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Abstract

Background Striae distensae is a disfiguring atrophic skin condition that impairs the body’s aesthetic image. Despite
the variety of conducted studies, there is controversy regarding the best modalities. Human mesenchymal stem cells
are considered a rich source for scar treatment. Skin needling is among the most efficient and safe aesthetic and ther-
apeutic devices. This study aimed to evaluate the efficacy of the combination of needling and intradermal injection
of mesenchymal stem cells compared to skin needling alone for treating striae distensae.

Method This study was a randomized, double-blind clinical trial involving 10 women aged 18-60. Each striae lesion
was divided into two parts, with one side receiving needling and intradermal injection of conditioned medium,
while the other side received needling and intradermal injection of normal saline. This treatment was administered
in three sessions with three-week intervals. Patients were evaluated before the first intervention and three months
after the final session. Three months after the completion of the intervention, patients’lesions were evaluated using
biometric criteria, physician evaluation, and patient self-assessment.

Results The results demonstrated a significant improvement in dermal and complete thickness and skin density

in patients treated with microneedling. All skin ultrasound parameters improved significantly in patients receiving
the combination of needling and conditioned medium. When comparing the two groups, significantly higher physi-
cian and patient satisfaction was observed in the combination group. However, the comparison of biometric indices
improvement wasn't significant between these groups.

Conclusion The combination of human mesenchymal stem cells with microneedling could be considered a novel
effective option for stretch marks.
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Introduction

Stretch marks, scientifically known as striae distensae
(SD), are described as disfiguring linear scars, present-
ing a challenging condition to treat [1]. This relatively
widespread condition is more prevalent in women than
in men and can affect various age groups [2]. Two forms
exist: striae rubrae, appearing as red and swollen scars in
the acute stage, and striae albae, characterized by pale,
wrinkled, and atrophic white scars in the chronic stage in
which end-stage fibrosis occurs [3].

Common sites of skin involvement include the abdo-
men, hips, thighs, and breasts. Similar to atrophic scars,
epidermal and dermal atrophy, as well as alterations in
extracellular matrix collagen bundles and elastin fib-
ers, are observed in SD [4]. Stretch marks often develop
during pregnancy (striae gravidarum), puberty growth
spurts, or rapid body changes such as obesity or weight
loss [2, 3]. They can also be associated with medical dis-
orders like Cushing syndrome and genetic disorders such
as Marfan syndrome [5]. Certain medications, including
prolonged exposure to corticosteroids and antiretroviral
protease inhibitors, may contribute to their occurrence
[5].

Although these permanent stretch marks are not
medically threatening, the increasing demand for effec-
tive therapeutic options might be due to their signifi-
cant impact on psychosocial burden and quality of life
[6]. There are quite a number of clinical trials and sys-
tematic reviews assessing the effectiveness of different
topical treatments and interventions, including lasers,
platelet-rich plasma (PRP), radiofrequency, micronee-
dling, dermabrasion, and fillers for treating skin stretch
marks [7-10]. Despite the variety of treatment modali-
ties, no specific gold standard has been discovered [8].
Several studies indicated that radiofrequency needling
(RF) and lasers have been points of interest for this con-
dition [11, 12]. Among lasers, fractional CO, laser has
shown superiority over other laser modalities [12]. The
best therapeutic approach to striae was observed in com-
bined treatment methods [7, 8, 11-13]. While topical
medication has been widely applied to striae, no specific
topical formulation has been shown to be most effective
in eradicating or improving SD [13]. Despite the publica-
tion of various studies to find the best approach to striae
management, there is a discrepancy regarding a highly
efficient method for the treatment of SD.

Mesenchymal stem cells (MSCs) were first identified
in the 1960s and have since been extensively studied for
their unique properties in tissue engineering and regen-
erative medicine, overcoming many of the limitations of
traditional techniques [14]. These cells are a type of stem
cell found in various tissues of the body, including bone
marrow, adipose tissue, umbilical cord, and amniotic
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fluid [15]. MSCs have shown promise in treating scars,
especially acne scars, wound healing, and skin aging,
owing to their unique properties and regenerative capac-
ity [14, 16, 17]. Firstly, MSCs enhance the survival and
migration of fibroblasts, cells that produce collagen, and
regulate Extracellular Matrix (ECM) remodeling. Pro-
duction and organization of collagen and elastin in the
dermis are essential components of the skin’s extracel-
lular matrix for enhancing the healing process. Secondly,
MSCs exhibit paracrine beneficial effects, regulating
inflammation and inhibiting myofibroblast differen-
tiation [18, 19]. Additionally, they promote vascular for-
mation that is crucial for proper healing. Finally, their
immunomodulatory properties make them a great thera-
peutic option [20].

The future of MSC research looks promising; however,
further clinical trials are substantially needed in this field
to validate these theories and animal studies in different
conditions, including striae distensae. High prolifera-
tion rates, multipotency, hypo-immunogenicity, superior
immunomodulation, safety, and better endothelial dif-
ferentiation potential make Wharton’s jelly mesenchymal
stem cells (hRWJMSCs) superior to other types of mesen-
chymal stem cells [21-24]. Additionally, their easy acces-
sibility through non-procedural methods, without ethical
concerns, makes them an even better option [25, 26].

Microneedling is a dermatological procedure that
involves creating micro-injuries in the skin using fine
needles [27, 28]. This stimulates the skin’s natural heal-
ing process and promotes the production of collagen and
elastin. Several studies have demonstrated the efficacy of
microneedling in treating striae distensae [29]. The tech-
nique has been found to be safe and effective for both
light and dark skin types, with no significant risk of post-
inflammatory pigmentation [30].

Given the lack of a gold standard treatment for striae
distensae and limited research on the efficacy of MSC-
CM in this context, our study aims to explore the impact
of hWJMSCs on stretch marks through a blinded rand-
omized clinical trial.

Materials and methods

Patient selection

Ten women aged between 18 and 60 years with striae dis-
tensae on the abdomen were included in this randomized,
double-blind clinical trial. They were referred to a derma-
tology clinic between February and July 2022. Exclusion
criteria included prior treatment for their lesions within
the past six months, use of steroids or immunosuppres-
sive drugs, collagen vascular diseases, pregnancy, lacta-
tion, the presence of skin infections at the treatment site,
and a history of malignancy. All patients provided written
informed consent before the initiation of the procedure,
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ensuring that they understood the therapeutic procedure.
Demographic data were collected and recorded on the
study checklist.

All ten participants exhibited stretch marks on their
abdominal skin. After the initial assessment, one lesion
was chosen for each patient. All of the selected stretch
marks were identified as striae alba. Each striae lesion
was divided into two equal parts. Through random allo-
cation, one side was assigned to receive microneedling
and intradermal injection of MSC-CM (MN plus CM
Group), while the other side received microneedling
and intradermal injection of normal saline (MN plus NS
group) as a control group. The baseline condition of SD
was assessed both qualitatively through clinical imaging
and quantitatively through biometric parameters [31].

Randomization and blinding

Lesions were randomly allocated to receive either MN
plus CM or MN plus NS using a randomized list. The
study was conducted as a double-blind trial, with injec-
tions administered using identical syringes. Patients
remained unaware of the type of treatment they received.
Additionally, both evaluating physician and the statistical
expert were blinded to each patient’s treatment method.

Isolation of mesenchymal stem cell from umbilical cord
Wharton’s jelly tissue and preparation of conditioned
medium

Isolation and culture phases were performed under sterile
conditions according to Clinical Research Practice (GCP)
instructions in the cell culture laboratory. Longitudinal
pieces of the umbilical cords, which were separated from
three newborns, were collected in a sterile container
and rinsed thoroughly with phosphate-buffered saline
(PBS) (Miltenyi Biotec, Cologne, Germany) to remove
any blood. Ten milliliters of PBS were supplemented with
amphotericin B (1%, Gibco, UK) and penicillin/strepto-
mycin (PS, final concentration of 50-100 L.U./mL peni-
cillin and 50-100 (pg/mL) streptomycin, Gibco, UK) was
added to the tube and transported on ice to the labora-
tory for further processing within 2 h of harvesting the
cord.

Under a clean and sterile laminar flow hood, the umbil-
ical cord was washed with PBS and cut into small seg-
ments. Sample was then exposed to 0.1% collagenase II
(Worthington, USA) for 45 min with intermittent shak-
ing every 5 min in an incubator at 37 °C. To inactivate the
enzyme, Dulbecco’s Modified Eagle Medium (DMEM)
(Gibco, UK) containing 10% Fetal Bovine Serum (FBS)
(Atocel, Austria) was added to the solution. Again, the
solution was centrifuged for 10 min at 1500 RPM and
the supernatant was removed. Then, the precipitated
residue was added to 25 mL of normal saline and was
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filtered through a 70-um cell strainer. The cells contain-
ing normal saline solution was then centrifuged for 5 min
at 1500 RPM. Finally, cells were cultured in 10% FBS and
incubated. When the confluence surpassed 80%, cell pas-
sage was performed. The aliquoted cells were then frozen
as a cell bank for future use.

Cell culture solution from the 3rd to the 5th passage
was collected and filtered to serve as CM, and the risk of
possible contamination with virus (HIV, Hepatitis A, B,
and C,...), bacteria, mycoplasma, yeast, fungi, and endo-
toxins was evaluated.

Intervention methods

Thirty minutes before the initiation of the intervention,
2.5% lidocaine/prilocaine cream (Xyla-P, Tehran Che-
mie Pharmaceuticals, Iran) was applied for local analge-
sia under occlusion. Before the intervention began, the
lesion was cleaned with sterile gauze and disinfected
using 70% alcohol swabs.

Microneedling (AMIEA MED microneedling, MT.
Derm, Germany) was administered on the entire lesion
using single-use cartridges with six sterile needles. Nee-
dling was conducted while gently tractioning the lesion,
with depths ranging from 1.5 to 2 mm. Multiple hori-
zontal, vertical, and oblique passes were performed until
pinpoint bleeding occurred. On the MN plus NS side,
intradermal injection of 2—3 units of normal saline serum
was performed at one-centimeter intervals using a 1 cc
syringe. This technique was also applied on the MN plus
CM side using syringes containing hWJMSCs. These
interventions were conducted in three sessions with
three-week intervals.

A layer of topical antibiotic was applied over the treated
lesions without a dresser. Patients were advised to apply
the topical antibiotic for three days, avoid sun exposure
for several days, and apply zinc oxide as a sunscreen and
moisturizer whenever needed.

Assessment methods

Each patient was examined before the initiation of inter-
vention and three months after the final session, employ-
ing the following measures:

1. Biometric assessment: The thickness and density of
epidermis, dermis, and the whole skin were measured
using ultrasound imaging with a Skin scanner (75
MHz probes, DUB-USB75, TPM, Germany). Addi-
tionally, in order to assess tissue elasticity, a cutom-
eter (dual MPA 580, Courage+ Khazaka, cologne,
Germany) was utilized using parameters such as R2:
viscoelasticity, R5: pure elasticity, and R7: proportion
of immediate recovery compared to amplitude after
suction)
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2. Determination of physician and patient satisfaction
in both groups was categorized as No Response (0),
Little (1), Somewhat (2), Good (3), and Excellent (4).
The physician assessor was blind to the study.

Statistical analysis

Descriptive results were reported as mean (+standard
deviation, SD). The paired sample t-test was employed
to compare continuous variables before and after the
intervention. The analysis of covariance (ANCOVA) test
was used to compare biometric factors between the two
groups. Fisher’s exact test was utilized for categorical var-
iables. The significance level was set at 0.05. All data were
analyzed using SPSS (IBM Corp., Armonk, NY, USA,
released 2015).

Results

A total of 10 females aged 18-60 years with abdomi-
nal striae participated in this study. All of them com-
pleted it. The average age of the enrolled patients was
34.60 £7.03 years.

Biometric assessment over time

In the MN plus NS group, the measured skin ultra-
sound indices, including complete thickness, dermal
thickness, epidermal density, dermal density, and com-
plete density, improved significantly (p-value<0.05)
three months after the intervention. Neither epidermal
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thickness nor cutometer measurements changed signifi-
cantly (p-value >0.05). More information is presented in
Table 1.

When comparing the biometric parameters between
the two groups, both ultrasound and cutometer assess-
ments did not reveal a significant difference at baseline
(p-value>0.05) (Table 2). According to the results of
the ANCOVA test shown in Table 2, the comparison
of biometric parameter changes after three months of
follow-up, both ultrasound and cutometer measures
between the two groups, did not demonstrate statistical
significance.

Physicians and patient’s satisfaction

Physician assessment indicated a good and excellent
response in 40% and 50% of patients, respectively, in the
MN plus CM Group. No subjects showed little or no
response. In contrast, 40% and 60% of patients had little
and no response in MN plus NS group, according to phy-
sician evaluation. Notably, no patient achieved a good or
excellent response in this group. The physician satisfac-
tion rate was significantly higher in the MN +CM Group
than in the MN + NS group (p=0.001).

According to patient self-evaluation, 40% and 60%
of patients in the MN+CM Group considered their
lesion’s response as good and excellent, respectively three
months after the intervention (Fig. 1). No one described
the response to treatment as little or no change in the
MN +CM Group. In contrast, 60% and 40% of patients in

Table 1 Comparing the average of biometric factors before and after the intervention in two groups

Group Index Mean +£SD (Baseline) Mean +SD (3th month) p
Microneedling + condi- Cutometer R2 0.83+0.09 0.86+0.09 0.37
tioned medium Cutometer R 0974022 089+0.10 037
Cutometer R7 061£0.14 062+0.11 0.91
Complete thickness 1099.90+167.59 885.10+110.06 0.001
Epidermal thickness 94.80+851 86.40+961 0.002
Dermal thickness 1005.10+£162.85 798.70+110.39 0.002
Complete density 2295+4.78 18.98+4.69 0.006
Epidermal density 51.17+455 45.53+£5.08 0.005
Dermal density 20.21£4.99 16.08+4.95 0.008
Microneedling+normal Cutometer R2 0.83+0.09 0.85+0.08 047
saline Cutometer R5 1.01£025 092+0.12 033
Cutometer R7 0.58+0.14 0.60+£0.12 0.69
Complete thickness 989.00+131.70 880.30+138.84 0.003
Epidermal thickness 97.90+14.21 88.40+8.80 0.07
Dermal thickness 891.10£121.52 791.90+136.09 0.004
Complete density 2323+4.96 21.65+5.84 0.04
Epidermal density 50.69+3.74 47.50+£4.40 0.007
Dermal density 20.16+5.08 18.72+£594 0.04

Bold values indicate significant difference for p-value
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Table 2 Comparing the average of biometric factors between two groups

Index Mean+SD p F Partial Eta
squared

Cutometer R2

Microneedling + conditioned medium 0.83£0.09 097 0.001 0.001

Microneedling + normal saline 0.83+0.09

Cutometer R5

Microneedling + conditioned medium 0.97+022 0.67 0.17 0.02

Microneedling + normal saline 1.01+£0.25

Cutometer R7

Microneedling + conditioned medium 061+0.14 0.67 0.17 0.02

Microneedling 4+ normal saline 0.58+0.14

Complete thickness

Microneedling + conditioned medium 1099.90+167.59 0.06 394 0.18

Microneedling +normal saline 989.00+131.70

Epidermal thickness

Microneedling + conditioned medium 94804851 0.68 0.17 0.02

Microneedling+normal saline 9790+ 14.21

Dermal thickness

Microneedling + conditioned medium 1005.10+£162.85 0.05 4.24 0.20

Microneedling + normal saline 891.10+£121.52

Complete density

Microneedling + conditioned medium 2295+4.78 0.16 211 0.12

Microneedling + normal saline 23.23+4.96

Epidermal density

Microneedling + conditioned medium 51.17+455 0.35 0.92 0.06

Microneedling 4+ normal saline 50.69+3.74

Dermal density

Microneedling + conditioned medium 20.21+4.99 0.13 246 0.13

Microneedling+normal saline 20.16+5.08

Fig. 1 Needling and intradermal injection of conditioned medium, left: before, right: after
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Fig. 2 Needling and intradermal injection of normal saline, left: before, right: after

Table 3 Comparing the Physician's and patient’s satisfaction levels between two groups

Satisfaction level Microneedling + conditioned medium Microneedling +normal saline p

Physician satisfaction

No response 0 (0.00) 6 (60.00) 0.001

Little 0(0.00) 4 (40.00)

Somewhat 1 (10.00) 0(0.00)

Good 4 (40.00) 0(0.00)

Excellent 5 (50.00) 0(0.00)

Patient satisfaction

No response 0(0.00) 4 (40.00) 0.001

Little 0(0.00) 6 (60.00)

Somewhat 0 (0.00) 0 (0.00)

Good 4 (40.00) 0(0.00)

Excellent 6 (60.00) 0 (0.00)

the MN + NS group considered the treatment as showing
little and no change (Fig. 2). Consistent with the physi-
cian’s assessment, the patient satisfaction rate was signifi-
cantly higher in the MN+CM Group compared to the
MN + NS group (p=0.001) (Table 3).

Discussion

There has been increasing attention toward stem cell
therapy in different fields, including dermatology, in
recent years. Mesenchymal stem cells have been applied
to various dermatologic conditions, especially in wound
healing, scars, and rejuvenation [20]. Considering striae
distensae as a kind of atrophic scar, there haven’t been
any clinical trials conducted to evaluate the effectiveness
of this trend regarding striae treatment.

This randomized clinical trial evaluated the efficacy
of human umbilical cord mesenchymal stem cells plus
microneedling compared to microneedling alone in striae
distensae. Three 3-weekly sessions of dermal injection of
conditioned media following microneedling resulted in

notable patient and physician satisfaction compared to
microneedling and normal saline.

Microneedling has been shown to be an effective treat-
ment modality for striae distensae by increasing the pro-
duction of elastin and collagen and enhancing epidermal
thickness [11, 32, 33]. Several studies have demonstrated
that microneedling is as effective as CO, fractional laser
in improving stretch marks, with less downtime, greater
availability, and more cost-efficiency [30, 34, 35]. Accord-
ing to this study, microneedling plus normal saline did
not lead to achieving satisfaction for either patients
or physicians. Despite observing a trend in biometric
parameters, only changes in dermal and complete thick-
ness, as well as skin density, were defined as significant.

In 2023, Abbas et al. demonstrated that four monthly
sessions of both microneedling and microneedling com-
bined with Ascorbic Acid on 28 patients were safe and
effective in treating striae distensae three months after
completing the protocol [36]. Another study in 2019,
conducted on 20 women with striae distensae, compared
the effectiveness of non-ablative fractional laser (NAFL)
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to microneedling in five monthly sessions. Both modali-
ties were effective based on clinical and histologic evalua-
tion (p <0.01), while laser had more downtime [34].

Our study revealed conflicting clinical findings, as both
patient and physician assessments were unsatisfactory in
control group. It seems that this contradiction might be
due to the lower number of sessions, and further follow-
ups were required, although some improvements were
observed in biometric evaluation. Similar to resurfacing
lasers, microneedling promotes collagen synthesis and
dermal remodeling through dermal injury [29, 34, 37].
Concurrently, current study showed a notable increase
in dermal and complete thickness and skin density using
microneedling, which might be attributed to an increase
in collagen bundles.

According to several systematic reviews, combination
therapy is the most approved approach to treating striae
distensae (SD) [8, 13]. The combination of micronee-
dling with platelet-rich plasma (PRP) has been identified
as a satisfactory approach to SD treatment [38]. PRP is
considered a form of regenerative medicine containing
numerous growth factors. According to Abdel-Motaleb
et al’s study in 2022, three monthly sessions of micronee-
dling plus PRP on stretch marks in 40 patients resulted
in notably higher patient and physician satisfaction and a
marked increase in collagen and elastin fibers compared
to microneedling alone [38]. Similarly, in our study, the
patient and physician assessments were significantly
higher in the MSCs plus MN group. Additionally, there
was a significant enhancement in epidermal, dermal, and
complete thickness, as well as density, in this group.

While combination therapy is generally considered
the best approach to SD, contradictory results have been
observed in different studies involving various modalities
[39-41]. A review study conducted in 2021 to evaluate
the effectiveness of the PRP method in treating striae dis-
tensae revealed that the published studies in this field did
not provide strong evidence of the effectiveness of PRP
[42].

Since the emergence of MSCs, many studies have
applied the regenerative effects of these cells in a wide
range of medical fields from cardiology to neurology.
Several studies have implicated MSCs as a promising
approach to treating scars, wounds, and skin regenera-
tion in recent years [43, 44]. In this study, three monthly
sessions of a combination of human Wharton’s jelly mes-
enchymal stem cells (hWJMSCs) with microneedling
indicated statistically more patient and physician satis-
faction with a significant increase in all skin ultrasound
parameters (epidermal, dermal, and complete thickness
and density). However, the cutometer parameters didn’t
show any significant change. In 2023, Joo et al. [45] uti-
lized three monthly sessions of non-ablative laser plus
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human stem cell-conditioned medium (HSCM) and com-
pared it to laser alone on hypertrophic scars. The thick-
ness changes of scars were significant in the combined
group comparing to the control (p=0.01). In 2021, Park
et al. [46] compared the drug delivery of human stem
cell-conditioned media (HSCM) following fractional
CO, laser to laser alone in the treatment of atrophic acne
scars. Two months after a single session, scar volume was
reduced by 23.5% in the combination approach compared
to 15% in the control, which wasn’t statistically signifi-
cant (p=0.143). However, the volume of the skin pores
was significantly reduced by 37.6% (T) versus 15.9% (C)
(p=0.006). In a similar study conducted in the same year
[47], the efficacy of topical stem cell-conditioned medium
(SC-CM), PRP, and NS following three monthly sessions
of fractional CO, laser resurfacing for atrophic acne scars
was assessed. Despite a significant increase in dermal col-
lagen in the SC-CM and PRP groups compared to the
control, better clinical improvement was observed in PRP
compared to SC-CM (p=0.63). Similar to recently devel-
oped studies, some contrasting findings were observed
regarding clinical and biometric comparison in the com-
bination of MSCs with MN to MN plus NS in this trial.
This indicates the need for further studies to clinically
evaluate the effectiveness of stem cells in atrophic scars
and striae distensae with more intervention sessions and
longer follow-up. It could be suggested that due to the
different pathological characteristics of atrophic scars
from hypertrophic scars [48], more intervention sessions
might be required to achieve statistically promoted out-
comes, particularly in viscoelasticity and pure elasticity,
since this promotion is somehow observed in our study
and these studies. According to in vitro and animal stud-
ies, mesenchymal stem cells (MSCs) have an anti-fibrosis
effect, the potential to reshape the microvascular struc-
ture, form complex hybrid systems, induce collagen syn-
thesis, and remodel ECM, all of which are considered
to play a role in the pathophysiology of SD [19, 49, 50].
Wharton’s jelly mesenchymal stem cells are considered a
particularly better option due to their role in embryonic
growth and development as well as tissue repair, com-
pared to other cells [23]. Stromal vascular fraction (SVF),
another regenerative modality, was employed in 2023 to
evaluate its effectiveness in the treatment of burn scars
[51]. Similar to our findings, three months of sessions
involving a combination of SVF and fractional CO, laser
led to higher patient and physician satisfaction compared
to laser alone. Additionally, epidermal thickness, com-
plete density, and skin density sonography revealed a sig-
nificant change in the combination group.

Combination of MSCs with MN (microneedling) has
also been practiced in several studies, especially for reju-
venation with promising outcomes. In a randomized
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split-face study, five bi-weekly sessions of hUC-MSCs-
CM (human umbilical cord mesenchymal stem cell-
conditioned media) plus MN were employed on thirty
subjects suffering from skin aging [52]. Compared to MN
alone, the Combination group exhibited more assessor
and patient satisfaction, as well as significant improve-
ments in skin brightness parameters (reduced melanin
index, ultraviolet spots, and brown spots) and skin tex-
ture (reduced wrinkles and pores, and increased skin
elasticity) (p<0.05) two weeks after the final session.
Meanwhile, there were no obvious differences observed
in skin hydration, trans-epidermal water loss, and the
erythema index. In a separate split-face study in 2023,
Adipose tissue stem cell-derived exosomes (ASCEs)
with microneedling were applied in three sessions with
3-week intervals for skin rejuvenation and compared to
MN alone [53]. Following 6 weeks from the last treat-
ment, the clinical evaluation was much more remark-
able in the combination group (p=0.023). Significant
improvement was observed in skin elasticity (p=0.002),
skin hydration (p=0.37), skin pigmentation (p=0.044),
and greater density of collagen and elastic fibers in the
combination group. Another study showed that five bi-
weekly sessions of skin needling and topical application
of amniotic fluid mesenchymal stem cell-derived condi-
tioned media (AF-MSC-CM) would significantly result in
improving skin (p<0.001) and better remodeling of the
dermal structures [54].

Up to date, we haven't discovered any clinical trials
evaluating the effectiveness of human mesenchymal stem
cells in stretch marks and comparing it in combination
with microneedling (MN), one of the common tradi-
tional methods, to MN alone. Our study represented the
first clinical trial evaluating the effectiveness of mesen-
chymal stem cells for the treatment of striae.

Supporting previous clinical trials in scars, our find-
ings suggest that MSCs might be a promising option. The
limitations of the current study include a low number
of sessions, a short follow-up, and a small sample size,
which may result in non-significant biometric differences
between the two groups.

Conclusion

Based on the results of the present study, the combina-
tion of CM with MN shows promising outcomes in the
treatment of SD compared to microneedling alone, as
indicated by patient and physician evaluations. However,
regarding biometric assessment, this combination was
not superior to the control group. Further studies with
increased intervention sessions, longer follow-up peri-
ods, and larger sample sizes are suggested.

Page 8 of 10

Acknowledgements

The authors would like to thank to the authorities of the Skin and Stem Cell
Research Center (SSRC) and Rasool Akram Medical Complex Clinical Research
Development Center (RCDRC) for their technical and editorial assistance.

Author contributions
All authors contributed for preparing and finalization of this article.

Funding
This research was supported by the Skin and Stem Cell Research Center,
Tehran University of Medical Sciences.

Availability of data and materials
The data supporting the results of this study are available from the corre-
sponding author.

Declarations

Ethics approval and consent to participate

All collected data were kept confidential and analyzed without specific names
attached. The study adhered to Helsinki ethical principles. The project was reg-
istered in Iranian Registry of Clinical Trials, with No. IRCT20211027052891N1,

6 November 2021, https://www.irct.ir/) with Scientific title of “The effect of
Human Umbilical Cord Wharton's Jelly Stem Cell Conditioned Medium on
treatment striae: a double-blind clinical trial’, and it was approved by the
Research Council under ethics code number IRIUMS.FMD.REC.1401.015.

Consent for publication

The authors have received permission to publish. The present manuscript
does not contain data of individuals. Therefore, consent for publication is not
required.

Competing interests
All authors declare no conflict of interest for this project.

Author details

!Department of Dermatology, Rasool Akram Medical Complex Clinical
Research Development Center (RCRDC), School of Medicine, Iran University
of Medical Sciences (IUMS), Tehran, Iran. >Skin and Stem Cell Research Center,
Tehran University of Medical Sciences, Tehran, Iran. *Laser Application in Medi-
cal Sciences Research Center, Shahid Beheshti University of Medical Sciences,
Tehran, Iran. “Stem Cell and Regenerative Medicine Institute, Sharif University
of Technology, Tehran, Iran. °Department of Mechanical Engineering, Sharif
University of Technology, Tehran, Iran. °Skin Repair Research Center, Jordan
Dermatology and Hair Transplantation Center, Tehran, Iran.

Received: 11 December 2023 Accepted: 20 February 2024
Published online: 05 March 2024

References

1. Kim BJ, Lee DH, Kim MN, et al. Fractional photothermolysis for the
treatment of striae distensae in Asian skin. Am J Clin Dermatol.
2008;9(1):33-7. https://doi.org/10.2165/00128071-200809010-00003.

2. GUngor S, Sayilgan T, Gokdemir G, Ozcan D. Evaluation of an ablative
and non-ablative laser procedure in the treatment of striae distensae.
Indian J Dermatol Venereol Leprol. 2014;80(5):409-12. https://doi.org/
10.4103/0378-6323.140296.

3. Bertin C, Lopes-DaCunha A, Nkengne A, Roure R, Stamatas GN. Striae
distensae are characterized by distinct microstructural features
as measured by non-invasive methods in vivo. Skin Res Technol.
2014;20(1):81-6. https://doi.org/10.1111/srt.12088.

4. Borrelli MR, Griffin M, Ngaage LM, Longaker MT, Lorenz HP. Striae
distensae: scars without wounds. Plast Reconstr Surg. 2021;148(1):77.
https://doi.org/10.1097/PRS.0000000000008065.


https://www.irct.ir/
https://doi.org/10.2165/00128071-200809010-00003
https://doi.org/10.4103/0378-6323.140296
https://doi.org/10.4103/0378-6323.140296
https://doi.org/10.1111/srt.12088
https://doi.org/10.1097/PRS.0000000000008065

Behrangi et al. Stem Cell Research & Therapy

20.

21.

22.

23.

24.

25.

26.

(2024) 15:62

Kharb S, Gundgurthi A, Dutta MK, Garg MK. Striae atrophicans: a

mimic to Cushing’s cutaneous striae. Indian J Endocrinol Metab.
2012;16(Suppl1):5123. https://doi.org/10.4103/2230-8210.94240.
Elbuluk N, Kang S, Hamilton T. Differences in clinical features and risk
factors for striae distensae in African American and white women. J Am
Acad Dermatol. 2009;60:56.

Lokhande AJ, Mysore V. Striae distensae treatment review and update.
Indian Dermatol Online J. 2019;10(4):380-95. https://doi.org/10.4103/idoj.
IDOJ_336_18.

Mendes N, Alves PJ, Barros M, Rodrigues JM, Machado J. A narrative
review of current striae treatments. Healthcare. 2022;10(12):2565. https://
doi.org/10.3390/healthcare10122565.

Yeom M, Ji H, Shin J, et al. The alleviating effect of lagerstroemia indica
flower extract on stretch marks through regulation of mast cells. Mol-
ecules. 2022. https://doi.org/10.3390/molecules27041274.

. Martignago CCS, Parisi JR, Vassao PG, et al. Carboxytherapy on the treat-

ment of managing cellulite and striae distensae: a systematic review. Res
Soc Dev. 2023;12(8):e3612842520. https://doi.org/10.33448/rsd-v12i8.
42520.

. Huang Q Xu LL, WuT, Mu YZ. New progress in therapeutic modalities of

striae distensae. CCID. 2022;15:2101-15. https://doi.org/10.2147/CCID.
$379904.

. LuH, Guo J,Hong X, Chen A, Zhang X, Shen S. Comparative effectiveness

of different therapies for treating striae distensae: a systematic review
and network meta-analysis. Medicine. 2020. https://doi.org/10.1097/MD.
0000000000022256.

. YuY,Wu H,Yin H, Lu Q. Striae gravidarum and different modalities of

therapy: a review and update. J Dermatolog Treat. 2020;33:1-9. https.//
doi.org/10.1080/09546634.2020.1825614.

. Hu MS, Borrelli MR, Lorenz HP, Longaker MT, Wan DC. Mesenchymal

stromal cells and cutaneous wound healing: a comprehensive review
of the background, role, and therapeutic potential. Stem Cells Int.
2018;2018:6901983. https://doi.org/10.1155/2018/6901983.

. Khosrotehrani K. Mesenchymal stem cell therapy in skin: Why and what

for? Exp Dermatol. 2013;22(5):307-10. https://doi.org/10.1111/exd.12141.

. Shin TH, Kim HS, Choi SW, Kang KS. Mesenchymal stem cell therapy for

inflammatory skin diseases: clinical potential and mode of action. Int J
Mol Sci. 2017;18(2):244. https://doi.org/10.3390/ijms18020244.

. Wang L, Hu L, Zhou X, et al. Exosomes secreted by human adipose

mesenchymal stem cells promote scarless cutaneous repair by regulating
extracellular matrix remodelling. Sci Rep. 2017;7(1):13321. https://doi.org/
10.1038/541598-017-12919-x.

. Guillamat-Prats R. The role of MSC in wound healing, scarring and regen-

eration. Cells. 2021;10(7):1729. https://doi.org/10.3390/cells10071729.

. Chen H, Hou K, WuY, Liu Z. Use of adipose stem cells against hyper-

trophic scarring or keloid. Front Cell Dev Biol. 2022. https://doi.org/10.
3389/fcell.2021.823694.

Jackson WM, Nesti LJ, Tuan RS. Mesenchymal stem cell therapy for
attenuation of scar formation during wound healing. Stem Cell Res Ther.
2012;3(3):20. https://doi.org/10.1186/scrt111.

Wang Q, Yang Q Wang Z, et al. Comparative analysis of human mesen-
chymal stem cells from fetal-bone marrow, adipose tissue, and Warton'’s
jelly as sources of cell immunomodulatory therapy. Hum Vaccin Immu-
nother. 2016;12(1):85-96. https://doi.org/10.1080/21645515.2015.10305
49.

Kamal MM, Kassem DH. Therapeutic potential of Wharton'’s jelly mesen-
chymal stem cells for diabetes: achievements and challenges. Front Cell
Dev Biol. 2020. https://doi.org/10.3389/fcell.2020.00016.

Nilforoushzadeh MA, Raoofi A, Afzali H, et al. Promotion of cutaneous
diabetic wound healing by subcutaneous administration of Wharton's
jelly mesenchymal stem cells derived from umbilical cord. Arch Dermatol
Res. 2023;315(2):147-59. https://doi.org/10.1007/500403-022-02326-2.
Zolfaghar M, Mirzaeian L, Beiki B, et al. Wharton'’s jelly derived mesen-
chymal stem cells differentiate into oocyte like cells in vitro by follicular
fluid and cumulus cells conditioned medium. Heliyon. 2020;6(10):e04992.
https://doi.org/10.1016/j.heliyon.2020.e04992.

Liau LL, Ruszymah BHI, Ng MH, Law JX. Characteristics and clinical appli-
cations of Wharton'’s jelly-derived mesenchymal stromal cells. Curr Res
Transl Med. 2020;68(1):5-16. https://doi.org/10.1016/j.retram.2019.09.001.
Marino L, Castaldi MA, Rosamilio R, et al. Mesenchymal stem cells from
the Wharton’s jelly of the human umbilical cord: biological properties and

27.

28.

29.

30.

31

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

Page 9 of 10

therapeutic potential. Int J Stem Cells. 2019;12(2):218-26. https://doi.org/
10.15283/ijsc18034.

Gunashova GY. Synthesis of silver nanoparticles using a thermophilic bac-
terium strain isolated from the spring Yukhari Istisu of the Kalbajar Region
(Azerbaijan). Adv Biol. 2022.

Khalilov R. A comprehensive review of advanced nano-biomaterials in
regenerative medicine and drug delivery. Adv Biol. 2023.

West L, He B, Vandergriff T, Goff HW. The use of microneedling to treat
striae distensae. Dermatol Surg. 2021;47(10):1407-8. https://doi.org/10.
1097/DSS.0000000000003151.

Alster TS, Li MK. Microneedling treatment of striae distensae in light and
dark skin with long-term follow-up. Dermatol Surg. 2020;46(4):459-64.
https://doi.org/10.1097/DSS.0000000000002081.

Bleve M, Capra P, Pavanetto F, Perugini P. Ultrasound and 3D skin imaging:
methods to evaluate efficacy of striae distensae treatment. Dermatol Res
Pract. 2012;2012:673706. https://doi.org/10.1155/2012/673706.
Ahmadian E, Eftekhari A, Janas D, Vahedi P. Nanofiber scaffolds based

on extracellular matrix for articular cartilage engineering: a perspective.
Nanotheranostics. 2023;7(1):61-9. https://doi.org/10.7150/ntno.78611.
Siadat A, Moeine R, Iraji F, Faghihi G, Hosseini SM. Evaluating the efficacy
of microneedling technique in treating striae alba lesions. Arch Dermatol
Res. 2023;315(7):2075-8. https://doi.org/10.1007/500403-023-02601-w.
Naspolini AP, Boza JC, da Silva VD, Cestari TF. Efficacy of microneedling
versus fractional non-ablative laser to treat striae alba: a randomized
study. Am J Clin Dermatol. 2019,20(2):277-87. https://doi.org/10.1007/
$40257-018-0415-0.

Saki N, Rahimi F, Pezeshkian FS, Parvar SY. Comparison of the efficacy

of microneedling versus CO, fractional laser to treat striae alba: a rand-
omized clinical trial. Dermatol Ther. 2022;35(1):e15212. https://doi.org/10.
1111/dth.15212.

Abbas NZ, Abdelgawad MM, Elbaz MM. A comparative study of
microneedling versus microneedling with topical Ascorbic Acid in the
treatment of striae distensae. Med Updates. 2023;12(12):63-81. https://
doi.org/10.21608/mu;j.2022.177609.1118.

Elsaie ML, Hussein MS, Tawfik AA, et al. Comparison of the effectiveness
of two fluences using long-pulsed Nd:YAG laser in the treatment of striae
distensae. Histological and morphometric evaluation. Lasers Med Sci.
2016;31(9):1845-53. https://doi.org/10.1007/510103-016-2060-2.
Abdel-Motaleb AA, Zedan H, Mostafa MM, Abu-Dief EE, Gebril SM,
Abdelwahed Hussein MR. Combined microneedling with topical
application of platelet-rich plasma versus microneedling alone in the
treatment of stria distensae: clinicopathological analysis. J Dermatol Treat.
2022;33(2):836-47. https://doi.org/10.1080/09546634.2020.1782323.

de Castro Roston JR, Reis IB, Luzo ACM, Roston MO, Duran N, Favaro WJ.
Evaluation of the tissue repair process and immunomodulatory action of
platelet-rich plasma (PRP) in the treatment of abdominal stretch marks.
Tissue Cell. 2023;83:102132. https://doi.org/10.1016/j.tice.2023.102132.
Heitmiller K, Wang JV, Murgia RD, Saedi N. Utility of platelet-rich plasma
for treatment of striae distensae: a current exploration. J Cosmet Derma-
tol. 2021,20(2):437-41. https://doi.org/10.1111/jocd.13567.

Preclaro IAC, Tianco EAV, Buenviaje-Beloso M. Efficacy of ablative
fractional carbon dioxide laser combined with autologous platelet-rich
plasma versus ablative fractional carbon dioxide laser and placebo in

the treatment of striae gravidarum: a randomized clinical trial. J Cosmet
Dermatol. 2022,21(10):4354-64. https://doi.org/10.1111/jocd.14791.
Sawetz |, Lebo PB, Nischwitz SP, et al. Platelet-rich plasma for striae dis-
tensae: What do we know about processed autologous blood contents
for treating skin stretchmarks?—A systematic review. Int Wound J.
2021;18(3):387-95. https://doi.org/10.1111/iwj.13541.

Joseph A, Baiju |, Bhat IA, et al. Mesenchymal stem cell-conditioned
media: a novel alternative of stem cell therapy for quality wound healing.
J Cell Physiol. 2020,235(7-8):5555-69. https://doi.org/10.1002/jcp.29486.

. LinTJ, Huang YL, Kang YN, Chen C. Effectiveness of topical conditioned

medium of stem cells in facial skin nonsurgical resurfacing modalities for
antiaging: systematic review and meta-analysis of randomized controlled
trials. Aesthet Plast Surg. 2023;47(2):799-807. https://doi.org/10.1007/
500266-022-03168-z.

Joo SY, Cho YS, Lee SY, Seo CH. Regenerative effect of combined laser and
human stem cell-conditioned medium therapy on hypertrophic burn
scar. Burns. 2023;49(4):870-6. https://doi.org/10.1016/j.burns.2022.06.007.


https://doi.org/10.4103/2230-8210.94240
https://doi.org/10.4103/idoj.IDOJ_336_18
https://doi.org/10.4103/idoj.IDOJ_336_18
https://doi.org/10.3390/healthcare10122565
https://doi.org/10.3390/healthcare10122565
https://doi.org/10.3390/molecules27041274
https://doi.org/10.33448/rsd-v12i8.42520
https://doi.org/10.33448/rsd-v12i8.42520
https://doi.org/10.2147/CCID.S379904
https://doi.org/10.2147/CCID.S379904
https://doi.org/10.1097/MD.0000000000022256
https://doi.org/10.1097/MD.0000000000022256
https://doi.org/10.1080/09546634.2020.1825614
https://doi.org/10.1080/09546634.2020.1825614
https://doi.org/10.1155/2018/6901983
https://doi.org/10.1111/exd.12141
https://doi.org/10.3390/ijms18020244
https://doi.org/10.1038/s41598-017-12919-x
https://doi.org/10.1038/s41598-017-12919-x
https://doi.org/10.3390/cells10071729
https://doi.org/10.3389/fcell.2021.823694
https://doi.org/10.3389/fcell.2021.823694
https://doi.org/10.1186/scrt111
https://doi.org/10.1080/21645515.2015.1030549
https://doi.org/10.1080/21645515.2015.1030549
https://doi.org/10.3389/fcell.2020.00016
https://doi.org/10.1007/s00403-022-02326-2
https://doi.org/10.1016/j.heliyon.2020.e04992
https://doi.org/10.1016/j.retram.2019.09.001
https://doi.org/10.15283/ijsc18034
https://doi.org/10.15283/ijsc18034
https://doi.org/10.1097/DSS.0000000000003151
https://doi.org/10.1097/DSS.0000000000003151
https://doi.org/10.1097/DSS.0000000000002081
https://doi.org/10.1155/2012/673706
https://doi.org/10.7150/ntno.78611
https://doi.org/10.1007/s00403-023-02601-w
https://doi.org/10.1007/s40257-018-0415-0
https://doi.org/10.1007/s40257-018-0415-0
https://doi.org/10.1111/dth.15212
https://doi.org/10.1111/dth.15212
https://doi.org/10.21608/muj.2022.177609.1118
https://doi.org/10.21608/muj.2022.177609.1118
https://doi.org/10.1007/s10103-016-2060-2
https://doi.org/10.1080/09546634.2020.1782323
https://doi.org/10.1016/j.tice.2023.102132
https://doi.org/10.1111/jocd.13567
https://doi.org/10.1111/jocd.14791
https://doi.org/10.1111/iwj.13541
https://doi.org/10.1002/jcp.29486
https://doi.org/10.1007/s00266-022-03168-z
https://doi.org/10.1007/s00266-022-03168-z
https://doi.org/10.1016/j.burns.2022.06.007

Behrangi et al. Stem Cell Research & Therapy (2024) 15:62 Page 10 of 10

46. Park CS, Park JH, Kim CR, Lee JH. Objective analysis of volume restoration
in atrophic acne scars and skin pores: a split study using human stem
cell-conditioned media. J Dermatol Treat. 2021. https://doi.org/10.1080/
09546634.2019.1628915.

47. Abdel-Maguid EM, Awad SM, Hassan YS, EI-Mokhtar MA, El-Deek HE,
Mekkawy MM. Efficacy of stem cell-conditioned medium versus platelet-
rich plasma as an adjuvant to ablative fractional CO, laser resurfacing
for atrophic post-acne scars: a split-face clinical trial. J Dermatol Treat.
2021;32(2):242-9. https://doi.org/10.1080/09546634.2019.1630701.

48. Mustoe TA. International scar classification in 2019. In: Téot L, Mustoe TA,
Middelkoop E, Gauglitz GG, editors. Textbook on scar management: state
of the art management and emerging technologies. Springer; 2020. p.
79-84. https://doi.org/10.1007/978-3-030-44766-3_9.

49. Wang L, Cheng W, Zhu J, et al. Electrospun nanoyarn and exosomes of
adipose-derived stem cells for urethral regeneration: evaluations in vitro
and in vivo. Colloids Surf B Biointerfaces. 2022;209(Pt 2):112218. https://
doi.org/10.1016/j.colsurfb.2021.112218.

50. Gilmore S, Vaughan B, Madzvamuse A, Maini P. A mechanochemical
model of striae distensae. Math Biosci. 2012,240:141-7. https://doi.org/10.
1016/j.mbs.2012.06.007.

51. Roohaninasab M, Khodadad F, Sadeghzadeh-Bazargan A, et al. Efficacy of
fractional CO, laser in combination with stromal vascular fraction (SVF)
compared with fractional CO, laser alone in the treatment of burn scars:
a randomized controlled clinical trial. Stem Cell Res Ther. 2023;14(1):269.
https://doi.org/10.1186/513287-023-03480-8.

52. Liang X, LiJ,YanY, et al. Efficacy of microneedling combined with local
application of human umbilical cord-derived mesenchymal stem cells
conditioned media in skin brightness and rejuvenation: a randomized
controlled split-face study. Front Med. 2022;9:837332. https://doi.org/10.
3389/fmed.2022.837332.

53. Park GH, Kwon HH, Seok J, et al. Efficacy of combined treatment with
human adipose tissue stem cell-derived exosome-containing solu-
tion and microneedling for facial skin aging: A 12-week prospective,
randomized, split-face study. J Cosmet Dermatol. 2023;22(12):3418-26.
https://doi.org/10.1111/jocd.15872.

54. El-Domyati M, Moftah NH, Nasif GA, Ameen SW, Ibrahim MR, Ragaie
MH. Facial rejuvenation using stem cell conditioned media combined
with skin needling: a split-face comparative study. J Cosmet Dermatol.
2020;19(9):2404-10. https://doi.org/10.1111/jocd.13594.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1080/09546634.2019.1628915
https://doi.org/10.1080/09546634.2019.1628915
https://doi.org/10.1080/09546634.2019.1630701
https://doi.org/10.1007/978-3-030-44766-3_9
https://doi.org/10.1016/j.colsurfb.2021.112218
https://doi.org/10.1016/j.colsurfb.2021.112218
https://doi.org/10.1016/j.mbs.2012.06.007
https://doi.org/10.1016/j.mbs.2012.06.007
https://doi.org/10.1186/s13287-023-03480-8
https://doi.org/10.3389/fmed.2022.837332
https://doi.org/10.3389/fmed.2022.837332
https://doi.org/10.1111/jocd.15872
https://doi.org/10.1111/jocd.13594

	Evaluation of the efficacy of mesenchymal stem cells derived conditioned medium in the treatment of striae distensae: a double blind randomized clinical trial
	Abstract 
	Background 
	Method 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Patient selection
	Randomization and blinding
	Isolation of mesenchymal stem cell from umbilical cord Wharton’s jelly tissue and preparation of conditioned medium
	Intervention methods
	Assessment methods
	Statistical analysis

	Results
	Biometric assessment over time
	Physicians and patient’s satisfaction

	Discussion
	Conclusion
	Acknowledgements
	References


