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ABSTRACT

Background: Exosomes have emerged as a promising therapeutic agent for various dermatological conditions such as acne,
atopic dermatitis, and wound healing. This study aims to evaluate exosome's efficacy in improving postoperative scars.
Methods: Ten patients underwent revision rhinoplasty with autologous costal cartilage, each with a 3 cm anterior chest incision
scar were enrolled. Scars (mean 4.3 months postoperatively) were divided into medial and lateral halves; one half was treated
with ASC-Exosome (experimental) and the other with hyaluronic acid (control). Outcomes were assessed using the Vancouver
Scar Scale (VSS) and the Patient and Observer Scar Assessment Scale (POSAS).

Result: The experimental side treated with ASC-Exosome demonstrated improvements compared to the control side.
Pigmentation improved significantly in the Observer Scar Assessment Scale (OSAS) group from week 3 onward, though no con-
sistent changes were observed on the VSS. Pliability showed significant improvement in both OSAS and VSS, beginning at week
3 and persisting through week 8. Relief also improved in the OSAS group from weeks 4 to 8. While no vascularity differences
were detected, one-year follow-up photographs confirmed superior improvements in scar height and thickness on the exosome-
treated side. Patient Scar Assessment Scale (PSAS) indicated significant improvements in scar color by week 4, stiffness by week
3, and thickness by week 2. Irregularity showed significant differences at week 4 and week 8. No significant differences were
noted in pain or itching between the sides.

Conclusions: Exosomes significantly improved scar quality, particularly pigmentation, pliability, and relief, and can represent a
valuable option for postoperative scar management.

1 | Introduction

Postoperative scar management has employed a range of treat-
ment strategies aimed at preventing hypertrophic scar forma-
tion [1], including silicone gels or sheets [2], steroid injections,
botulinum toxin [3], and laser therapy [4]. These approaches pri-
marily target inflammation [5] and reduce fibrosis [6] during the
wound healing process.

Because scar maturation is a prolonged process, treatment out-
comes can vary depending on the timing of intervention [7].
Recent studies suggest that early interventions, particularly

during the early wound healing stage [8], yield more favorable
clinical outcomes in scar management [9, 10]. Techniques such
as polydeoxyribonucleotide [11] and polynucleotide injections
have shown promise in promoting wound healing at this critical
early stage, thereby reducing the risk of hypertrophic scar devel-
opment [12, 13].

More recently, exogenous exosomes from adipose-derived stem
cells (ASC-exosomes) have demonstrated substantial potential in
enhancing angiogenesis [14], promoting skin regeneration [15],
inhibiting the production of inflammatory mediators and activa-
tion of inflammatory cells [16], and facilitating wound healing [17].
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Consequently, they help reduce excessive fibrosis and scar forma-
tion [18]. While exosomes have garnered attention for cosmetic
dermatology treatment, ASC-exosomes have been particularly ef-
fective in modulating inflammatory mediators [19], especially in
aesthetic challenges related to skin resurfacing [20].

However, research on the use of exosomes for surgical scars
remains limited. This study aims to investigate the effects of
exosomes on the improvement of postoperative scars in pa-
tients undergoing revision rhinoplasty using autologous costal
cartilage, specifically focusing on a scar approximately 3cm in
length on the anterior chest.

2 | Materials and Methods
2.1 | Subjects

This prospective, double-blind, randomized, split-face compar-
ative study was conducted from June 2024 to November 2024
to evaluate the clinical efficacy of ASC-exosomes for postop-
erative scars, in accordance with the principles outlined in
the Declaration of Helsinki. The study included 10 patients,
consisting of three men and seven women. The mean age was
30.6 +3.3years. The mean postoperative period at the start of
the study was 4.3 months (Table 1).

Inclusion criteria were patients who had undergone revision rhi-
noplasty using costal cartilage, presenting with linear scars on
the anterior chest area. Exclusion criteria included patients who
developed wound dehiscence during the study period.

2.2 | Design of Study

Approximately 3 cm incision sites were targeted (Figure 1). The
postoperative scar was divided into medial and lateral halves,
with the experimental and control sides randomly assigned to

TABLE 1 | Demographic and clinical characteristics of the study
group.

each half. The experimental side received an application of 1 cc
of ASC-exosomes formulation (ASCE+ SRLV, ExoCoBio Inc.,
Seoul, Republic of Korea), while the control side received an
application of 1cc of hyaluronic acid (HA). The ASC-exosome
product contained exosomes obtained from the conditioned
medium of human adipose-derived stem cells (ASCs), pro-
cessed using ExoSCRT technology as previously described
[18, 20].

To facilitate exosome absorption, micro-needle radio frequency
(SCARLET, ViOL, Republic of Korea) was applied in two 2
passes (intensity 7, depth 2.4mm, delay 0.4s, duty on 200) be-
fore application of exosomes and HA. Both agents were applied
topically.

Treatments were administered weekly for eight consecu-
tive weeks, and clinical outcomes were assessed at each visit
using standardized photographs and video recordings. To
evaluate long-term outcomes, additional follow-up photo-
graphs were obtained at post treatment one year. Although
quantitative evaluation was not performed at this time
point, the images allowed visual confirmation of sustained clin-
ical effect.

To ensure double-blind design, treatment was performed by a
blinded physician (Dr. Jung), and evaluation was independently
conducted by another blinded physician (Dr. Jeong) using stan-
dardized photographs and video recordings.

2.3 | Measurement

Weekly assessments were conducted using the Vancouver Scar
Scale (VSS) and the Patient and Observer Scar Assessment
Scale (POSAS) (Tables 2 and 3). Results were averaged
and statistically analyzed to ensure objective significance.
Data analysis was conducted using IBM SPSS Statistics for
Windows, version 22.0 (IBM Corp., Armonk, NY, US). The
Mann-Whitney U test and Fisher's exact test were used. In all
statistical analyses, a p-value of less than 0.05 was considered
statistically significant.

Study start

Patients ID Sex Age(yr) point (Months)

1 M 33 10

2 F 33 3

3 M 32 4

4 F 32 11

5 F 27 6

6 F 33 1

7 M 29 2

8 F 26 2

9 F 34 6

10 F 27 4

Mean M3/ F7 30.6%3.3 4.3 FIGURE1 | Scar photo after costal cartilage harvest on chest.
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TABLE 2 | Modified Vancouver scar scale.

Modified Vancouver scar scale

Pliability 0

Height

= O A WwWN

[ " B V]

Vascularity

[u—

S WwWN

Pigmentation

Normal
Supple
Yielding
Firm
Adherent
Normal
1~2mm
3~4mm
5~6mm
>6mm
Normal
Pink
Red
Purple
Normal
Slightly
Moderately

Severely

TABLE 3 | The Patient and observer scar assessment scale.

3 | Results

Representative clinical photographs of a postoperative linear
chest scar are shown (Figure 2). Wound dehiscence requiring
additional treatment was predefined as an exclusion criterion,
but no such cases occurred, and no participants were lost to fol-
low-up during the study period.

Quantitative analysis was conducted up to 8 weeks, demonstrat-
ing significant improvements on the exosome-treated side in pig-
mentation, pliability, and relief as evaluated by OSAS and VSS,
while vascularity showed no significant difference (Video. 1).

To illustrate long-term outcomes, additional clinical photographs
were obtained in 1year (Figure 3). These images confirmed that
the improvements observed during the 8-week evaluation—par-
ticularly in pigmentation, pliability, and relief—were consistent
with sustained improvements in scar quality. Long-term fol-
low-up also revealed significant reductions in scar height and
thickness on the exosome-treated side compared with the con-
trol side.

4 | VSS And OSAS
4.1 | Pigmentation
In the VSS group, no significant changes were observed in ei-

ther the experimental or control sides. In the OSAS group, both
the experimental and control sides showed a decreasing trend,

Observer scar assessment scale

Normal skin

5 6 7 8 9 10 Worst scar

Vascularization
Pigmentation
Thickness
Relief
Pliability
Patient scar assessment scale
No
Painful
Itching
Normal skin
Color
Stiff
Thickness

Irregular

5 6 7 8 9 10 Yes

5 6 7 8 9 10 Very different
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FIGURE 2 | Changes in scars over time. The left side is the control group (HA), the right side is the experimental group (ASCE-Exosome). The
result photo shows from the left side to the right and from the bottom left to the right, the intervals of one week.

N

FIGURE 3 | Longitudinal photographic assessment at 12months
demonstrated superior improvements in scar height and thickness on
the exosome-treated side.

with significant differences observed at week 3 (2.6+1.51 vs.
4.7+1.83), week 4 (2.3+£1.25 vs. 3.8+£1.99), week 5 (2.2+1.14
vs. 3.4+1.35), and week 8 (1.5+0.97 vs. 2.5+1.18) (p<0.05)
(Figure 4).

4.2 | Pliability

Both the VSS and OSAS groups showed a decreasing trend. In
the VSS group, significant differences were observed at week
4 (1.4%0.52 vs. 2.3£0.67), week 5 (1.1+£0.32 vs. 1.8+0.63),
and week 6 (1.1 +0.32 vs. 1.8 £0.63). In the OSAS group, sig-
nificant differences were observed at week 3 (4.2+2.10 vs.
5.7+1.95), week 4 (3.3+1.77 vs. 5.5+2.12), week 5 (2.7 +1.70
vs. 4.7+1.95), week 6 (2.6+1.43 vs. 4.5+1.72), week 7
(2.5+1.51 vs. 4.3+1.57), and week 8 (2.0 £1.15 vs. 3.6 +1.58)
(p<0.05) (Figure 5).

4.3 | Relief

In the OSAS group, both the experimental and control sides
showed a decreasing trend. Significant differences were ob-
served at week 4 (3.4+1.78 vs. 5.5+2.12), week 5 (2.8 +1.69 vs.
4.7+1.95), week 6 (2.7+1.42 vs. 4.5+1.72), week 7 (2.6+1.51
vs. 4.3+1.57), and week 8 (2.0+1.15 vs. 3.6+1.58) (p<0.05)
(Figure 6).

4.4 | Height and Thickness

In the VSS group, no trend in height was observed over the 8-
week period, and no significant difference was observed be-
tween the experimental and control sides in terms of changes
over time. Similarly, for thickness in the OSAS group, no trend
was observed, and no significant difference was found (Tables 4
and 5).

4.5 | PSAS

No significant differences in pain and itching scores were ob-
served between the experimental and control sides at any time
point. Significant differences in color were found starting from
week 4 (2.5+1.58 vs. 4.1+1.66). Significant differences in stiff-
ness were observed from week 3 (3.3+1.42 vs. 4.3+1.25), while
thickness scores showed significant differences from week
2 (3.4+0.97 vs. 4.4+0.97). Significant differences in irregu-
larity were observed at week 4 (2.5+1.08 vs. 4.0+1.49) and 8
(2.4+1.07 vs. 3.1+1.29) (Table 6).

5 | Discussion

Scar management has long been a challenging task, with var-
ious methods explored over the years. Traditionally, steroid
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Pigmentation, OSAS

10
8 Experimental group

@ Control Group

Score
W

1 1 1 1 J

0 1 1 1
Weekl Week2 Week3

Week4
Time

Week5 Week6 Week7 Week8

FIGURE 4 | Pigmentation. Both sides shown improvement over time, but statistically significant improvement is observed in the experimental

side at weeks 3,4,5 and 8. (*) indicates statistical significance (p <0.05).

injections (triamcinolone) [1], silicone ointments, and sheets
have been commonly used [2]. Additionally, energy-based de-
vices (e.g., CO2 and dye lasers) have been widely employed [4].
More recently, skin boosters such as polydeoxyribonucleotide
and polynucleotide, or regenerative solutions such as exosomes,
have emerged as treatment options [13].

Regenerative solutions, particularly exosomes, have been shown
to aid in wound healing and anti-inflammation, thereby dimin-
ishing scar formation [16]. While basic mechanisms are under-
stood, many clinical effects, primarily related to acne or skin
conditions, lack sufficient evidence in the context of surgical
scars, making direct application and prediction challenging.

This study meticulously documented an 8-week treatment pe-
riod, revealing when and to what extent specific postoperative
scar aspects improve. The most notable improvement was ob-
served in pigmentation. Consistent with previous research, the
lightening effect of the skin was evident [21], with a significant
reduction in pigmentation of scars. Pigmentation-related scars
appear to be the most promising target for treatment.

Pigmentation is induced by melanocytes, and exosomes have
been reported to directly and indirectly influence the meta-
bolic pathways of these enzymes, thereby inhibiting melanin

production [22]. More specifically, TGF-f1 contained within
exosomes reduces the expression of TYR, TRP-1, and TRP-2,
leading to the suppression of melanin synthesis [21]. Exosomes
modulate this signaling pathway, ultimately contributing to
the improvement of hyperpigmentation. The formation of new
melanin pigment typically takes approximately 48 to 72h. If
exosome-based depigmentation treatment is administered at
weekly intervals, this timing coincides with the turnover cycle
of melanin synthesis, which occurs around 72 h. Therefore, theo-
retically, the primary observable effect following exosome-based
treatment is expected to be associated with pigmentation [23].
Although melanin production is expected to decrease after one
week, resulting in reduced pigmentation, statistical significance
in this study was observed from week 3. In the actual experi-
ment, most patients on the experimental side reported noticing
an improvement in pigmentation starting from week 2, but the
statistical difference was observed only by week 4. There was
a difference in scores between the two sides, and the score gap
between them changed over time. Therefore, the effect appeared
from the beginning, but statistically, a decreasing trend was ob-
served over time, and by week 4, the score difference between
the two sides became statistically significant. Similarly, other
studies have reported no significant changes within the first two
weeks, with noticeable improvements occurring between week
4 and week 8. Since melanin production must decrease while
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Pliability, OSAS
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FIGURES5 | Pliability. There is a small decrease until week 2, but a difference begins to emerge from week 3, showing statistical significance from

weeks 3 to 8. (*) indicates statistical significance (p <0.05).

pre-existing melanin pigments are also cleared, clinical efficacy
tends to become apparent around week 3 [24].

Another significant improvement was observed in pliability.
During the wound healing process, both collagen type I and
type III play key roles at the surgical site. Collagen type I is re-
sponsible for maintaining tissue strength and stability, while
collagen type III governs tissue elasticity [25]. In normal tissue,
collagen type I makes up about 80%, and type III accounts for
about 20%. Early in the wound healing process, collagen type
III predominates, gradually being replaced by type I [26]. It is
well known that a higher collagen type I/III ratio leads to more
pronounced scar formation. This can be observed in the skin of
infants, where a higher proportion of collagen type III is associ-
ated with reduced scarring [27].

In contrast to normal tissue, the wound healing process in
scar tissue involves several stages where TGF-f3 expression re-
mains persistently elevated. This upregulation enhances fibro-
blast activity, increasing collagen production by approximately
fourfold [28]. Exosomes regulate TGF-{ activity and modulate
fibroblast function, contributing to improved scar remodeling.
Consequently, collagen type I in the reticular dermis is regu-
lated, contributing to better scar formation. This process occurs
during the remodeling phase of wound healing maturation,

which can take from 8 days to up to a year [26]. In this study, it is
expected that exosomes would take approximately 2 to 3weeks
to regulate collagen production. By the third week, a noticeable
improvement in pliability was observed, indicating the exo-
some's effect on collagen remodeling, particularly the regulation
of a-smooth muscle actin (a«-SMA), fibroblast growth factor-2
(FGF-2), elastin, and TGF- mRNA expression [29]. These find-
ings were observed in animal experiments. Further molecular
studies are required to clarify the specific effects of exosomes
on COL1A1 and COL3A1 expression and their role in scar re-
modeling [30].

In this study, the focus was on surgical incision wounds rather
than skin lesions, which resulted in minimal changes in param-
eters such as vascularity or thickness. These parameters are
more effectively assessed in studies targeting skin lesions, and
it is believed that using skin lesions as a model would yield more
pronounced results in these aspects.

Despite these promising findings, several limitations must be
acknowledged. First, hyaluronic acid (HA) was used as the
control substance. HA has independent wound-healing and
scar-modulating properties, which may have underestimated
the comparative efficacy of exosomes. However, HA was cho-
sen for its physical similarity to exosomes in appearance and
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Relief, OSAS

10
8 Experimental group

@ Control Group

Score
W

=

—

I
T~

0 1 1 1
Weekl1 Week2 Week3

Week4 Week5 Week6 Week7 Week8
Time

FIGURE 6 | Relief. Starting from week 3, a trend difference between the two sides is observed, with statistical significance emerging from week

4. (*) indicates statistical significance (p <0.05).

TABLE 4 | VSSscore.

VSS

Pliability Height

Vascularity Pigmentation

Week Experimental Control Experimental Control Experimental Control Experimental Control

1st 2.3+£0.67 2.3+0.67 1.0+0.67 1.0+0.67 1.5+0.85 1.5+0.85 2.0+1.05 2.7+211
2nd 2.3+0.67 2.3+0.67 0.9+0.74 1.0+£0.67 1.4+0.70 1.4+0.70 1.5+0.71 2.5+£2.07
3rd 2.0+£0.47 2.3+0.67 0.9+0.74 1.0+0.67 1.4+0.70 1.4+0.70 1.3+0.48 2.4+2.12
4th 1.4£0.52* 2.3+0.67 0.9+0.74 1.0+0.67 1.3+0.67 1.3+0.67 1.2+0.42 2.2+1.81
5th 1.1+£0.32* 1.8+0.63 0.9+0.74 0.9+0.74 1.0+0.94 1.1+0.88 1.0+0.47 1.9+1.85
6th 1.1+£0.32* 1.8+0.63 0.9+0.74 0.9+0.74 1.0+0.94 1.1+0.88 1.1+0.32 2.1+1.85
7th 1.1+0.32 1.5+0.53 0.9+0.74 0.9+0.74 1.0+0.94 1.1+0.88 1.2+0.42 2.0+1.89
8th 1.1+0.32 1.4+0.52 0.9+0.74 0.9+0.74 1.0+0.94 1.1+0.88 1.1+0.32 1.9+1.85

Note: An asterisk (*) denotes statistical significance (p <0.05).

viscosity, ensuring feasibility in a double-blind study design.
It should be emphasized that in actual clinical practice, the
benefit from exosomes alone could be greater than observed
in this study.

Second, all scars were treated with micro-needle radio fre-
quency (RF) prior to exosome or HA application. RF itself has
a potential effect on scar remodeling, representing a confound-
ing factor. This approach was selected because RF is commonly
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used in clinical practice to enhance absorption of topical agents
and reflects treatment protocol. Nonetheless, the absence of
micro-needle RF-only control group limits the ability to isolate
the independent effects of exosomes. Future studies should in-
corporate additional control groups to address this.

Third, although this study employed an 8-week quantitative fol-
low-up, long-term outcomes are critical in scar management. To
partially address this, standardized 1-year follow-up photographs
were included, which demonstrated persistence of early improve-
ments. Additionally, commonly used scar assessment methods
such as VSS and POSAS are inherently subjective, reflecting their
limited objectivity. Over time, it becomes difficult for patients to
accurately recall their previous evaluations, making direct com-
parisons less reliable. Therefore, future studies should aim to ob-
tain more objective results using techniques such as ultrasound
or 3D skin analysis [31, 32]. To further clarify outcomes, the au-
thors are planning histological examinations in subsequent stud-
ies. Although some previous studies have reported histological
findings, they are limited to a single case, which is insufficient
[33]. The authors are preparing a larger number of cases to obtain
results that are at least clinically meaningful.

Finally, the relatively small sample size (n=10) limits the gen-
eralizability of the findings. The small sample was due to the
difficulty of recruiting surgical patients who were cooperative
and able to attend weekly treatments. As a result, the timing
of postoperative treatment varied widely, ranging from 1 to
11 months, which could introduce bias because the wound heal-
ing process progresses through different phases [34, 35]. Future
studies with larger sample sizes would be valuable to investi-
gate how exosomes affect wounds at different stages of heal-
ing. Despite these limitations, the split-scar design strengthens
within-patient comparisons; however, this study should still be
considered a pilot investigation. Larger, multicenter randomized
controlled trials will be necessary to establish definitive clinical
recommendations.

Taken together, these findings suggest that ASC-exosomes im-
prove pigmentation and pliability of postoperative scars, poten-
tially through pathways involving melanin synthesis inhibition
and collagen remodeling. Importantly, this study highlights the
feasibility of incorporating exosomes into scar management pro-
tocols but also underscores the need for more rigorous method-
ological designs in future work.

6 | Conclusion

This study demonstrated that ASC-exosomes contribute to
meaningful improvements in postoperative scar quality, partic-
ularly in pigmentation and pliability. The reduction in hyper-
pigmentation is likely due to exosome-mediated inhibition of
melanin synthesis, while improved pliability may reflect regula-
tion of collagen remodeling, leading to softer and more natural
tissue formation.
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Supporting Information

Additional supporting information can be found online in the
Supporting Information section. Video S1: This video demonstrates
postoperative scar evaluation using the Vancouver Scar Scale (VSS) and
Observer Scar Assessment Scale (OSAS). The assessment highlights
vascularity, pliability and relief, emphasizing subtle changes in ery-
thema, tissue elasticity, and surface contour that are not easily distin-
guished by visual inspection alone.
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