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ABSTRACT
Background:  Esthetic radiofrequency (RF) technology has much attracted public attention with the 
increasing demand for skin rejuvenation. A continuous water cooling-based monopolar RF (MRF) device 
was designed for the first time to protect the epidermis and maximize clinical outcomes.
Objective: Assess the efficacy and safety of the proposed MRF device in patients with mild-to-moderate 
sunken cheeks and jawline laxity.
Methods:  Twenty-one patients underwent a single session of MRF treatment. Quantitative analysis was 
performed using a 3D imaging technique. Postprocedural clinical improvements were assessed with 
the Merz Scale. Regarding safety, adverse events (AEs), thermal sensation (TS) and pain intensity were 
explored. Patient satisfaction was surveyed with the Self-Assessment Questionnaire (SAQ).
Results:  The follow-up investigation demonstrated that facial volume increased across the cheek and 
jawline, with lifting effects throughout the treatment area. The Merz Scale assessment revealed that 
sunken cheeks, sagging jawlines and wrinkles were markedly improved. In addition, there were 
transient AEs, mild TS and moderate pain. In SAQ, 81% patients were satisfied with the procedure.
Conclusions:  This study provided quantitative evidence for postprocedural volumetric increases along 
with enhanced lifting effects, strongly implying that the proposed MRF device can be an attractive 
option for improving facial skin volume loss and laxity.

Introduction

Skin senescence is characterized by reduced skin volume and elas-
ticity, wrinkle formation, flattened dermo-epidermal junction (DEJ) 
and uneven skin texture, which are mainly associated with the 
structural and functional alterations in connective tissue (1–3). In 
addition, an age-driven decrease in the number of fibroblasts and 
their reduced functional activity lead to the decline of collagen 
and elastin levels in the deeper layer of the skin (4) and to the 
attenuated activity of other extracellular matrix (ECM) components 
much involved in skin aging (5), having a detrimental effect on 
the integrity of the tissue (6,7). Consequently, it results in skin vol-
ume loss and laxity (8). In this context, a great deal of effort has 
been made to ameliorate ECM microenvironment for skin rejuve-
nation (5,9,10).

Growing evidence indicates that monopolar radiofrequency 
(MRF) augments skin thickness and improves skin laxity (11,12). 
Basically, MRF devices use a high-frequency electric current to 
generate heat. This heat penetrates the deep part of the skin and 
stimulates the synthesis of a variety of ECM components with an 
effect on supporting tissue volume and elasticity such as collagen, 
elastin, glycosaminoglycans (GAGs), proteoglycans (PGs) and 

growth factors (5,10), then it contributes to the restoration of 
sunken and sagging skin. Based on this mode of action, MRF 
devices have been utilized in a diversity of face and body areas 
mainly for improving wrinkles, double chin, skin texture and exces-
sive submental fat (13,14). However, the heat energy may damage 
the epidermis, thereby cooling system has been designed to reg-
ulate skin temperature and protect the epidermis (15–17). The 
existing cooling system uses a pulsed or intermittent gas-cooling 
method in which cryogen gas is released multiple times according 
to its own protocol during RF treatment (18,19). However, a num-
ber of studies revealed that the gas cooling-based RF devices pro-
duced high pain scores of more than 6 (0–10 range) even after 
(local) anesthesia, showing severe or intense pain (20,21). 
Accordingly, a new modality of cooling technology that can reduce 
pain and enhance clinical efficacy is currently required.

It is well established that reduced skin volume and elasticity is 
crucial phenotypes of aged skin, and their restoration is therefore 
an important parameter to assess the extent of skin rejuvenation 
(22,23). Three-dimensional (3D) imaging analysis has been intro-
duced to investigate age-dependent skin volume changes in 
esthetic clinical settings, and it offers quantitative data for the 
changes, helping us to objectively figure out postprocedural 
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outcomes after RF treatment (24,25). In addition, this imaging 
analysis allows us to investigate the degree of skin lifting effects 
for each region of the face, which is also very useful to figure out 
changes in the effects before and after treatment. Accumulating 
data reveal that this 3D methodology can track and evaluate 
quantitatively post-treatment alterations in skin rejuvenation 
beyond the existing methods that have remained largely in a sub-
jective observation of dermatologists (26,27).

Accordingly, in the present study, we introduced a novel MRF 
device equipped with a continuous water-cooling system and 
explored facial volume changes and skin lifting effects in patients 
with mild-to-moderate sunken cheeks and jawline laxity before 
and after MRF treatment using a 3D imaging technique. In addi-
tion, diverse assessment tools were used for other postprocedural 
esthetic improvements, safety and patient satisfaction.

Methods

Study participants

A total of 21 Asian patients were enrolled in this study in accor-
dance with the inclusion and exclusion criteria. They were all 
health and of Korean ethnicity between 26 and 72 years old 
(47.38 ± 2.74) and showed mild-to-moderate sunken cheeks and 
jawline laxity with a type II or type III Fitzpatrick skin phenotype.

Inclusion and exclusion criteria

Adult Asian patients who have mild-to-moderate sunken cheeks 
and skin laxity of the mid and lower face but have no other health 
problems were included in the study. In addition, patients with 
collagen or cutaneous disorders, metal or electrical implants in the 
body, scars in the treatment area, active infections, prior cosmetic 
surgery experience (derma fillers not applicable) and pregnant or 
breastfeeding women were excluded from the study.

MRF treatment

This MRF device consists of a generator, two handpieces, four 
interchangeable tips, and a water-cooling unit (VOLNEWMER, 
CLASSYS Inc., South Korea). All patients underwent a single ses-
sion of MRF treatment without anesthetics. In this procedure, F 
(size: 3.0 cm2) and V (4.0 cm2) tips were used for the face with 
energy levels of 1.5–3.5 (corresponding to the energy of 11.7–21.7 
J/cm2 for F tip or 11.3–21.3 J/cm2 for V tip), and approximately 
260–650 shots per patient (5–6 passes for the cheek, 4–5 passes 
for the chin, and 2–3 passes for other areas including wrinkles) 
were applied over the mid and lower face. Specifically, F tip was 
used for upper and lower cheeks and wrinkles, V tip for jawline 
areas. Prior to treatment, a return pad was attached to one side 
of the upper back. In addition, coupling gel containing glycina-
mide, which is a potent anti-melanogenic agent and increases 
type I and III collagen levels (28), was applied to the treatment 
area to facilitate the penetration of RF waves into the skin and 
prevent the risk of skin burning. The treatment area of the 
mid-face extends laterally from the nasolabial folds to the man-
dibular angle and the preauricular area. For the lower face, the 

area extends inferomedially from the marionette lines to the man-
dible. During treatment, the epidermis temperature was measured 
using an infrared camera (FLIR E-5, FLIR Systems, OR, USA) and 
ranged 38–41 °C under the continuous water-cooling system in 
which chilled water circulates around the contact surface of tips 
(Supplementary Figure S1).

Efficacy assessment: 3D imaging analysis, Merz Scale, and GAIS

The Vectra XT 3D imaging system and Vectra 3D Analysis Module 
(VAM) software (VECTRA, CANFIELD Inc., NJ, USA) was used to 
quantitatively analyze facial volumetric changes and investigate 
the regions where the lifting effect occurred and the strength of 
this effect. This setup has a total of six cameras in three pods and 
shows high resolution and accuracy (3.6 mega pixel color resolu-
tion, 1.2 mm geometry resolution, 0.1 mm accuracy), which can 
cover 180˚ field of view. The VAM solution provides 3D images and 
multiple analytical tools for them, thus automatically measuring 
volume differences in the defined area and identifying lifting 
effects (29,30). In the VAM, the pretreatment volume value is 
assumed to be ‘zero’, and the VAM calculates the post-treatment 
volume value by measuring the amount of volume gain or loss 
after treatment compared to before treatment (zero) (see also 
Figure 2). In addition, the proportion (%) of each volume gain (or 
loss) area in the entire volume gain (or loss) area was calculated 
by dividing the area of each volume gain (or loss) area by that of 
entire volume gain (or loss) area (if a region is designated on the 
3D image, the area of that region can be determined) (see also 
Figure 3). The 3D imaging data were obtained from patients before 
treatment (baseline) and at 4 and 12 weeks after treatment 
(follow-up visits).

The Merz Scale, which is a standardized and globally accepted 
tool for measuring the process of skin aging, was used by two 
independent dermatologists to assess the degree of improvements 
in sunken cheeks, jawline sagging, nasolabial folds (NF), and mari-
onette lines (ML) at both follow-up visits after treatment. This rat-
ing system is based on a scale of 0–4. In general, each score 
indicates 0 = normal (no issue), 1 = mild, 2 = moderate, 3 = severe, 
and 4 = very severe. For instance, in case of rating cheek fullness, 
each score indicates as follows: 0 = full cheek, 1 = mildly sunken 
cheek, 2 = moderately sunken cheek, 3 = severely sunken cheek, 
and 4= very severely sunken cheek (31).

Investigator Global Aesthetic Improvement Scale (IGAIS) and 
Subject GAIS (SGAIS) were also used to rate the overall esthetic 
improvements of patients at both follow-up visits. This rating sys-
tem is based on a scale of 0–4, and each score indicates as fol-
lows: 0 = no change, 1 = minimal improvement, 2 = mild 
improvement, 3 = moderate improvement, and 4 = marked improve-
ment (32).

Safety and satisfaction survey

Two independent dermatologists performed safety assessment 
immediately, 4 weeks, and 12 weeks after treatment. Initially, 
adverse events (AEs) were identified by the dermatologists imme-
diately after treatment. At 4 and 12 weeks after treatment 
(follow-up visits), they investigated how long the AEs lasted, 
whether the AEs were still present and there were any new AEs. 
Next, thermal sensation (TS) and pain levels were investigated 
using the TS Scale (TSS) (revised suitable for our study) (33) and 
the Numeric Rating Scale (NRS) (34), respectively, immediately 
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after treatment and at the two follow-up visits. Patients were 
asked to rate their TS on a scale of 1–5. Each score indicates as 
follows: 1 = comfortable, 2 = slightly warm, 3 = warm, 4 = hot, and 
5 = very hot. Similarly, patients were asked to rate their pain on a 
scale of 0–10. Each score indicates as follows: 0 = no pain, 1–3 = mild 
pain, 4–6 = moderate pain, and 7–10 = severe pain.

In addition, at the final visit, patient satisfaction was surveyed 
using the Self-Assessment Questionnaire (SAQ), which is composed 
of the following questions based on a five-point Likert scale: (1) 
Are you overall satisfied with the procedure for facial rejuvenation? 
(2) How much has your facial skin improved? (3) Did you feel com-
fortable throughout the procedure? (4) Would you recommend the 
procedure to your friends? (35).

Statistical analysis

Statistical analysis was performed using SPSS software ver. 26 
(IBM, Armonk, NY, USA). All the values produced during the study 
were represented as mean ± standard errors of mean (SEM). In the 
3D volumetric analysis, changes in facial volume over time were 
analyzed using a one-way repeated measures (RM) analysis of vari-
ance (ANOVA), followed by a post hoc Tukey test or Holm-Sidak for 
multiple comparisons. Regarding the Merz Scale, IGAIS, and SGAIS 
assessments, comparison between groups was also carried out 
using a one-way RM ANOVA, followed by a post hoc Tukey test or 
Holm-Sidak for multiple comparisons. Notably, data, which did not 
pass the normality test, were analyzed using the Friedman’s test 
with a post hoc Tukey test for multiple comparisons. p Values of 
less than .05 were considered statistically significant.

Results

Patient demographics and study timeline

Twenty-one patients, who met the inclusion criteria, were enrolled 
in this study. They were 18 female (85.7%) and 3 male (14.3%) 
patients and were of Korean ethnicity with a type II (n = 9, 42.9%) 
or type III (n = 12, 57.1%) Fitzpatrick skin phenotype. The mean age 
of the patients was 47.38 ± 2.74 (mean ± SEM) (Table 1).

After completing the enrollment process, a single session of 
MRF treatment was performed according to the study timeline 
(0 W) and subsequently multiple parameters were assessed at each 
time point (4 W, 12 W) (Figure 1).

Visual assessment and 3D photos

Following treatment, changes in facial volume and appearance 
were identified at 4 weeks and 12 weeks. Visual observation found 
that the sunken cheek was improved (blue arrow) and the sagging 
jawline was tightened and lifted (red dotted line) 12 weeks after 

treatment compared to baseline (Figure 2(A)). Consistent with this 
result, 3D imaging analysis revealed that facial volume was aug-
mented mainly across the cheek and the jawline (blue dotted line) 
while decreasing predominantly around the ML (red dotted lines) 
12 weeks after treatment (Figure 2(B), left panel). Skin lifting effects 
were found over the entire face, but they were most evident 
around the cheek and the jawline (blue dotted line), and the peri-
oral areas (red dotted line) (Figure 2(B), right panel).

Measurement of volumetric alterations

Next, quantitative analysis was conducted to investigate how much 
volume was increased or decreased in the mid-lower face, the 
cheek, and the jawline after treatment. It was shown that compare 
to baseline (assumed to be zero on the VAM), face volume rose by 
3.42 ± 0.54 cc and 7.98 ± 1.27 cc around the cheek, jawline, and oth-
ers at 4 and 12 weeks after treatment, respectively (Figure 2(C), left 
bars). Conversely, there was a slight volume loss by 0.67 ± 0.26 cc 
and 1.03 ± 0.31 cc around the nose, perioral area, and others at 4 
and 12 weeks after treatment, respectively (Figure 2(C), right bars). 
Notably, after comparing volume changes between 4-week and 
12-week follow-ups, there was a significant difference in terms of 
volume gain (p < .001) but a slight difference in terms of volume loss 
(statistically not significant) (Figure 2(C)). Specifically, the volume of 
upper cheeks increased by 2.12 ± 0.34 cc and that of lower cheeks 
by 3.49 ± 0.55 cc at 12 weeks post-treatment. The overall cheek vol-
ume rose by 5.66 ± 0.90 cc at 12 weeks post-treatment. And the 
cheek volume gain at 12 weeks was markedly greater than that at 
4 weeks in both upper and lower cheeks (p < .001) (Figure 2(D)). The 
jawline volume was also significantly increased at 12 weeks 
(1.33 ± 0.21 cc) compared to 4 weeks (0.57 ± 0.09 cc) (Figure 2(E)) 
(p < .001). Overall results were summarized in Table 2.

Volume gain or loss areas

The main areas where volume gain or volume loss was observed 
were identified using 3D imaging analysis. At 12-week follow-up 

Table 1.  Patient demographics.

Demographic Value

Total no. 21
Gender, n (%)
 F emale 18 (85.7%)
 M ale 3 (14.3%)
Age, mean ± SEM (range) 47.38 ± 2.74 (33–72)
Skin phototype, n (%)
 II  9 (42.9%)
 III  12 (57.1%)
Ethnicity Korean (all)

Figure 1. T his procedure was conducted according to the schedule, which was 
composed of the enrollment period, the treatment time point, and the follow-up 
visit period. In addition, after MRF treatment (0 W), a variety of parameters 
related to the efficacy and safety of this procedure were investigated at each 
time point (4 W, 12 W). RA: recruitment announcement; SCR: screening; IC: inclu-
sion criteria; EC: exclusion criteria; ICF: informed consent form; B: baseline; TS: 
thermal sensation; P: pain; F1: first follow-up visit; F2: second follow-up visit; VO: 
visual observation; 3D: three-dimensional imaging analysis; MS: Merz Scale; IG: 
Investigator Global Aesthetic Improvement Scale; SG: Subject Global Aesthetic 
Improvement Scale; PS: patient satisfaction; W: week.
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Figure 3.  Volumetric increases were most evident in the cheek (blue dotted line) (A, left panel) and this area was found to be where the lifting effects were strong 
(A, right panel). In addition, volumetric decreases were most evident in the ML (red dotted line) (A, left panel) and in this area, the lifting effects were also evident 
(A, right panel). Collectively, in all patients, most of the volume gain area was observed in upper (26.56 ± 4.04%) and lower (43.75 ± 3.20%) cheeks, followed by the 
jawline (19.62 ± 2.20%) (B). And most of the volume loss area was found around NF (27.37 ± 7.62%) and ML (57.69 ± 8.32%) (C). UC: upper cheek; LC: lower cheek; JL: 
jawline; NF: nasolabial fold; ML: marionette line.

Figure 2. I n a representative case for a 37-year-old female patient (A, B), visual esthetic improvements were found mainly around the cheek (bule arrow) and the 
jawline (red dotted line) before and after treatment (A). In the color scale bar (B, left panel), going toward the bright blue color (upper part) indicates more volumetric 
increases, conversely, going closely to the bright yellow (lower part) indicates more volumetric decreases. A volumetric increase was found predominantly around the 
cheek (blue dotted line) and a volumetric decrease was found mainly around the ML (red dotted line) (B, left panel). In another color scale bar (B, right panel), going 
toward the red color (upper part) indicates stronger lifting effects, conversely, going closely to the blue color indicates weaker lifting effects. Similarly, lifting effects 
were also found most strongly in the cheek (blue dotted line) and the ML (red dotted line) (B, right panel). Overall volumetric changes were significantly enhanced 
at 12 weeks, compared to 4 weeks, after treatment (p < .001) (C). More specifically, the volume in upper and lower cheeks was markedly augmented at 12 weeks com-
pared to 4 weeks (p < .001) (D), the jawline volume also significantly rose at 12 weeks compared to 4 weeks (p < .001) (E). The symbol, *, indicate statistical significance 
between 4 W and 12 W (**, p < .001). NS: not significant; W: week.
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visit, volume gain was clearly shown over the cheek (blue dotted 
line) (Figure 3(A), left panel), and this region was found to be coin-
cided with the region where lifting effects were evident (blue dot-
ted line) (Figure 3(A), right panel). In detail, it was found that main 
volume gain areas included upper cheek, lower cheek, and jaw-
line, which account for 26.56 ± 4.04%, 43.75 ± 3.20%, and 
19.62 ± 2.20% of the entire mid-lower face, respectively (Figure 3(B)).

Meanwhile, volume loss was shown predominantly around ML 
(red dotted line) (Figure 3(A), left panel), and importantly, this 
region was be coincided with the region where lifting effects were 
most evident (red dotted line) (Figure 3(A), right panel). In all 

patients, approximately 85% of the volume loss area was found 
around wrinkles near to the cheek and the mouth such as NF 
(27.37 ± 7.62%) and ML (57.69 ± 8.32%) (Figure 3(C)).

Merz Scale and GAIS assessment

Two independent dermatologists graded comprehensively the 
degree of improvements in the upper and lower cheek, the jaw-
line, and wrinkles (NF, ML) using the Merz Scale. It was shown that 
upper (1.65 ± 0.10 at 4 W, 0.65 ± 0.09 at 12 W) (Figure 4(A)) and 
lower (1.59 ± 0.11 at 4 W, 0.72 ± 0.10 at 12 W) (Figure 4(B)) cheeks 
were significantly improved 4 and 12 weeks or 12 weeks after treat-
ment compared to baseline (2.31 ± 0.13 for upper cheek, 2.06 ± 0.17 
for lower cheek) (all, p < .05). In addition, the jawline was also 
improved 4 (1.72 ± 0.18) and 12 (0.72 ± 0.22) weeks after treatment 
compared to baseline (2.19 ± 0.20, p < .05) (Figure 4(C)). Lastly, for 
the wrinkles, there was a slight improvement at 4 weeks (1.50 ± 0.18 
for NF, 1.47 ± 0.17 for ML) and subsequently a significant improve-
ment at 12 weeks (0.65 ± 0.09 for NF, 0.81 ± 0.12 for ML) compared 
to baseline (1.78 ± 0.22 for NF, 1.84 ± 0.22 for ML, p < .05) (Figure 
4(D,E)). Overall results were summarized in Table 3.

In addition, the I/SGAIS assessments revealed that there  
were minimal-to-mild improvements at 4 weeks after treatment. 
And these improvements were markedly enhanced at 12 weeks 
after treatment, notably, the SGAIS score (3.19 ± 0.13, p < .001) 
was slightly higher than the IGAIS score (3.05 ± 0.16, p < .05) 

Table 2. C hanges in facial volume around cheek and jawline areas.

Area

Volume change (cc)
Increase/decrease 

rate (%)

4W 12W 4W vs 12W

Mid-lower face
 G ain 3.42 ± 0.54 7.98 ± 1.27 133.33 (**)
 L oss 0.67 ± 0.26 1.03 ± 0.31 53.73 (decrease) (NS)
Cheek
 U pper cheek 0.91 ± 0.14 2.12 ± 0.34 132.97 (**)
 L ower cheek 1.49 ± 0.24 3.49 ± 0.55 134.23 (**)
 O verall 2.43 ± 0.38 5.66 ± 0.90 132.92 (**)
Jawline 0.57 ± 0.09 1.33 ± 0.21 133.33 (**)

Note: W: week; NS: not significant.
** indicates a statistical significance (p < .001).

Figure 4. T he Merz Scale assessment showed that compared to baseline, there were marked improvements in the upper cheek (A), the lower cheek (B), and the 
jawline (C) at 4 weeks or 4 and 12 weeks after treatment (all, p < .05). NF (D) and ML (E) were also significantly improved at 12 weeks after treatment (all, p < .05). In 
addition, the IGAIS and SGAIS assessments showed that overall esthetic improvements were significantly enhanced at 12 weeks, compared to 4 weeks, after treatment 
(both, p < .05) (F). The symbols, *, †, and #, indicate statistical significance between baseline and 4 W or 12 W, 4 W and 12 W (Merz Scale), and 4 W and 12 W (IGAIS, 
SGAIS), respectively (*, †, and #, p < .05). B: baseline; W: week; NS: not significant.
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(Figure 4(F)), showing more-than-moderate improvements (both). 
In effect, at the 12-week follow-up visit, number of patients with 
a GAIS score of 3 or 4 increased in both IGAIS and SGAIS (Table 
4). Accordingly, consistent with the Merz Scale results, the I/
SGAIS results also showed esthetic improvements at both 4-week 
and 12-week follow-up visits. Overall results were summarized in 
Table 4.

Safety assessment

AEs were reported immediately, 4 and 12 weeks after treatment, 
including erythema (76.2%, 16 out of 21 patients), edema (42.8%, 
9 out of 21), skin numbness (14.3%, 3 out of 21), tingling sensa-
tion (19%, 4 out of 21), and soreness (4.8%, 1 out of 21) (Figure 
5(A)). However, they were trivial and transient, and were restored 
within 24 h (erythema, edema, soreness) or a week (skin numb-
ness, tingling sensation). Notably, other possible AEs such as tissue 
irregularities, scarring, burning, and blistering were not reported 
and new AEs that were not detected immediately after treatment 
did not occur at both follow-up visits.

TS and pain intensity were rated immediately, 4 and 12 weeks 
after treatment. The mean TSS score was 3.31 ± 0.12 immediately 
after treatment and showed a ‘warm’ level (Figure 5(B), left bar), 
which was fully relieved within an hour. The mean NRS score was 
4.28 ± 0.25 immediately after treatment and showed moderate 
pain, which was fully relieved within an hour (Figure 5(B), right bar).

Patient satisfaction survey

The survey of patient satisfaction with the procedure was per-
formed using the SAQ at the 12-week follow-up visit. Each patient 
filled out the questionnaire, showing that 17 out of 21 patients 
(80.9%) were found to be satisfied with the procedure, and further, 
7 out of 21 patients (33.3%) reported being ‘very satisfied’ (Table 
5, upper column).

More than 85% of patients reported being ‘very improved’ or 
‘improved’. Notably, 6 out of 21 patients (28.6%) reported being 

‘very improved’. In addition, more than 85% of patients reported 
that they felt ‘comfortable’ or ‘very comfortable’ throughout the 
procedure (Table 5, middle column).

Lastly, it was found that more than 76% of patients were will-
ing to recommend the procedure to their friends. And 23.8% of 
patients reported that they would ‘very likely’ recommend it to 
their friends (Table 5, lower column).

Discussion

Sunken cheeks and sagging jawlines are representative pheno-
types of aged skin and restoring them is therefore a crucial goal 
for facial skin rejuvenation (9). In the present study, we attempted 
a quantitative analysis for facial volume changes in patients with 
mild-to-moderate sunken cheeks and jawline laxity using the 3D 
imaging system, finding that facial volumetric increases and skin 
lifting effects were markedly enhanced mainly around the cheek 
(Figure 2(B,D)) and the jawline (Figure 2(B,E)) at 12 weeks after 
treatment. These results indicate that MRF treatment restored 
sunken cheeks and sagging jawlines by increasing their volume 
and lifting them up.

A variety of modalities have been used for stimulating the pro-
duction of ECM components for skin rejuvenation because ECM 
contains multiple proteins and molecules that can improve overall 
facial skin conditions as well as sunken and sagging skin, such as 
mainly collagen, elastin, GAGs, PGs, and growth factors (5,36,37). 
Importantly, growing evidence demonstrates that RF devices are 
effective in encouraging the production of ECM components and 
have a great impact on ECM microenvironment (9,10,38). In a 
molecular level, these events are facilitated via transforming 
growth factor-beta (TGF-β)/Smad signaling post-RF treatment. 
Initially, RF treatment upregulates TGF-β, a major regulator of ECM, 
which in turn binds to TGF-β type II receptors, followed by phos-
phorylation of TGF-β type I receptors. This phosphorylation acti-
vates Smad2 and Smad3, then leading to the combination with 
Smad4 to form Smad complexes. And these complexes translocate 
into the nucleus to positively modulate ECM components. In this 
way, MRF or RF treatment is deeply engaged in their expression 

Table 3. M erz Scale: assessment of cheek fullness, jawline sagging, and wrinkle depth.

Area

Score Decrease rate (%)

B 4W 12W B vs 4W B vs 12W 4W vs 12W

Cheek
 U pper cheek 2.31 ± 0.13 1.65 ± 0.10 0.65 ± 0.09 28.57 (*) 71.86 (*) 60.60 (*)
 L ower cheek 2.06 ± 0.17 1.59 ± 0.11 0.72 ± 0.10 22.81 (NS) 65.04 (*) 54.71 (*)
Jawline 2.19 ± 0.20 1.72 ± 0.18 0.72 ± 0.22 21.46 (*) 67.12 (*) 58.14 (*)
Wrinkle
 NF  1.78 ± 0.22 1.50 ± 0.18 0.65 ± 0.09 15.73 (NS) 63.48 (*) 56.67 (*)
 ML  1.84 ± 0.22 1.47 ± 0.17 0.81 ± 0.12 20.11 (NS) 55.98 (*) 44.90 (*)

Note: W: week; NF: nasolabial fold; ML: marionette line; NS: not significant.
* indicates a statistical significance (p < .05).

Table 4. G lobal Aesthetic Improvement Scale.

Rating score

Scale 0 1 2 3 4 Mean

IGAIS, n (%)
  4 weeks 1 (4.8%) 7 (33.3%) 13 (61.9%) 0 0 1.57 ± 0.13
  12 weeks 0 1 (4.8%) 2 (9.5%) 13 (61.9%) 5 (23.8%) 3.05 ± 0.16
SGAIS, n (%)
  4 weeks 1 (4.8%) 4 (19.0%) 16 (76.2%) 0 0 1.71 ± 0.12
  12 weeks 0 0 2 (9.5%) 13 (61.9%) 6 (28.6%) 3.19 ± 0.13

Notes: Numbers in cells indicate the number of patients. GAIS score: 0 = no change, 1 = minimal improvement, 2 = mild improvement, 
3 = moderate improvement, and 4 = marked improvement.
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and activation (9,38–40). Previous studies showed that collagen 
and elastin levels significantly increased in the epidermal and der-
mal layers of the skin post-MRF or RF treatment, thereby leading 
to the augmentation of skin thickness and elasticity (41–44). In 
addition, GAGs, PGs, and growth factors, also participated in 
improving skin conditions. It is well known that GAGs, especially 
hyaluronic acid, are greatly involved in increasing or maintaining 
tissue volume and hydration (37). PGs have a critical role in main-
taining hydration, supporting tissue structure, regulating cell-cell 
interaction for tissue repair, and acting as molecular reservoirs of 
growth factors, potentially contributing to the improvement of 
skin volume and elasticity (36). The current study showed actual 
volumetric increases along with enhanced lifting effects mainly 
around the cheek and the jawline using a quantitative analysis. In 
detail, the cheek volume rose by 5.66 ± 0.90 cc and the jawline vol-
ume by 1.34 ± 0.21 at 12 weeks post-treatment (Figure 2(D,E)). Thus, 
it can be speculated that the volume increases and lifting effects 
observed in our study might be due to augmented collagen and 
elastin levels, as well as to activated and upregulated other ECM 
components (GAGs, PGs, etc.) after MRF treatment. Further studies 
are warranted to demonstrate actual changes in the expression 
level of ECM components in human subjects, parallel with facial 
volume change.

By contrast, the current study also reported volume loss in the 
face of the patients (Figure 3). Most of the volume loss area was 
detected in NF and ML (approximately 85%) (Figure 3(C)), and 
intriguingly, lifting effects were most evident around those regions 

(Figure 3(A,C)), indicating that this volume loss is closely associ-
ated with the lifting effects. Accordingly, it could be interpreted 
that MRF-induced lifting effects around NF and ML pull the areas 
upward, resulting that postprocedural volume in the areas was 
measured to be relatively reduced than preprocedural one. In 
effect, volume restoration can improve wrinkles and then give it 
contour, consequently leading to a morphological alteration (45). 
Collectively, our results suggest that this volume loss is attributed 
to a morphological change by the lifting effects around NL and 
ML, rather than actual volume loss.

In addition, two independent dermatologists assessed compre-
hensively postprocedural esthetic improvements using the Merz 
Scale. It was shown that sunken cheeks and sagging jawlines 
were significantly improved 4 weeks or 4 and 12 weeks after treat-
ment compared to baseline (all, p < .05) (Figure 4(A–C)). Notably, 
the Merz assessment scores on the wrinkle depth of NF and ML 
were also significantly improved 12 weeks after treatment com-
pared to baseline (both, p < .05) (Figure 4(D,E)). It is believed that 
these achievements are attributed to the actual volume increases 
and lifting effects observed in the 3D images. Consequently, 
mild-to-moderate sunken cheeks, jawlines, and wrinkles were 
restored to mild or less-than-mild level. Furthermore, the I/SGAIS 
assessments supported these outcomes (Figure 4(F)). Collectively, 
it was demonstrated that this MRF device has sufficient efficacy 
to ameliorate sunken cheeks, sagging jawlines, and wrinkles.

With regard to safety, our study showed that TSS and NRS 
scores were 3.15 ± 0.15 (1–5 range) and 4.28 ± 0.25 (0–10 range), 

Figure 5. AE s were identified immediately after treatment, and erythema (76.2%) and edema (42.8%) were most frequently reported in the patients. At the two 
follow-up visits, these AEs were no longer found and there were no new AEs (data not shown) (A). In addition, thermal sensation and pain intensity were investigated 
immediately after treatment, and TSS and NRS showed mild or moderate levels of thermal sensation (B, left bar) or pain (B, right bar), respectively, which were fully 
relieved within an hour. In the graph, numbers above each bar represent the number of patients corresponding to each AE. ERM: erythema; EDM: edema; SKN: skin 
numbness; TLS: tingling sensation; SRN: soreness; TSS: Thermal Sensation Scale; NRS: Numeric Rating Scale.

Table 5.  Self-assessment questionnaire for patient satisfaction.

No. Questions and answers

Q1 Are you overall satisfied with the procedure for face rejuvenation?
A1 Very dissatisfied Dissatisfied Neutral Satisfied Very satisfied
P1 0 0 19% (4) 47.7% (10) 33.3% (7)
Q2 How much has your facial skin improved?
A2 Much worse Worse No change Improved Much improved
P2 0 0 14.3% (3) 57.1% (12) 28.6% (6)
Q3 Did you feel comfortable throughout the procedure?
A3 Very uncomfortable Uncomfortable Neutral Comfortable Very comfortable
P3 0 4.8% (1) 9.5% (2) 14.3% (3) 71.4% (15)
Q4 Would you recommend the procedure to your friends?
A4 Very unlikely Unlikely Neutral Likely Very likely
P4 0 4.8% (1) 19% (4) 52.4% (11) 23.8% (5)

Notes: Numbers in parentheses indicate the number of patients. Q: question; A: answer; P: percentage.
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respectively, showing a ‘warm’ level and moderate pain (Figure 
5(B)). In addition, there were minor and temporary AEs (Figure 
5(A)). We used 3.0-cm2 and 4.0-cm2 tips at energy levels of 1.5–3.5 
(approximately, 11.7–21.7 J/cm2 for the former and 11.3–21.3 J/cm2 
for the latter), applying a total of 260–650 shots per patient with 
20–50% overlapped without anesthetics. Meanwhile, Suh et  al. 
reported the latest update of a MRF device based on an intermit-
tent gas-cooling system. This questionnaire-based study showed 
that the latest version of a gas cooling-based MRF device is more 
effective (57.4% of dermatologist users), more convenient (19.1%), 
faster (66%), but more painful (25.5%) than its prior version. And 
23.5% of dermatologists who experienced post-treatment compli-
cations reported severe pain, suggesting that there is a safety 
issue in the device (18). In effect, a high level of pain was reported 
on the same device in another study. Angra et  al. reported that 
even under pain control with ketorolac 60 mg, the mean pain 
score was 6.9 (0–10 range) during and after treatment. They deliv-
ered a total of 900 pulses at energy levels of 0.5–5 (approximately, 
6.3–28.5 J/cm2) (20). However, compared to the studies above, our 
study showed less pain and better safety profile while achieving 
significant improvements even with no anesthesia. It suggests that 
the water-cooling system is effective in controlling pain and fur-
ther contributes to promoting clinical outcomes. In contrast to the 
existing intermittent gas-cooling system, the water-cooling system 
uses circulating chilled water (12–20 °C) to continuously cool the 
epidermis. Under this system, 1000-ms single RF pulse can be irra-
diated at a time, and therefore even and sufficient RF energy can 
be delivered to the skin (Supplementary Figure 1S). Notably, heat 
capacity of water is higher than gas and is constant throughout 
the temperature range, putatively more helpful in preventing 
excessive bulk heating, especially in sparing the skin surface 
(46,47). It is believed that these functional differences may allow 
this device to show sufficient efficacy and less pain in treating the 
patients. For an accurate comparison, studies should be warranted 
to directly compare efficacy and safety between water 
cooling-based and gas cooling-based devices in the future.

The present study also reveals a number of limitations. In par-
ticular, the ethnicity of study participants limited to East Asians 
(Koreans). Skin conditions differ depending on ethnicity, and even 
within East Asia populations. Therefore, further studies should be 
conducted with participants of various ethnicities to report more 
reliable clinical outcomes for this device and procedure, thus pro-
viding better insights into generalizability. Second, this study did 
not investigate the expression patterns of ECM proteins and mol-
ecules with crucial roles in improving and delaying skin aging 
before and after treatment. If such effects are reported together 
with those of MRF-induced volume increase and skin lifting, it 
could serve as strong evidence for the efficacy of water-cooling 
based MRF devices. Lastly, this study did not directly compare our 
device with a gas-cooling based MRF device. To elucidate more 
accurately the advantages and disadvantages of water-cooling sys-
tem, further studies are warranted, possibly designed to compare 
the efficacy and safety of the two cooling modalities in a 
well-established randomized controlled trial.

Conclusions

The present study reported the efficacy and safety of a novel MRF 
device equipped with a continuous water-cooling system. 
Importantly, we offered quantitative evidence for post-treatment 
volumetric changes in the major regions of the face and showed 
reliable clinical outcomes using various assessment tools. 

Interestingly, this water cooling-based device showed moderate 
pain even without anesthetics while delivering high energy. 
Therefore, these results show that our novel MRF device is effec-
tive and safe in treating mild-to-moderate sunken cheeks and jaw-
line laxity in Asian patients, strongly implying that the continuous 
water-cooling system can be a new alternative that makes up for 
the weak point of the conventional cooling modality.
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