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Background: High-intensity pulsed radiofrequency (RF) devices are effective for 
skin tightening but may cause facial fat atrophy in lean individuals. This study 
investigates whether repeated low-energy continuous monopolar RF could stimu-
late adipogenesis and stem cell activation, providing a noninvasive approach to 
facial volumization.
Methods: In this prospective, single-center study, 25 healthy women (body mass 
index <21 kg/m2) received 5 sessions of 115-W continuous monopolar RF at 3-week 
intervals. Facial volume and soft tissue thickness were assessed at baseline and 18 
weeks using QuantifiCare and Morpheus 3D imaging and ultrasound. One partici-
pant underwent paired skin biopsies for immunohistochemical analysis of CD166, 
CD34, and CD31. Clinical outcomes were evaluated using the Global Aesthetic 
Improvement Scale.
Results: Body weight remained stable throughout the study. Three-dimensional 
imaging demonstrated significant increases in tissue thickness (QuantifiCare, 
+0.86 ± 0.21 mm, P < 0.0001; Morpheus, +1.01 ± 0.22 mm, P = 0.0002). Ultrasound 
showed significant increases in total fat thickness (14.73 ± 2.02 to 16.33 ± 1.99 
mm, P < 0.00001) and superficial fat thickness (5.99 ± 0.78 to 7.64 ± 0.86 mm, 
P < 0.0001). Histology demonstrated increased CD166 and CD34 expression, 
consistent with stem/progenitor cell activation, and increased CD31 expression, 
indicating angiogenesis. Global Aesthetic Improvement Scale scores showed high 
improvement in midface volume, skin texture, and elasticity.
Conclusions: This study is the first to present convergent evidence from 3D 
imaging, ultrasound, and histological analysis demonstrating that repeated low-
energy continuous monopolar RF increased subcutaneous fat thickness and tran-
siently activated mesenchymal stem/progenitor cells in human facial tissue. The 
increased fat layer was consistent with adipogenic remodeling rather than inflam-
matory edema and persisted beyond the treatment period. (Plast Reconstr Surg 
Glob Open 2026;14:e7972; doi: 10.1097/GOX.0000000000007972; Published online 14 
August 2026.)

Received for publication August 1, 2025; accepted June 3, 2026.
Copyright © 2026 The Author. Published by Wolters Kluwer Health, 
LLC. on behalf of The American Society of Plastic Surgeons. This 
is an open-access article distributed under the terms of the Creative 
Commons Attribution-Non Commercial-No Derivatives License 4.0 
(CCBY-NC-ND), where it is permissible to download and share the 
work provided it is properly cited. The work cannot be changed in 
any way or used commercially without permission from the journal.
DOI: 10.1097/GOX.0000000000007972

Disclosure statements are at the end of this article, 
following the correspondence information.

Related Digital Media are available in the full-text 
version of the article on www.PRSGlobalOpen.com.

	 www.PRSGlobalOpen.com	 1

INTRODUCTION
In recent years, radiofrequency (RF)-based non-

invasive treatments have been widely adopted in aes-
thetic medicine for skin tightening and contouring.1–3 
Conventional high-intensity monopolar RF devices, such 

as Thermage, use fractional delivery systems that deliver 
multiple RF pulses per second, resulting in significant 
energy deposition and simultaneous CO2 gas cooling.4–6 
Although such systems are effective in inducing dermal 
collagen remodeling, they often generate considerable 
pain and unintended adipose tissue atrophy—resulting 
in sunken cheeks, especially in lean individuals with 
minimal subcutaneous fat.4,7 Clinically, this has led to 
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increasing concerns over facial volume loss following RF 
procedures, as documented by both medical reports and 
anecdotal patient complaints across social platforms.4,8,9

To address these limitations, the author used a new RF 
delivery modality—continuous radiation monopolar RF. 
This next-generation device (Volnewmer) uses sustained 
RF output at 115 W combined with a continuous water-
cooling system. Unlike traditional pulsed systems, this 
continuous emission allows for gradual thermal stimu-
lation of subcutaneous tissue without inducing abrupt 
thermal spikes, theoretically reducing pain and adipocyte 
damage.10,11

Emerging evidence suggests that moderate thermal 
stimulation may activate regenerative pathways in adipose-
derived stem cells (ADSCs). Notably, studies have shown 
that focused ultrasound can stimulate adipogenesis by mod-
ulating primary cilia and triggering downstream signaling 
cascades such as Hedgehog and Wnt/β-catenin pathways. 
Similarly, low-intensity ultrasound has been reported to pro-
mote ADSC proliferation and adipogenic differentiation 
by enhancing cytoskeletal remodeling and transcriptional 
regulation of PPARγ, FABP4, and adiponectin genes. Given 
these findings, it is plausible that low-intensity thermal 
energy from RF may exert comparable bioeffects.12–15

This clinical study aims to evaluate whether repeated 
exposure to 50 shots of continuous RF energy per side can 
induce fat tissue thickening and facial volume enhance-
ment in lean female patients. Using high-resolution 
ultrasound and 3D surface scanning (QuantifiCare and 
Morpheus systems), the volumetric changes in facial 
subcutaneous tissue were investigated following a stan-
dardized treatment protocol.16,17 In addition, histological 
evaluation of pre- and posttreatment biopsies in 1 subject 
will assess the expression of stem cell markers CD166, 
CD31, and CD34 as indicators of tissue remodeling and 
angiogenesis.18–20

Our hypothesis is that subthermolytic, sustained RF 
stimulation can favorably modulate the subcutaneous 
microenvironment, promoting adipose regeneration 
rather than atrophy. This study provides a novel para-
digm in aesthetic energy-based treatments, shifting from 
aggressive thermal injury to controlled biostimulation of 
adipogenic pathways, particularly in patients prone to 
posttreatment volume loss.

METHODS

Study Design
This prospective, single-center, clinical study was con-

ducted from April 2024 to July 2025 and approved by 
the public institutional review board (approval no.: P01-
202404-06-001). The objective was to evaluate volumetric 
changes and soft tissue thickening in the midface follow-
ing 5 sessions of 115-W continuous monopolar RF therapy 
using the Volnewmer RF device (Classys, Seoul, Korea) 
performed at 3-week intervals. Volumetric changes were 
assessed with 3D imaging, and soft tissue thickness was 
measured via high-resolution ultrasonography.

Participants
Twenty-five healthy adult female participants (age 

range, 20–79 y) with a lean body habitus (body mass index 
[BMI] < 21 kg/m2) were enrolled. All participants desired 
skin tightening without volume loss in the submalar area. 
Written informed consent, including consent for facial 
photography and optional biopsy, was obtained from each 
participant before enrollment.

Inclusion Criteria

	 •	Female participants aged 20–79 years.
	 •	Lean facial morphology (BMI < 21 kg/m2).
	 •	No prior facial procedures within 6 months.
	 •	Willingness to abstain from other aesthetic treatments 

during the 18-week study period.

Exclusion Criteria

	 •	History of hypertrophic scarring, keloid, or postinflam-
matory hyperpigmentation.

	 •	Autoimmune disorders (eg, systemic lupus erythemato-
sus, rheumatoid arthritis).

	 •	Sarcoidosis or infective endocarditis.
	 •	Inflammatory or infectious skin conditions in the treat-

ment area.
	 •	Use of filler or botulinum toxin within 6 months.

Treatment Protocol
Local anesthesia cream was not used. Each subject 

underwent 5 treatment sessions with the Volnewmer RF 
device at 3-week intervals. A 4 cm2 square tip was used to 
deliver a total of 100 shots per session (50 shots per hemi-
face, midface, and lower face). The RF energy at energy 
level 5 was delivered using stamping mode for 2 passes, 
then sliding mode was performed. Postprocedural skin 
care included application of an ampoule (Reteenage 
Goldstem Ampoule, Seoul, Korea) to soothe the skin and 
provide hydration for 1 day after treatment.

Takeaways
Question: Can repeated low-energy continuous monopo-
lar radiofrequency (RF) increase facial subcutaneous fat 
thickness and activate adipogenic stem/progenitor cells 
without causing fat atrophy?

Findings: In this prospective study of 25 lean women, 5 
sessions of continuous low-energy monopolar RF signifi-
cantly increased subcutaneous fat thickness on ultrasound 
and tissue thickness on 3D imaging. Histological analysis 
in 1 participant demonstrated increased CD166, CD34, 
and CD31 expression, consistent with stem/progenitor 
cell activation and angiogenesis.

Meaning: Repeated low-energy continuous monopolar 
RF may provide a noninvasive regenerative approach for 
facial volumization by increasing subcutaneous fat thick-
ness and activating adipogenic tissue remodeling.
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Evaluation of Outcomes

Three-dimensional Volumetric Analysis
Facial volume was quantitatively assessed at base-

line and at 18 weeks using the QuantifiCare LifeViz 
(Quantificare SA, Sophia Antipolis, France) system and 
Morpheus 3D scanner (Morpheus Co., Seoul, Korea). 
Volumetric change was calculated in the submalar area by 
comparing pre- and posttreatment 3D data. (See Video 
[online], which shows 3D facial overlay images before 
and after repeated low-energy continuous monopolar RF 
treatment using Volnewmer, demonstrating volumetric 
improvement in the submalar region.)

Ultrasound Analysis
Soft tissue thickness was evaluated using high-frequency 

ultrasound (Samsung RS85, an 18-MHz matrix linear 
probe, Samsung Medison, Seoul, Korea). Measurements 
(0.01 mm) were taken along the midcheek vector line con-
necting the earlobe to the oral commissure, focusing on 
the submalar depression zone.

Clinical Assessment
Independent evaluators assessed clinical improve-

ments using the Global Aesthetic Improvement Scale 
(GAIS), focusing on improvements in midfacial volume, 
skin texture, and elasticity.

Histological Evaluation (1 Subject)
In a single volunteer, 2-mm punch biopsies were 

performed from the preauricular midcheek at 2 weeks 
before first treatment (control baseline, left side) and 
18 weeks postfinal treatment (right side) for histological 
analysis. The biopsies were performed under local anes-
thesia, and the wounds were sutured using 5-0 Vicryl for 
convenience and absorption, as no long-term scarring 
was expected or observed in this area upon follow-up. 

Immunohistochemical staining was conducted to evaluate 
the expression of adipogenic and vascular stem cell mark-
ers, including CD166, CD31, and CD34.

RESULTS
All 25 enrolled participants completed the 5-session 

treatment protocol and posttreatment evaluations at week 
18. There was no statistically significant change in body 
weight during the study period (pretreatment: 51.67 kg; 
posttreatment: 51.5 kg; no significant change), confirm-
ing that the observed volumetric changes were not attrib-
utable to systemic weight gain.

Three-dimensional imaging analysis using the 
QuantifiCare LifeViz system revealed a significant increase 
in facial soft tissue volume. The mean volumetric gain in 
the treated midface region was 0.78 ± 0.25 mL (t = –0.91; P 
= 0.399; not statistically significant; P > 0.01). 
Correspondingly, 3D thickness in the same region 
increased to 0.86 ± 0.21 mm based on QuantifiCare mea-
surements (1-sample t test, t = 46.56, P < 0.0001), and to 
1.01 ± 0.22 mm using the Morpheus 3D system (1-sample t 
test, t = 10.25, P = 0.0002; P < 0.001), corroborating the 
volumetric data (Figs. 1–7).

Ultrasonographic evaluation demonstrated signifi-
cant thickening of the subcutaneous adipose tissue. The 
total fat thickness increased 1.60 mm, from 
14.73 ± 2.02 mm at baseline to 16.33 ± 1.99 mm posttreat-
ment (t = 13.08, P < 0.00001). Notably, the superficial fat 
layer showed a marked increase of 1.65 mm, from 
5.99 ± 0.78 to 7.64 ± 0.86 mm (t = 6.67, P < 0.0001), indi-
cating that low-intensity continuous RF therapy predomi-
nantly augmented the superficial adipose compartment 
(Figs 8, 9).

Subjective assessments based on the GAIS also sup-
ported these findings. The mean score for improvement 
in midface depression was 4.24 ± 0.54, indicating 

Fig. 1. QuantifiCare 3D imaging analysis of right-side midfacial volume change in a lean 45-year-old 
woman. A, Baseline image before treatment with monopolar RF (Volumer). B, At 18 weeks posttreatment, 
a volume increase of 0.99 mL is observed in the outlined region of the right midface.
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substantial volumetric restoration. GAIS scores for skin 
texture and elasticity were 4.48 ± 0.51 and 4.33 ± 0.48, 
respectively, suggesting overall enhancement in skin qual-
ity (Fig. 10).

In a histological analysis of paired pre- and posttreat-
ment biopsies from a representative subject, a significant 
upregulation of regenerative and vascular biomarkers 
was observed, providing histological evidence of subcuta-
neous tissue remodeling following repeated low-intensity 
monopolar RF stimulation. Specifically, CD166 expres-
sion, a marker of mesenchymal stemness and regenera-
tive precursor cell populations, was markedly increased 
posttreatment (Fig. 11). CD166-positive cells were local-
ized adjacent to mature adipocytes in the subcutaneous 
layer, suggesting activation or recruitment of ADSCs in 
response to repeated sublethal thermal stimulation. 

CD34, a transmembrane glycoprotein expressed in both 
endothelial progenitor cells and preadipocytes, also 
demonstrated enhanced expression in the treated speci-
men (Fig. 12). CD34-positive cells were identified both 
in the perivascular space and around adipocytes, sup-
porting the hypothesis that monopolar RF stimulation 
not only promotes adipogenic proliferation but also aug-
ments stem cell–driven neovascular remodeling. 
Similarly, CD31, an endothelial marker indicative of 
angiogenic activity, showed increased immunoreactivity 
in treated tissue (Fig. 13). CD31-positive staining was evi-
dent around fibroblasts, adipocytes, and blood vessels, 
reflecting a robust vascular response to thermal stimula-
tion and further supporting the notion of enhanced 
angiogenesis following RF exposure. Taken together, 
these histological findings demonstrate that repetitive 

Fig. 2. QuantifiCare 3D imaging analysis of left midfacial volume enhancement in a lean 45-year-old 
woman. A, Baseline. B, At 18 weeks posttreatment with RF, the left midface shows a 1.36-mL volume 
increase, and regional thickness increases are also visualized: 1.02, 0.96, and 0.91 mm.

Fig. 3. QuantifiCare 3D imaging analysis of the same lean 45-year-old female patient shown in Figures 1 and 2. A, Baseline. B, At 18 weeks 
posttreatment, visible midfacial fullness is noted clinically. C, The 3D scan analysis demonstrates a total midfacial volume gain of 30.82 mL, 
with focal increases in soft tissue thickness ranging from 0.63 to 1.03 mm.
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sublethal thermal exposure delivered via continuous RF 
may modify the subcutaneous niche in a manner condu-
cive to both stem cell activation and vascular remodeling, 
which may underlie the clinically observed improve-
ments in volume and texture. These observations are 
particularly meaningful in the context of current regen-
erative dermatology and aesthetic medicine, as they pro-
vide direct tissue-level evidence supporting the biological 
plausibility of RF-induced adipogenesis. The coordinated 
upregulation of CD166, CD34, and CD31 represents an 
integrated regenerative response involving stem cell acti-
vation, preadipocyte proliferation, and neovasculariza-
tion. This supports the emerging paradigm that 
controlled thermal stimulation can serve as a noninva-
sive trigger for tissue regeneration, with implications for 
facial volumization and dermal rejuvenation (Table 1). 

These results collectively demonstrate that low-power, 
continuous monopolar RF treatment induces measur-
able volumetric and adipose tissue augmentation in the 
midface, accompanied by cellular and histological signs 
of tissue regeneration and remodeling.

DISCUSSION
This prospective study demonstrates that repeated 

application of low-power, continuous monopolar RF 
(Volnewmer) significantly increases subcutaneous fat 
thickness and midface volume in lean individuals. The 
findings were substantiated by multimodal evaluations, 
including high-frequency ultrasound, 3D volumetric 
imaging, and histological analyses with CD166, CD34, and 
CD31 immunohistochemistry.18–20

Fig. 4. Overlaid QuantifiCare 3D skin surface comparison of the same lean 45-year-old female patient 
shown in Figures 1–3. A, Pretreatment. B, Posttreatment surface superimposition clearly visualizes 
midfacial projection enhancement and volumization, and the highlighted surface bulge.

Fig. 5. Three-dimensional overlay analysis using the Morpheus imaging system 
of the same right cheek shown in Figures 1–4, captured from a lean 45-year-old 
female patient. The superimposed pre- and posttreatment images illustrate soft 
tissue augmentation, with a volumetric improvement of 1.32, 1.38, and up to 
1.53 mm in the midcheek depression.



PRS Global Open • 2026

6

The observed adipose thickening in both total and 
superficial layers supports the hypothesis that nonabla-
tive, sustained RF stimulation may promote adipogenesis 
rather than induce lipoatrophy—a common concern with 
traditional high-intensity pulsed RF devices. In particu-
lar, superficial fat increased by an average of 1.65 mm (P 
< 0.0001), a change that is both statistically and clinically 
meaningful. This outcome contrasts with prior reports of 
volume depletion and fat atrophy following ablative or 
pulsed RF energy delivery, especially in patients with low 
baseline fat volumes.12–15

At the cellular level, histological evidence from paired 
biopsies confirmed a posttreatment upregulation of 
CD166 and CD34, indicating activation of ADSCs and 
increased preadipocyte proliferation. CD31 expression, a 
vascular endothelial marker, was also elevated, suggesting 
concurrent neovascularization. These findings collectively 
imply that repetitive, sublethal thermal stress via continu-
ous RF may modify the subcutaneous niche in favor of 
stem cell activation, adipogenic differentiation, and vascu-
lar remodeling.21–23

This mechanistic pathway aligns with emerging litera-
ture in ultrasound-mediated tissue regeneration. Kim et 
al24 demonstrated that high-intensity focused ultrasound 
stimulates adipogenesis in ADSCs) via primary cilia sig-
naling, involving pathways such as Hedgehog and Wnt/β-
catenin. Their study revealed that thermal and mechanical 
stimulation can upregulate adipogenic markers such as 
PPARγ, C/EBPα, and FABP4, accompanied by increased 
lipid droplet accumulation.24 The authors further empha-
sized the role of ciliary disassembly as a necessary step in 
initiating adipogenic differentiation, suggesting that sub-
cellular organelles play a key regulatory role in mechano-
transduction. Clinically, this offers a paradigm shift: RF can 
be leveraged not only for dermal tightening but also for 
volumization of sunken midfacial regions—an area tradi-
tionally treated with fillers or fat grafting. Importantly, the 
treatment was well tolerated without anesthesia and dem-
onstrated excellent patient satisfaction across GAIS scores, 
reinforcing its feasibility in everyday clinical practice.

Similarly, Hsiao et al25 reported that low-intensity ultra-
sound promotes proliferation and adipogenic differentiation 

Fig. 6. Cross-sectional contour overlay analysis of the face using the Morpheus 
imaging system in sagittal, axial, and oblique planes. The red (magenta) lines 
represent the pretreatment facial contours, whereas the blue lines indicate 
posttreatment contours. Notable outward shift in the midcheek area reflects 
volumetric augmentation following treatment, particularly in regions of 
preexisting volume deficiency.

Fig. 7. Ultrasound imaging of the zygomatic hollow region from the earlobe to the oral commissure 
after monopolar RF treatment in a lean 45-year-old female patient. A, The pretreatment scan shows 
soft tissue thickness of 15.23 mm in the zygomatic depression. B, The posttreatment scan reveals a 
significant increase in thickness to 17.83 mm.
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of ADSCs via cytoskeletal remodeling and focal adhesion sig-
naling. They found that low-intensity ultrasound enhances 
the expression of early adipogenic genes such as adipo-
nectin, FABP4, and leptin, while increasing intracellular 

calcium influx and extracellular signal-regulated kinase 
phosphorylation. This suggests a broader spectrum of bioef-
fects induced by mechanical-acoustic stimulation, poten-
tially mimicked by low-power RF. The parallels between 

Fig. 8. Quantitative comparison of 3D analysis results measuring soft tissue augmentation 
after treatment: QuantifiCare and Morpheus. The blue and purple bars represent the mean 
volumetric increase (0.78 mm) and the mean thickness increase (0.86 mm), respectively, 
measured by QuantifiCare. The red bar shows the mean thickness increase (1.01 mm) 
measured by Morpheus, indicating a slightly higher sensitivity in detecting midcheek 
volumetric changes.

Fig. 9. Ultrasound-based evaluation of fat layer thickness before and after treatment. 
Total fat thickness increased from 14.7 to 16.3 mm on average, and superficial fat 
thickness increased from 6.0 to 7.6 mm. These findings support the volumizing effect of 
the treatment, particularly in the superficial fat compartment, as visualized and measured 
by high-resolution ultrasound imaging.
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thermal and mechanical energy modalities suggest a shared 
biological response spectrum, involving both gene-level reg-
ulation and cytoskeletal reorganization.

Although these studies focus on ultrasound, the prin-
ciple of sublethal biophysical stimulation inducing stem 
cell activity and adipogenesis may extend to RF. The his-
tological findings in our study suggest that RF-mediated 
adipogenic stimulation is biologically plausible and 
aligns with this growing body of literature. Notably, 
CD166, an established stemness marker expressed in 
mesenchymal stem cells, was markedly upregulated after 
repeated RF treatment, further confirming activation of 
regenerative cell populations.26–28 The mean soft tissue 

volume increase after 5 sessions was 1.1–1.3 mL in the 
zygomatic hollow area. Although individual variation 
existed, consistent fat proliferation was observed. The 
extent of fat increase seemed more closely associated 
with treatment frequency than with total energy dose. 
Excessively high RF energy may promote fat reduction 
rather than adipogenesis.

Clinically, this offers a paradigm shift: RF can be lever-
aged not only for dermal tightening but also for volumiza-
tion of sunken midfacial regions—an area traditionally 
treated with fillers or fat grafting. Importantly, the treat-
ment was well tolerated without anesthesia and demon-
strated excellent patient satisfaction across GAIS scores, 
reinforcing its feasibility in everyday clinical practice.

Although the current study was limited to an 18-week 
observation period, the increase in subcutaneous tissue 
thickness and adipocyte count suggests a true adipogenic 
effect rather than transient edema. Adipocytes, once dif-
ferentiated, are known to be long-lived, and therefore, the 
increase in fat volume is likely to be maintained beyond 
the study duration. In contrast, stem cell markers such 
as CD34 and CD166 peaked shortly after the final treat-
ment session and are expected to decline thereafter, con-
sistent with the transient activation pattern seen in tissue 
remodeling. In our study, older patients did show reduced 
responsiveness to RF stimulation. Future studies with 
extended follow-up and additional biopsies across age 
groups will help validate the durability and regenerative 
trajectory of RF-induced adipogenesis.

The findings of this study indicate that adipogenic 
differentiation occurs predominantly during the early 
regenerative phase, characterized by transient upregu-
lation of CD34 and CD166 markers. The concurrent 
increases in adipocyte number, subcutaneous thickness, 
and vascular density (CD31 expression) support that 
low-intensity RF promotes true adipogenesis rather than 
transient edema. These multimodal findings provide 
new evidence that repeated RF stimulation may activate 

Fig. 10. GAIS scores reported by patients after treatment. The average GAIS scores 
were 4.23 ± 0.57 for depression, 4.48 ± 0.51 for texture, and 4.32 ± 0.50 for elasticity. 
These results indicate high patient satisfaction, with texture improvement rated 
the highest among the 3 parameters. Error bars represent the SD.

Fig. 11. Immunohistochemical staining for CD166 expression in 
the subcutaneous fat layer following 5 sessions of low-intensity 
monopolar RF treatment. CD166-positive cells (brown staining) are 
observed adjacent to adipocytes, suggesting activation of ADSCs 
in response to repeated RF-induced sublethal thermal stimulation. 
This histological evidence supports the hypothesis that monopolar 
RF may promote adipogenesis through stem cell activation in the 
adipose niche.
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stem cell–driven regenerative remodeling within the sub-
cutaneous tissue.

Limitations
Several limitations merit consideration. First, the sam-

ple size for histological analysis was limited to 1 patient 
due to the invasive nature of biopsy. Although consistent 
trends were seen, broader histological validation is needed. 
Second, the follow-up period was limited to 18 weeks; 
long-term retention of volume and histological changes 
requires further investigation. Third, although the partici-
pants’ BMIs were stable, individual metabolic variability 
may still influence fat response. Finally, this study was not 

randomized or placebo-controlled, which may introduce 
bias despite objective measurements. Long-term durabil-
ity of volume increase was not assessed in this study and 
represents a limitation. A follow-up study of 6–12 months 
is planned to address this.

Future Directions
Future research should include a randomized con-

trolled design, long-term follow-up to assess durability, 
and multicenter validation. Exploration of dosing param-
eters (eg, energy levels, shot counts) and patient strati-
fication by age, fat thickness, and baseline volume may 
further optimize clinical outcomes. Moreover, combina-
tion approaches with other noninvasive modalities or bio-
logics (eg, exosomes, platelet-rich plasma) may synergize 
with RF-induced adipogenesis.

CONCLUSIONS
This study demonstrates that repeated low-energy 

monopolar RF treatment leads to adipogenesis in facial 
fat tissue, as supported by histological analysis, ultrasound-
based fat thickness measurements, and 3D volumetric 
scanning. The documented increase in subcutaneous 
thickness reflects true adipocyte proliferation rather than 
transient edema or fibrosis.

Importantly, the increased fat layer persisted for sev-
eral weeks posttreatment, possibly indicating a relatively 
stable adipogenic remodeling. Furthermore, CD34 and 
CD166 expression—markers for endothelial and mesen-
chymal progenitor cells—were significantly upregulated 
in the adipose tissue near fibrovascular areas, particularly 
after the final RF session. However, their expression is 

Fig. 12. Immunohistochemical staining for CD34 expression in 
the subcutaneous tissue following 5 sessions of low-intensity 
monopolar RF treatment. CD34-positive cells (brown staining) 
are observed both around adipocytes and adjacent to vascular 
structures, indicating an increased presence of endothelial 
progenitor and stem-like cells.

Fig. 13. Immunohistochemical staining for CD31 expression in 
the subcutaneous tissue following 5 sessions of low-intensity 
monopolar RF treatment. CD31-positive cells (brown staining) 
are observed surrounding fibroblasts, adipocytes, and vascular 
structures, indicating endothelial activation and neovascular 
remodeling.

Table 1. Summary of Clinical, 3D Imaging, Ultrasound, 
and Histologic Outcomes Following 5 Sessions of 
Low-energy Continuous Monopolar Radiofrequency 
Treatment

Parameter
Pretreat-

ment
Posttreat-

ment Δ/Significance

Weight, kg 51.67 51.5 NS (no signifi-
cant change)

3D volumetry  
(QuantifiCare), mL

— 0.78 ± 0.25 P < 0.01

3D thickness  
(QuantifiCare), mm

0.86 ± 0.21 P < 0.01

3D thickness  
(Morpheus), mm

— 1.01 ± 0.22 P < 0.01

Ultrasound total fat 
thickness, mm

14.73 ± 2.02 16.33 ± 1.99 P < 0.01

Ultrasound superficial 
fat thickness, mm

5.99 ± 0.78 7.64 ± 0.86 P < 0.01

GAIS (depression area 
improvement)

4.24 ± 0.54

GAIS (texture 
improvement)

4.48 ± 0.51

GAIS (elasticity 
improvement)

4.33 ± 0.48

CD166 expression ↑ stemness
CD34 expression ↑ preadipocyte 

pool
CD31 expression ↑ angiogenesis
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transient and typically returns to baseline after the regen-
erative phase concludes, consistent with endogenous stem 
cell activation patterns during tissue remodeling.

These findings, integrating objective and direct evidence 
via 3D scanning, high-resolution ultrasound, and immunohis-
tochemistry, suggest that repeated low-energy RF stimulation 
may induce a regenerative cascade involving neovasculariza-
tion and adipocyte progenitor activation. Further long-term 
studies are warranted to determine the durability and clinical 
utility of RF-induced adipogenesis in facial rejuvenation.
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