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Abstract
Monopolar radiofrequency (RF) devices have improved since 2002, with a significant change in the widths of the tip that 
comes into direct contact with the skin. We compared the histometric changes between different tip irradiation areas. A 
total of 28 participants were divided into two groups (14 participants per group) and received a single session of mono-
polar RF on the face using a 3 × 3 cm2 tip (Group S) or 4 × 4 cm2 tip (Group L). Skin biopsies were performed before and 
2 months after treatment. The densities of collagen and elastic fibers in the papillary, upper reticular, and lower reticular 
dermis were assessed using the ImageJ software. Group L had a higher collagen density in all dermal layers before and 
after treatment than Group S; this was particularly noted among those aged 20–39 years. Among those aged > 60 years, 
Group S had higher collagen density in the papillary dermis than Group L. A large-width tip resulted in deeper and more 
powerful skin tightening, and a small-width tip may be more suitable for older adults.
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Introduction

Monopolar radiofrequency (RF) devices use RF energy to 
heat the dermis and fibrous septae, thus sparing the epi-
dermis from damage [1]. The heat delivered to the dermis 
causes controlled thermal injury, resulting in rearrange-
ment and regeneration of the dermal matrix [2]. RF heat-
ing stimulates fibroblasts to produce new collagen and other 
proteins that enhance the dermal structure [3]. Monopolar 
RF treatments improves collagen fiber density with both 
the CPT (Comfort Pulse Technology) [4] and FLX (Faster, 
Algorithm, Experience) tips [5]. Advanced since the early 
2000s, Technological evolution in radiofrequency (RF) 
systems has progressed from broad energy application to 
advanced modalities—such as fractional delivery and syn-
ergistic multi-modality combinations—enabling precise 
control over penetration depth and targeted tissue remod-
eling. Consequently, these continuous methodological 
refinements have minimized peripheral tissue damage and 
optimized safety profiles, establishing modern RF technol-
ogy as a cornerstone of noninvasive anti-aging therapy [6]. 
Preliminary data and expert opinion suggest that early and 
repeated intervention with monopolar RF may prevent pro-
gressive skin laxity via synergistic and cumulative effects 
[7]. A significant change in these devices is the difference 
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in tip width, which is in direct contact with the skin. It is 
regarded that the larger the monopolar RF tip size, the more 
energy can be delivered to the deeper layers [5]. This study 
compared histometric quantitative changes according to 
tip width and different age groups because dermal aging is 
largely attributed to the accumulation of fragmented colla-
gen and depleted collagen level [7].

Materials and methods

The participants were randomly divided into two groups, 
with each group comprising 14 participants with Fitzpat-
rick skin types III and IV, aged 24–78 years (mean age, 45 
years; 2 men and 12 women per group). Patients with a his-
tory of keloid, active cutaneous infections, photosensitiv-
ity, uncontrolled general diseases, or insertion of electrical 
devices such as pacemakers were excluded from this study. 
Individuals who had undergone energy-based devices, 
chemical peel, or facial plastic surgery within 6 months 
were excluded as well. Pregnant or lactating ones were also 
excluded from this study. Conformed to the tenets of the 
Declaration of Helsinki, this study(Clinical trial number: 
not applicable) adhered to the Institutional Review Board 
(IRB) guidelines, and all participants provided written 
informed consent. Thermage CPT (Group S) (Thermage® 
CPT, Thermage® Inc., Hayward, California) and FLX 
(Group L) (Thermage® FLX, Thermage® Inc., Hayward, 
California) were used. All participants were informed of 
possible complications prior to enrollment.

Baseline characteristics including age, Fitzpatrick skin 
type, and Facial Laxity Rating (FLR) scale score were 
assessed between group S and L groups [8]. Age was 
compared using Welch’s t-test and Fitzpatrick skin type 
distribution was compared using the Fisher–Freeman–Hal-
ton exact test because of the small sample size. Because 
the FLR scale is an ordinal variable ranging from 0 to 
9, baseline FLR scores were summarized as median and 
interquartile range (IQR) and compared using the Mann–
Whitney U test. Statistical significance was defined as a 
two-sided p-value < 0.05.

Local anesthesia was induced by applying a topical cream 
(Lidocaine; Daehan New Pharm, Seoul, South Korea) 1 h 
before the treatment. After the application of the conductive 
fluid, each participant received a single session of monopo-
lar RF with static technique on the face using a 3 × 3 cm2 
CPT tip or a 4 × 4 cm2 FLX tip. The FLX tip was 4.0 cm², 
which was 33% larger than that of the CPT tip. Skin biop-
sies were performed before and 2 months after treatment and 
stained with hematoxylin and eosin, Masson’s trichrome, 
and Victoria blue. The treatment levels were 1.5–3.0, and 
the total delivered energy was 30–45 kJ/cm2. 600 shots were 

administered to the face. For areas with severe erythema, 
the treatment was resumed once the erythema returned to a 
normal level or slightly red-color, treatment was stopped in 
areas where severe erythema persisted, which is presumed as 
a clinical endpoint. Two dermatologists blindly assessed the 
dermal density of collagen and elastic fibers in the papillary, 
upper reticular, and lower reticular dermis using the ImageJ 
software. The Kruskal–Wallis test was performed to com-
pare the differences in collagen and elastic fiber densities 
between Groups S and L. For statistical tests, significance 
was set at p < 0.05. Data were analyzed using the SPSS soft-
ware (version 23.0; SPSS Inc., Chicago, IL, USA).

Results

There were no significant differences in baseline character-
istics between S and L groups. Mean age was 45.3 ± 16.5 
years in S group and 44.8 ± 16.9 years in L group (p = 0.938). 
The distribution of Fitzpatrick skin types was comparable 
between groups (p = 0.730). Baseline FLR laxity scores 
were also similar, with median scores of 7.0 (IQR, 5.0–8.0) 
and 6.5 (IQR, 5.0–7.8) in S and L groups, respectively 
(p = 0.623) (Table 1).

Collagen and elastic fiber densities in the dermis 
increased after treatment in both groups (Fig. 1). In Group 
S, the respective mean densities of the collagen fibers 
before and after the treatment were as follows: 0.65 and 
0.68 for the papillary dermis, 0.57 and 0.59 for the upper 
reticular dermis, and 0.6 and 0.62 for lower reticular der-
mis, whereas the corresponding values in Group L were 
0.65 and 0.72 (p = 0.0891) for the papillary dermis, 0.54 
and 0.62 for the upper reticular dermis (p = 0.005), and 0.58 

Table 1  Baseline demographic characteristics
Variable CPT 

(n=14)
FLX 
(n=14)

p-value

Age (years), mean ± SD 45.3 ± 
16.5

44.8 ± 
16.9

0.938†

FLR laxity scale, median (IQR) 7.0 
(5.0–8.0)

6.5 
(5.0–7.8)

0.623§

Fitzpatrick skin type, n (%) 0.730‡
  I 0 (0.0) 0 (0.0)
  II 0 (0.0) 0 (0.0)
  III 0 (0.0) 2 (14.3)
  IV 13 (92.9) 11 (78.6)
  V 1 (7.1) 1 (7.1)
  VI 0 (0.0) 0 (0.0)
Data are presented as mean ± standard deviation (SD), median (inter-
quartile range [IQR]), or number (%)
† Welch’s t-test
§ Mann–Whitney U test
‡ Fisher–Freeman–Halton exact test



1 3

Page 3 of 5    150 Lasers in Medical Science          (2026) 41:150 

and 0.65 for the lower reticular dermis (p = 0.0848), respec-
tively. Group L demonstrated higher collagen fiber den-
sities in all dermal layers before and after treatment than 
Group S, with the difference being particularly significant 
in the upper reticular dermis. However, the differences in 
elastic fibers were not significant between the two groups. 
Participants aged 20–39 years in Group L demonstrated 
significantly higher collagen densities in all dermal layers 
before and after treatment than in Group S (Table 2). Simi-
larly, participants in Group L aged 40–59 years had higher 
collagen densities than those in Group S, although the dif-
ference was not significant. However, for participants aged 
60–79 years, collagen densities were higher in the papillary 
dermis in Group S than in Group L, but the difference was 
not significant (Fig. 2).

Discussion

Monopolar RF utilizes electromagnetic waves to generate 
controlled heat within the dermal layers, stimulating col-
lagen synthesis and remodeling while also promoting tis-
sue contraction [9]. Monopolar RF concentrates electrical 

energy close to the electrode tip and penetrates to a depth 
that is about half the electrode’s diameter [10]. The FLX 
tip is larger than the CPT tip, thereby allowing more heat to 
be delivered faster and deeper into the skin and resulting in 
heating the dermal tissue to the subcutaneous fat layer. In the 
monopolar RF treatment, a larger electrode corresponded to 
a greater treatment depth. Thus, Group L absorbed RF more 
deeply than Group S and induced more collagen synthesis, 
which was expected to yield better results. This collagen 
remodeling is thought to induce a significant collagen tight-
ening effect, thereby manifesting as tangible clinical out-
comes, including pore reduction, fine line attenuation, and 
enhanced skin elasticity and laxity [11].

A previous study on facial skin thickness has reported 
that the dermal thickness of the forehead, glabella, zygoma, 
and submandibular skin gradually decreases with age [12, 
13]. Because the dermal layer is relatively thinner in older 
adults, a 3 × 3 cm2 tip (Group S), which concentrates energy 
in a shallower layer, may suit better for delivering energy to 
the dermal layer. A split-face study on monopolar radiofre-
quency rejuvenation demonstrated that smaller tips yielded 
significant improvements in the periorbital, forehead, and 
glabellar regions. Conversely, larger tips were more effective 

Table 2  Differences in collagen fiber density before and after treatment according to age (*p < 0.05)
Papillary dermis Upper reticular dermis Lower reticular dermis

Age (years) CPT FLX CPT FLX CPT FLX
  20–39 0.015 ± 0.09* 0.134 ± 0.08* 0.005 ± 0.11* 0.106 ± 0.07* 0.001 ± 0.1* 0.151 ± 0.08*
  40–59 0.005 ± 0.07 0.04 ± 0.14 0.005 ± 0.72 0.05 ± 0.09 0.009 ± 0.08 0.021 ± 0.07
  60–79 0.058 ± 0.09 0.032 ± 0.08 0.02 ± 0.15 0.096 ± 0.05 0.001 ± 0.19 0.002 ± 0.1
Data are presented as mean ± standard deviation (SD)

Fig. 1  Mean densities of collagen and elastic fibers before and after 
treatment. The densities of collagen and elastic fibers in all dermal lay-
ers increase after treatment in both groups. In the upper reticular der-

mis, the difference in collagen fiber density between before and after 
treatment differed significantly between Groups L and S (*p < 0.05). 
CPT, ; FLX,

 



1 3

  150   Page 4 of 5 Lasers in Medical Science          (2026) 41:150 

for treating nasolabial folds and marionette lines [14]. Sev-
eral recent studies have reported that neocollagenesis begins 
within days posttreatment, with measurable peaks continu-
ing 2 to 6 months after treatment [7].

The limitations of this study included small number 
of participants and the lack of consideration for clinical 
changes.

Overall, the 4 × 4 cm2 tip (Group L) showed a significant 
difference in the upper reticular dermis: patients aged 20–39 
years had a significantly better large-width effect, those 
aged 40–59 years had a better but not significantly large-
width effect, and those aged 60–79 years had a nonsignifi-
cant but better small-width effect in the papillary dermis. In 
conclusion, the 4 × 4 cm2 tip demonstrated a more power-
ful effect, and the 3 × 3 cm2 tip may be a better option for 
patients aged > 60 years.

Abbreviations
CPT	� Comfort Pulse Technology
FLX	� Faster, Algorithm, Experience
RF	� Radiofrequency

Author contributions  Suh.D. and Ahn.H. conceived and designed the 
study. Kim.H. and Lee.S.D. performed the experiments and data col-
lection. Suh.D., Ahn.H., and Song.K. analyzed the data. Shin.M. and 
Lee.S.J. contributed materials and analysis tools. Suh.D. and Ahn.H. 
wrote the main manuscript text. Kim.H. and Lee.S.D. prepared the fig-
ures and tables. All authors reviewed and approved the final manuscript.

Funding  None.

Data availability  No datasets were generated or analysed during the 
current study.

Declarations

Ethic approval  The authors certify that the study was performed in 
accordance with the ethical standards as laid down in the 1964 Dec-
laration of Helsinki and its later amendments or comparable ethical 
standards.

Consent to participate/publish  All study participants provided in-
formed consent.

Competing interests  The authors declare no competing interests.

Open Access   This article is licensed under a Creative Commons 
Attribution-NonCommercial-NoDerivatives 4.0 International License, 
which permits any non-commercial use, sharing, distribution and 
reproduction in any medium or format, as long as you give appropri-
ate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if you modified the licensed 
material. You do not have permission under this licence to share 
adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Cre-
ative Commons licence, unless indicated otherwise in a credit line to 
the material. If material is not included in the article’s Creative Com-
mons licence and your intended use is not permitted by statutory regu-
lation or exceeds the permitted use, you will need to obtain permission 
directly from the copyright holder. To view a copy of this licence, visit 
http:​​​//creativecommo​ns.​o​rg/lice​ns​es​/b​y​-nc-nd/4.0/.

Fig. 2  Histologic samples derived from older adult participants and stained for collagen fibers using Masson’s trichrome; original magnification, 
×40. CPT tip-treated sample exhibits a more significant increase in collagen fiber density after treatment. CPT, ; FLX,
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