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Abstract

Exosome therapy represents an emerging regenerative medicine approach for optimizing wound healing and reducing scarring. Extensive pre-
clinical research on human placental mesenchymal stem cell-derived exosomes (hpMSC-exosomes) demonstrates significant therapeutic po-
tential in aesthetic and reconstructive surgery applications. Despite compelling preclinical evidence supporting the efficacy of exosomes in
wound healing, human clinical studies remain scarce. The author’s current study includes 738 patients treated with hpMSC-exosomes over
a 7-year period across multiple aesthetic and reconstructive indications, with 175 cases involving wound healing and 118 cases involving
scar therapy. The objective of this systematic review and meta-analysis is to comprehensively evaluate the current evidence for hpMSC-exo-
somes in wound healing and scar therapy, analyzing their mechanisms of action, clinical applications, and safety profiles through a review of
preclinical studies, safety data, and clinical case series in both animals and humans. Analysis of the author’s series will be included. Information
sources included PubMed, Cochrane Library, EMBASE, Web of Science, and ClinicalTrials.gov resulting in a meta-analysis of 21 global preclin-
ical studies (323 animals) which demonstrated superior outcomes compared with controls across multiple parameters: wound healing rate, neo-
vascular density, re-epithelialization rate, and collagen deposition. hpMSC-exosomes demonstrated accelerated wound healing through
enhanced angiogenesis, reduced inflammation, improved collagen production, and immunomodulatory effects. Most studies utilized rodent
models, with limited translation to human trials. Current human evidence is predominantly based on early-phase trials, case series, and obser-
vational studies. Large-scale, well-designed clinical trials are essential to advancing exosome therapy in wound healing and scar management.
hp-MSC-exosomes represent a promising therapeutic modality for wound healing and scar therapy with demonstrated safety and efficacy.
Standardization of manufacturing processes and FDA approval remain critical for widespread clinical implementation.

Level of Evidence: 3 (Therapeutic)

The evolution of cellular medicine and regenerative therapies has in-
troduced novel approaches to optimize wound healing and achieve
scarless tissue repair.1 Exosomes, a subset of extracellular vesicles
ranging from 50 to 150 nm in diameter, serve as critical mediators
of intercellular communication and tissue regeneration.2 These natu-
rally occurring nanovesicles contain complex cargo including DNA,
messenger RNA, microRNA, proteins, and lipids that facilitate thera-
peutic effects without the risks associated with live cell therapies,3
The 4-phase wound healing process-hemostasis, inflammation, pro-
liferation, and remodeling- has been extensively studied to identify
interventions that optimize healing outcomes.? The axolotl salaman-
der serves as the gold standard for scarless healing, demonstrating
rapid hemostasis, minimal inflammation, accelerated proliferation,

and efficient remodeling.5 Research efforts focus on replicating this
scarless healing model in human therapeutics. Current regenerative
therapies include autologous fibroblasts, mesenchymal stem cells
(MSCs), platelet-rich plasma, and, more recently, allogeneic exo-
somes.® Although tissue-cultured fibroblasts achieved FDA approval,
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Figure 1. PRISMA flow diagram showing the systematic identification, screening eligibility assessment, and inclusion of studies for comprehensive systematic review and
meta-analysis of MSC-derived exosomes in wound healing and scar therapy. MSC, mesenchymal stem cell; PRISMA, Preferred Reporting Items for Systematic Reviews

and Meta-Analyses;

cost limitations led to market withdrawal.” Presently, no exosome
products have FDA approval in the United States, creating challeng-
es for standardized clinical implementation.8

METHODS

This systematic review and meta-analysis was conducted following
Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines. Figure 1 illustrates the PRISMA flow diagram for

this study. Primary analysis focused on the author’s clinical data from
738 patients treated with human placental MSC (hpMSC)-derived exo-
somes (Kimera Labs, Miramar, FL) between 2017 and 2025. IRB approv-
al was granted through the International Cell Surgical Society
(ICSS-2021-0M1). Initial safety and proof-of-concept studies were con-
ducted on 100 patients, and the study is continuing across multiple in-
dications, including aging skin, acne, wound healing, scar therapy,
and pain modulation. For this study, wound healing and scar therapy
will be discussed, with other indications reviewed in subsequent
publications.

920z sunr og uo 3senb Aq 0G0Z L S8/¥GS/L Juswe|ddng/gy/e|one/[se/woo dno-olwepeae//:sdyy woly pspeojumoq



S56

Aesthetic Surgery Journal 46(S1)

A comprehensive systematic search was conducted using the
PubMed (National Library of Medicine, Bethesda, MD), Cochrane
Library (Wiley, Hoboken, NJ), EMBASE (Elsevier, Amsterdam, the
Netherlands), Web of Science (Clarivate Analytics, Philadelphia,
PA), and ClinicalTrials.gov (National Library of Medicine) databases
for studies published between 2010 and 2024. Search terms includ-
ed: “mesenchymal stem cell exosomes,” “wound healing,” “placental
exosomes,” “MSC-derived extracellular vesicles,” and “scar therapy.”
Human-specific searches included: “exosome therapy wound heal-
ing humans,” “clinical trials,” and “human participants.” Studies
were included if they: (1) used mammalian mesenchymal-derived exo-
somes, (2) evaluated wound healing or scar management, (3) in-
volved in vivo studies, (4) reported clinical outcomes, and (5) were
published in English with full text availability.

Of the 3064 initially identified studies on exosomes and wound
healing, 51 preclinical studies met the systematic review criteria,
with 21 studies (involving 323 animals) included in the quantitative
meta-analysis. Quantitative meta-analysis was performed for pre-
clinical studies with comparative outcome measures using RevMan
5.4 software. Standardized mean differences (SMD) with 95% Cls
were calculated for continuous outcomes. Statistical heterogeneity
was assessed using I? statistics. Only 4 studies, with a fifth including
this publication, met the requirements for human participants. Given
the limited number of human studies and heterogeneous methodolo-
gies, descriptive analysis with narrative synthesis of consistent pat-
terns and outcomes will be performed for human studies, rather
than formal meta-analysis with statistical pooling, as was done for
the pre-clinical studies. Consistent patterns were identified across hu-
man studies. Pre-clinical studies were evaluated using modified
Stroke Therapy Academic Industry Roundtable quality assessment
guidelines.

The analyzed exosome product (Kimera Labs, Miramar, FL) con-
sists of isolated and purified placental MSC-derived extracellular ves-
icles suspended in saline solution, manufactured at 2 concentrations:
LUXIR (base) and LUXIR Plus (3x concentrated). Manufacturing ad-
heres to cGMP guidelines and FDA regulations per 21 CFR 210, 211,
and GLP HCT/P regulations per 21 CFR 1271.

Comprehensive donor screening includes testing for CMV, hepati-
tis 8/C, HIV, HTLYV, syphilis, West Nile virus, Zika virus, JCV PCR, and
COVID-19. Manufacturing utilizes ISO 7 compliant airflow standards
with ISO 5 certified laminar flow units. Product characterization em-
ploys multiple analytical methods including:

« ELISA protein analysis
«  Western blot analysis for surface markers (CD63, CD81)
«  RNA purification and sequencing
« High-pressure liquid chromatography
Atomic force microscopy
Electron microscopy
+  dSTORM super-resolution fluorescence microscopy

RESULTS

Quantitative meta-analysis of 21 global preclinical studies demon-
strated significant therapeutic benefits of MSCderived exosomes in
wound healing applications. Pooled analysis revealed superior out-
comes compared with control therapies across multiple parameters:

Wound healing rate: SMD = 5.42 (95% Cl, 4.40-6.44; P < .00001)
?=73%°

» Neovascular density: SMD = 5.48 (95% Cl, 4.31-6.64; P < .00001)
?=68%"

+ Re-epithelialization rate: SMD=5.06 (95% CI, 3.75-6.37;
P <.00001) I* = 71%)"

. Collagen deposition: SMD = 4.78 (95% Cl, 3.58-5.98; P < .00001)
P =69%"

« Scar width reduction: SMD = -8.10 (95% CI, —10.31 to —5.89;
P <.00001) > =82%"

The meta-analysis revealed optimal therapeutic windows for exosome
intervention. Peak efficacy was observed at 7 days post-administration
(OR = 1.82; 95% Cl, 0.69-2.95) compared with 14 days (OR= 2.29;
95% Cl, O.O1—4.56).14 This temporal pattern suggests rapid therapeutic
engagement with wound healing mechanisms.

Mean quality scores across systematic review studies were 5.08 +
0.752, comparable to other preclinical systematic reviews in regener-
ative medicine. Quality assessment revealed consistent methodolo-
gy across studies, though heterogeneity existed in exosome
sources, concentrations, and delivery methods.”®

Human Clinical Evidence Studies

The first of 5 human evidence studies (NCT02565264) evaluated
plasma-derived exosomes for chronic wound healing over 28 days.
Results demonstrated that patients with chronic wounds had signifi-
cantly lower baseline serum exosome levels compared with controls,
with treatment showing enhanced healing parameters and an excel-
lent safety profile.

A randomized, split-faced study of 25 patients evaluated hpMSC-
exosomes combined with fractionated CO, laser therapy for the
treatment of acne scars. All patients demonstrated superior improve-
ment in acne scar appearance compared with laser treatment alone,
with reduced post-procedural erythema and a shortened recovery
time over 12 weeks.

Another study involved a clinical practice case series utilizing pla-
cental MSC-exosomes for aesthetic procedures and traumatic injury
demonstrated significantly accelerated wound healing within hours
to days. Patients reported marked improvements in pain, swelling,
and recovery time compared with standard care.

The fourth study involved the evaluation of stem cell-conditioned
medium containing exosomes for chronic ulcerative wounds and
demonstrated improved healing rates compared with standard
care, with conditioned medium serving as effective growth factor
supplementation.

Within the author’s 738 patients treated with hpMSC-exosomes, 175
cases were wound management cases, and 118 cases were scar ther-
apy cases. The wound healing cases included 131 females and 44
males, with ages ranging from 19 to 72 years and an average age of
48 years. The scar therapy cases included 78 females and 40 males.
Ages ranged from 21 to 56 years, with an average age of 32 years.

In the author’s series of 21 patients with recurrent keloids, CO, laser
excision combined with topical exosome application, followed by the
application of an amniotic membrane graft as a scaffold, resulted in
18/21 patients (85.7%) remaining recurrence-free at 2-year foIIow-up.16
All patients had multiple previous failed excisions. Hypertrophic scar
treatment demonstrated anti-fibrotic capabilities with acoustic wave-
assisted exosome delivery, utilized to enhance topical exosome ab-
sorption into the hypertrophic scar, to adhere to the FDA guidelines
for topical applications.

Figure 2 illustrates a 28-year-old female with a keloid on the right ear
after multiple piercings. Two previous scalpel excisions were performed,
both with recurrence. She underwent CO, laser excision, topical exo-
somes, with an amniotic membrane graft (Gratitude Therapeutics,
Indianapolis, IN). She is now 5 years with no recurrence.
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Figure 2. (A) Photo of a 28-year-old female patient who presented with a keloid on
her right ear. (B, C) Patient’s ear post-CO,, laser excision. (D) Amniotic membrane
graft plus topical exosomes. (E) One year postprocedure. (F) Five vyears
postprocedure.

Second and third-degree burns treated with topical exosomes
demonstrated enhanced neovascularization, reduced inflammation,
and accelerated healing without requiring skin grafting.17 Traumatic
wound reconstruction cases showed improved vascularity, reduced
inflammation, sensory nerve restoration, and scarless healing pat-
terns with topical exosome application.

Figure 3 illustrates a 35-year-old female, 8 hours after accidental
amputation of her right distal fifth digit. She underwent placement
of an amniotic membrane graft, and topical exosome application, dai-
ly for 7 days. At 3 weeks, neo-vascularization is evident in the graft. At
8 weeks, scarless healing with fingerprint, and nailbed regeneration
is noted.

Post-Surgical Applications

In another study, pretreatment of planned surgical incisions 1h be-
fore to incision, followed by daily application for 1 week posttreat-
ment, resulted in scars approaching the “scarless healing” model at
1-month foIIow-up.18 Intraoperative wound bed topical applications
improved vascularity and reduced postoperative inflammation and
bruising.

Figure 3. (A) Photo of a 35-year-old female patient with a right fifth distal digit am-
putation. (B) Amniotic membrane graft plus topical exosomes. (C) Three weeks post-
treatment. Note neovascularization of the graft. (D) Eight weeks posttreatment. Note
the near scarless healing, as well as fingerprint and nailbed regeneration.

Chronic Wounds

Diabetic ulcers in immunocompromised patients demonstrated
wound contracture, re-epithelialization, and regeneration with exo-
some therapy.19 Autoimmune conditions including lichen sclerosis
showed resolution of ulcerations and pain within 30 days of topical
treatment.

Safety Profile and Therapeutic Patterns

Comprehensive safety analysis of over 738 patients over 6 years re-
vealed no allergic reactions, hypersensitivity responses, or adverse
events attributable to exosome therapy. Multiple administration
routes were evaluated, including topical, subdermal, subcutaneous,
intravenous, and intra-articular applications.?°

Despite methodological heterogeneity in the above human stud-
ies, consistent therapeutic patterns emerged:

1. Enhanced wound healing acceleration across all study types
2. Reduced recovery time and post-procedural symptoms
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3. Improved scar appearance

. High patient satisfaction with treatment outcomes

5. Good safety profile across different patient populations and
indications

6. Shortened recovery times and improved aesthetic outcomes in
cosmetic procedures

SN

ClinicalTrials.gov analysis reveals 33 registered exosome therapy trials
with 20 (60.6%) utilizing MSC-derived exosomes. However, most focus
on systemic diseases rather than wound healing, highlighting opportu-
nities for expanded research in aesthetic and reconstructive fields.
Ongoing clinical development reveals multiple Phase | and Il trials:

« NCT04326959: Umbilical cord stem cell conditioned medium for
keloids
NCT06319287: Topical purified exosome product for diabetic
foot ulcers (Phase lla)

« NCT05887804: Comparative umbilical cord stem cell therapies
for keloids

« NCT05475418: Human adipose tissue-derived exosomes pilot
study
NCT06253975: Adipose tissue-derived extracellular vesicles
randomized trial

Mechanisms of Action in Wound Healing

Hemostatic Phase

Exosomes regulate coagulation through CD9-mediated platelet acti-
vation and fibrinogen binding enhancement.?' They contain annexin
V with anticoagulant activity, creating equilibrium between pro- and
anticoagulant proteins.22 Exosomes induce both intrinsic and extrin-
sic coagulation pathways involving Factors Xl and VII.23

Inflammatory Phase
hpMSC-exosomes promote anti-inflammatory processes by suppress-
ing apoptosis and inducing macrophage phenotype transition from
pro-inflammatory M1 to anti-inflammatory M2.2* Key microRNAs
(miR-34a-5p, miR-124-3p, miR-146a-5p, miR-223) facilitate macro-
phage polarization.?® Exosomes contain prostaglandin E2, regulating
neutrophil migration and macrophage polarization.26
Chemoattractant proteins (CXCL8, CXCL16, DEFA1, HERCS,
IFITM2, XCL2) enhance immune response and infection protection.?”
Exosomes decrease reactive oxygen species synthesis and shift in-
flammatory T cells toward FOXP3+ regulatory T cells.?® They de-
crease inflammatory cytokine IL-6 and chemokine receptor CCR7
whereas increasing anti-inflammatory TGF-beta 3.%°

Proliferative Phase

Exosomes facilitate endothelial cell proliferation, migration, and an-
giogenesis through microRNAs (miR-125a, miR-126, miR-130a,
miR-296, miR-378) and growth factors (VEGF, vascular endothelial
growth factor; FGF, fibroblast growth factor; angiopoietin-Z).30
Fibroblast migration and granulation tissue formation occur through
Jagged 1 through Notch signaling pathways.>'

LncRNAH19 inhibits miR-19b expression, upregulates transcription
factor SOX9, and activates the Wnt/beta-catenin pathway (regulates
cell proliferation, differentiation, and migration), promoting fibroblast
proliferation and wound invasion.3? Keratinocyte proliferation and mi-
gration are enhanced through miR-27b transfer, activating ITCH/
JUNBV/IRF-a signaling.>3

Remodeling Phase

Exosomes enhance mechanical restoration, monitor scar reduction,
and increase skin barrier proteins (filaggrin, loricrin, AQP3).34 To pro-
mote scarless healing, exosomes increase Collagen lll/Collagen | ra-
tios and regulate MMP3 expression.® Anti-fibrotic effects are
mediated through miR-192-Sp, miR-29¢, miR-192, miR-215 transfer,
repressing pro-fibrotic IL-17RA/Smad2 signaling.>®

Comparative Analysis Across Exosome
Sources

Source-Specific Efficacy

Systematic review of 148 studies (2018-2023) revealed significant var-
iability across exosome sources.>” Adipose-derived stem cell exo-
somes demonstrated consistent efficacy in promoting fibroblast
proliferation, collagen synthesis, and angiogenesis.27 Bone marrow-
derived MSC exosomes showed superior anti-inflammatory properties
and macrophage polarization.38 Placental MSC-derived exosomes ex-
hibited enhanced wound closure rates and appendage regeneration
compared with other sources.*®

Delivery Method Optimization

Meta-analysis in animal studies revealed subcutaneous injection as
the predominant delivery method (57.8% of studies), with topical ap-
plication used in 25.7% of cases.*® Combined topical and systemic
administration demonstrated synergistic effects, with enhanced re-
epithelialization, angiogenesis, and collagen synthesis compared
with single-route delivery.*' To be FDA compliant, all participants
in the author’s study received topical application of exosomes. The
author spent 2 years researching methods to optimize topical exo-
some absorption to achieve maximal exosome absorption without
adversely affecting exosome function. The following are enhance-
ment strategies.

Enhancement Strategies

Nitric Oxide Optimization

Nitric oxide (NO) supplementation through oral lozenges and topical
serum application (Pneuma Nitric Oxide, N1o1, Austin, TX) enhances
exosome absorption and efﬁcacy.42 NO improves tissue vascularity,
mobilizes stem cells, and enhances topical absorption within 30 min
of application.*® By age 40, adults produce only 50% of endogenous
NO compared with age 20, making supplementation particularly rel-
evant for optimal outcomes.** All study patients were placed on oral
NO lozenges 1 month before to treatment and applied NO-producing
topical serum 15 min before exosome topical application.

Delivery Enhancement Devices

Dermoelectroporation (DEP Medical, Atlanta, GA) utilizes electrical
current to drive macromolecules up to 800 Da through skin water
channels.*® Three-megahertz ultrasound (SaltMed, Encinitas, CA)
increases intercellular spaces through cavitation, showing 30% in-
creased absorption and twice the penetration depth compared
with topical application alone.*® Acoustic shockwave therapy
(Elvation Medical, GmbH, Germany) accomplishes similar absorp-
tion enhancement with additional vascularity improvements.
Dermoelectroporation, cavitating ultrasound or acoustic shock-
wave were used equally among all cases to aid in topical absorption
in order to maximize absorption for FDA guideline adherence.
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Biomaterial Scaffolds

Rapid exosome clearance (half-life 2-4 min intravenously) necessi-
tates scaffold utilization for sustained release.*’ Hydrogel properties,
including network morphology, cross-link density, and degradability
control exosome release over 6 to 27 days and maintaining biological
function.*® Biomaterials under investigation include hyaluronic acid
hydrogels, chitosan hydrogels, alginate hydrogels, collagen hydro-
gels, and decellularized amniotic membrane grafts. Amniotic grafts
(Gratitude Therapeutics) were applied to all excised keloid wound
beds with preivous and subsequent exosome applications.

Meta-Analysis Findings and Clinical
Translation

Heterogeneity and Standardization Challenges
Systematic review analysis revealed significant methodological het-
erogeneity across studies, including variable exosome isolation
methods, characterization protocols, and administration routes.*®
Most studies utilized rodent models, with limited translation to larger
animal models or human trials. Quality scores averaged 5.08 + 0.752
across systematic review studies, indicating moderate methodologi-
cal rigor.>°

Concentration and Dosing Analysis

Meta-analysis of preclinical studies demonstrated optimal therapeu-
tic effects at concentrations ranging from 100 to 400 pg/mL for topi-
cal applications, with dose-dependent responses observed across
multiple parameters.®’ However, standardized dosing protocols re-
main undefined because of variability in exosome characterization
methods and cargo content assessment.

Translation Barriers

Despite promising preclinical results, translation to clinical applica-
tions faces several challenges: (1) lack of standardized manufacturing
protocols, (2) regulatory approval barriers, (3) inconsistent exosome
characterization methods, and (4) limited understanding of optimal
delivery systems.52 Current evidence suggests the need for larger
randomized controlled trials with standardized protocols before
widespread clinical implementation.

DISCUSSION

hpMSC-exosomes offer several advantages over live cell therapies,
including lack of tumorigenicity risk, improved scalability, easier stor-
age and distribution, and elimination of graft-vs-host disease poten-
tial.>®> The acellular nature maintains therapeutic efficacy while
reducing safety concerns associated with live MSC administration.
Unlike simple particle counting, therapeutic efficacy correlates with
cargo quality, particularly RNA content, including messenger RNA
and microRNA.>* Surface markers CD63 and CD81 must both be pre-
sent to validate the presence of exosomes, distinguishing therapeu-
tic exosomes from other similarly sized biological particles.

The comprehensive meta-analysis demonstrates robust preclinical
evidence supporting the efficacy of exosome therapy across multiple
wound healing parameters. Effect sizes consistently favored exo-
some treatment over controls, with powerful evidence for enhanced
angiogenesis (SMD = 5.48) and wound closure rates (SMD = 5.42).5°
However, the reliance on rodent models and methodological hetero-
geneity limits direct clinical extrapolation.

Manufacturing and Regulatory Challenges

Current challenges for FDA approval include GMP mass production
standardization, donor cell characterization and safety, batch-to-batch
consistency, prolonged viability maintenance, standardized biomarker
detection, appropriate transport conditions, and storage s‘cability.52
Exosome companies utilize varying sources (placenta, umbilical
cord, Wharton'’s jelly, adipose tissue, platelets), resulting in different
cargo compositions and clinical capabilities. When assessing product
quality, proteomic composition should be assessed, particularly the
content of total protein, messenger RNA, microRNA, and the presence
of exosome markers CD63 and CD81.

Comparative Efficacy

The author’s clinical experience with over 750 patients suggests
MSC-derived exosomes from master cell lines in sterile, cryopre-
served states exhibit superior biological effects compared with other
sourced products.®® Studies demonstrate low immunogenicity
and absence of tumorigenicity with MSC-derived exosomes.®’
Meta-analysis supports placental MSC-derived exosomes showing
enhanced efficacy in wound closure and appendage regeneration
compared with other sources.

Clinical Translation Considerations

Optimal therapeutic protocols require consideration of administra-
tion routes, dosing regimens, and enhancement strategies. Current
evidence supports topical application for compliance with FDA
regulations, with enhancement through NO supplementation and
mechanical delivery devices.®® Future research should focus on stan-
dardized potency assays, optimal dosing protocols, and comparative
efficacy studies across different exosome sources.

Limitations

This review incorporates both single-source clinical data and com-
prehensive meta-analysis of preclinical literature. While safety data
from 700+ patients over 6 years is encouraging, the meta-analysis re-
veals reliance on rodent models with limited clinical translation.
Additionally, significant methodological heterogeneity across studies
limits definitive conclusions regarding optimal protocols and stand-
ardization approaches.

CONCLUSIONS

hpMSC-derived exosomes demonstrate significant promise for
wound healing optimization and scar therapy applications, supported
by robust meta-analytic evidence from preclinical studies. The com-
prehensive safety profile across multiple administration routes and
clinical indications, combined with strong preclinical efficacy data,
supports continued investigation and development.

Meta-analysis of 21 global preclinical studies demonstrates sub-
stantial therapeutic benefits with large effect sizes across all wound
healing parameters. Key clinical successes include keloid treatment
with 85.7% recurrence-free rates at 2 years, enhanced burn healing
without skin grafting requirements, and postsurgical scar optimiza-
tion approaching scarless healing models. Enhancement strategies
including NO supplementation and mechanical delivery devices max-
imize therapeutic potential.

However, significant methodological heterogeneity across studies
and reliance on rodent models limit clinical translation. Future
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research priorities include large-scale randomized controlled trials,
standardized manufacturing protocols, FDA approval pathways, and
optimization of delivery methods. The establishment of standardized
exosome characterization methods, dosing protocols, and quality
assessment measures is essential for clinical advancement.

Because the field evolves toward personalized medicine and
regenerative therapeutics, exosome therapy represents a bridge
between cellular medicine and precision treatment approaches.
The convergence of mechanistic understanding, robust preclinical
evidence, clinical safety data, and meta-analytic support positions
exosome therapy as a transformative approach in aesthetic and re-
constructive surgery. Continued research, regulatory advancement,
and standardization efforts will be essential for realizing the full ther-
apeutic potential of this promising technology.
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