kg/m?) 2268 +3.19
Location

Face 5 (31.25)

Upper limb 2 (12.5)

Lower limb 3 (18.75)

Trunk 6 (37.5)
Etiology

Trauma 3 (18.75)

Operation 4 (25)

Operation after trauma 9 (56.25)

Values are presented as mean + standard deviation or number (%). BMI, body
mass index.

1 2 3 4

Observer Scar Assessment Scale (1: normal skin, 10: worst scar imaginable)
Vascularity
Pigmentation
Thickness
Relief
Pliability
Surface area
Total score

Patient Scar Assessment Scale (1: normal skin, 10: worst scar imaginable)
Pain
Itching
Color
Stiffness
Thickness
Pliability
Total score

The POSAS scale consists of two scales; each scar is evaluated from 1 to 10 points on six items.
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Table 3. Results of the POSAS scale comparing pre-and 6-months post-surgery.

Pretest (preop)
Variables

Posttest (6 months)

Group M+SD M+£SD t p-value

0SAS Exp. (n=16) 39.75+7.06 15.88+2.58 -5.56 <.001
cont. (n=16) 22.75+4.22

Vascularity Exp. (n=16) 6.88 +0.89 2.63+0.72 -5.14 <.001
cont. (n=16) 4.19+0.98

Pigmentation Exp. (n=16) 7.06+1.24 2.81+0.66 -5.05 <.001
cont. (n=16) 425+0.93

Thickness Exp. (n=16) 7.06+1.48 2.69+0.70 -4.20 <.001
cont. (n=16) 3.88+0.89

Relief Exp. (n=16) 6.50+ 1.86 2.63+£0.62 -2.91 .008
cont. (n=16) 3.50+1.03

Pliability Exp. (n=16) 6.19+1.72 2.69+0.70 -3.20 .003
cont. (n=16) 3.50+0.73

Surface area Exp. (n=16) 6.06 +1.69 244+0.63 -3.89 .001
cont. (n=16) 3.44+0.81

PSAS Exp. (n=16) 32.19+7.08 13.13£2.70 -5.11 <.001
cont. (n=16) 18.56 +3.29

Pain Exp. (n=16) 3.69+1.85 1.44+0.63 -2.53 017
cont. (n=16) 2.13+0.89

Itching Exp. (n=16) 450+ 1.67 2.38+0.50 -244 .023
cont. (n=16) 3.00+0.89

color Exp. (n=16) 6.44+1.50 231+0.70 -4.19 <.001
cont. (n=16) 3.56+0.96

Stiffness Exp. (n=16) 5.88+1.78 244+0.73 -3.89 .001
cont. (n=16) 3.50+0.82

Thickness Exp. (n=16) 6.50+1.59 2.13+0.81 -3.45 .002
cont. (n=16) 3.38+1.20

Pliability Exp. (n=16) 519+1.72 244 +0.81 -1.78 .085
cont. (n=16) 3.00+0.97

POSAS: patient observer scar assessment scale; OSAS: observer scar assessment scale; PSAS: patient scar assessment scale; M:

Exp.: experimental group; cont.: Control group.

mean; SD: standard deviation;

OSAS

Vascularity Pigmentation Thickness

O Initial status

Figure 2. Bar plots with error bars indicating the Observer Scar Assessment Scale.

determining surgical outcomes. Both surgical and nonsurgical
techniques, used either alone or in combination, can be used
for scar revision. Although many techniques have been
described to minimize scarring, none can completely eliminate
scars (16).

Currently, cell-based therapies are popular in the field of
reconstructive surgery. The SVF is a component of adipose

W POD 6 month(Experimental group)

Relief Pliability Surface area

@ POD 6 month(Control group)

tissue that contains a range of cells, including stem cells, which
can differentiate into many types of cells and tissues (17).
Lipoaspirate products are easily accessible to surgeons via lipo-
suction, and adipose-derived stem cells (ADSCs) and the SVF are
gaining traction in reconstructive surgery and esthetics. The SVF
has an advantage over ADSCs in clinical applications because it
does not require a culture process and thus does not require
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Figure 3. Bar plot with error bars showing the Patient Scar Assessment Scale.

B POD 6 month(Experimental Group)

Thickness

Stiffness

Pliability

@ POD 6 month(Control group)

Figure 4. (A) A scar that occurred after trauma to the leg 6 years prior. (B) Immediate postoperative image. The yellow section is the control side and the red sec-
tion is the experimental treatment side. (C) Six months postoperatively. The scar appears less visible on the experimental treatment side than on the control side.

United States Food and Drug Administration approval, making it
readily available. As a result, expanding the clinical indications
for the SVF would benefit a large number of patients (18).
Research is being conducted to determine the mechanistic
process functioning at the cellular level. Epidermal growth factor
(EGF) is one of the most important growth factors in skin
wound healing and epithelialization. EGF induces keratinocytes
and fibroblasts to migrate, grow, and accelerate wound healing.
In addition, wound healing genes, including vascular endothelial
growth factor-A, EGF, fibroblast growth factor-2, and connective
tissue growth factor precursor, are upregulated in the SVF com-
pared with in adipose-derived mesenchymal stem cells. With

these factors, SVF implantation drastically accelerates wound
closure and increases cellularization and re-epithelialization (19).

Clinically, the SVF has been investigated as a possible thera-
peutic option for many medical disorders, including scar revision
and wound healing (12,13,20-25). Although several studies have
demonstrated no significant effect (26), some recent results
have indicated that it is beneficial for acne scars (12,22), acute
cutaneous wounds (23), skin rejuvenation (7), temple augmenta-
tion (27), cicatricial ectropion (28), and burns (25).

Surowiecka reported that the use of medical devices like
radiofrequency and laser in conjunction with autologous-derived
injectables, like SVF and platelet-rich plasma, in scar therapy is
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Figure 5. (A) Hypertrophic scar after Cesarean surgery 2 years prior. (B) Immediate postoperative image. The yellow section is the control side and the red section
is the experimental treatment side. (C) Six months postoperatively. The scar appears less visible on the experimental treatment side than on the control side.

safe and can facilitate both cosmetic and functional outcomes
(29). Vinci et al. performed fat grafting on scars and analyzed
the results using the POSAS; quality improvements were
observed in all treated scars, both cosmetically and functionally,
and pain relief and increased scar elasticity were clinically
assessable in all cases (9). van Dongen et al. showed that,
except for the degree of pigmentation, both the fat grafting
and nano fat-enriched fat grafting groups had equivalent Visual
Analog Scale and Vancouver Scar Scale sub-scores. In the group
that received fat grafts supplemented with nano fat, the pig-
mentation level decreased (24). These results are consistent with
this study’s 6-month findings. This shows that the favorable
effects on early wound healing are not caused by intact adipo-
cytes, but rather by adipocyte-derived chemicals.

Using these qualities at various stages of wound healing, Lee
et al. established the therapeutic efficacy of SVF in the surgical
management of constricted and depressed scars and explained
their findings (30). Although no significant changes were
observed in the vascularity, all patients in the test group dem-
onstrated improvements in several scar assessment scales, par-
ticularly in terms of the height and pliability.

Similar to the above studies, autologous SVF transplantation
was performed during scar revision surgery in this study, and
the results were evaluated using the POSAS. The POSAS items
included the vascularity, pigmentation, thickness, reliability, pli-
ability, and surface area, and significant differences between the
experimental treatment and control groups were confirmed for
all these items. In addition, significant results were obtained
that proved the effectiveness of the SVF for all items, except the
pliability, among pain, itching, color, stiffness, thickness, and pli-
ability corresponding to the POSAS.

In addition, the SVF accelerates early wound healing in the
first six months (24), suggesting that the SVF might be a valid
option for treating acute cutaneous wounds. The current guide-
lines for treating acute wounds are based on limiting bacterial
growth, lowering edema, and maintaining hydration. Occlusive
and semi-occlusive dressings, procedural interventions including
surgical debridement and primary closure, and topical therapy,
such as antiseptics and antibacterial medications, are examples
of typical procedures. The SVF can be included in advances in
tissue regeneration, including engineered skin substitutes (23).

In this study, we observed the clinical effects of the SVF on
the scar quality. Our study’s strength was that the design
allowed for the comparison of the wounds as a paired sample,
and all patients underwent the procedure by a single surgeon.
Therefore, we suggest that intralesional SVF injections can
improve the scar quality.

However, this study had some limitations. First, a relatively
small number of participants were included in the study.
Second, the location, etiology, and onset of scars were not con-
sidered. The effects of the SVF based on the location, etiology,
and timing of the scar development has yet to be determined.
Finally, the follow-up period was short. More research is needed
to evaluate if the outcomes of long-term follow-ups are compar-
able to those of this short-term follow-up study.

Although there is controversy regarding the effect of the
SVF, this process has factors that help wound healing increase;
therefore, if further research is conducted, the SVF may develop
into a viable option to aid in scar revision.

Conclusions

Autologous SVF is a valuable source of regenerative medicine
that can be swiftly and inexpensively prepared from human fat
tissue. Moreover, it demonstrates good short-term clinical out-
comes without serious side effects. However, the absence of a
long-term follow-up and the small sample size are limitations of
this study, indicating that more research with a large sample
size and long-term follow up of clinical outcomes is needed.
While the SVF has shown promise in scar remodeling, additional
research is needed to completely understand its usefulness and
safety. It is also crucial to note that the findings of various stud-
ies may not apply to all patients, and the efficacy of the SVF
may vary depending on the specific characteristics of the scar
or wound as well as the individual patient.
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