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1  |  INTRODUC TION

Over the past years, notable advancements in the development 
of laser and energy- based devices have greatly influenced aes-
thetic dermatology. Radiofrequency (RF) technology, particularly 

monopolar RF, has become crucial for skin rejuvenation due to its 
efficacy, minimal side effects, and short downtime. Monopolar RF 
therapy delivers heat evenly to the dermal layers, promoting im-
mediate collagen structure changes, leading to skin tightening and 
firming. Over time, the new collagen bundles are remodeled and 
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Abstract
Background: Noninvasive monopolar radiofrequency (NMRF) is widely used for der-
mal and subdermal volumetric heating, yet detailed research on its effects on dermal 
temperature is scarce.
Aims: This study evaluates the impact of NMRF on dermal temperature and its poten-
tial for dermal remodeling using a porcine model.
Methods: Noninvasive monopolar radiofrequency was applied to porcine skin with 
temperature monitoring via optic fiber technology and forward- looking infrared ther-
mal imaging. Safety was evaluated using nitro blue tetrazolium chloride assessments, 
and effectiveness was determined through histological examinations before and after 
treatment.
Results: Noninvasive monopolar radiofrequency treatment in a porcine model 
achieved effective dermal remodeling with no thermal damage, recording peak tem-
peratures of 50°C, 60°C, and 70°C. Histological analysis showed increased collagen 
density, indicating successful tissue remodeling.
Conclusion: Noninvasive monopolar radiofrequency is effective in delivering con-
trolled dermal heating and enhancing collagen synthesis, promoting safe and efficient 
skin tightening and dermal remodeling in a porcine model. It presents a viable option 
for skin rejuvenation therapies.
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reoriented, enhancing this firming effect with tight arrangement of 
collagen that can continue for months after treatment.1,2

The first monopolar RF device received FDA approval in 2002 
for treating facial wrinkles.3,4 Subsequent studies confirmed its 
safety and efficacy, resulting in FDA approval for additional uses, 
including nonsurgical skin tightening, treatment of lower facial laxity, 
scar treatment, and body contouring.5–7

Unlike selective photothermolysis, which targets specific skin 
chromophores, RF devices generate heat through tissue impedance, 
converting electrical current to thermal energy based on the tissue's 
properties. Optimal thermal effects in the dermal region are crucial 
for effective monopolar RF therapy. Research indicates collagen re-
modeling occurs between 42°C and 65°C, and lipolysis and sculpting 
between 65°C and 70°C, with nerve damage risk at temperatures 
around 85°C.8 Despite extensive research, detailed measurements 
of dermal tissue temperatures and their effects remain limited, es-
pecially for monopolar RF. Our study investigates the temperature 
dynamics induced by monopolar RF in the dermal region, assessing 
changes in collagen and overall tissue response. We also evaluate 
safety parameters associated with the thermal effects of monopolar 
RF to ensure its effective and safe clinical application. This research 

aims to provide deeper insights into the mechanisms by which mo-
nopolar RF rejuvenates the skin.

2  |  MATERIAL S AND METHODS

2.1  |  Devices and experimental design

An XERF system (Cynosure Lutronic Inc.), a device based on nonin-
vasive monopolar RF technology engineered to deliver heat to the 
dermis and beyond while employing a cooling system to protect the 
epidermis, was used in this study. Standard female pigs (Sus scrofa), 
aged 2–3 months and weighing between 24 and 28 kg, were used as 
the experimental subjects. Noninvasive monopolar radiofrequency 
(NMRF) treatments were applied to the dorsal surface of the ani-
mals. The study adhered to institutional guidelines for standard 
operating procedures, providing the animals with environmental en-
richment and veterinary oversight. The Institutional Animal Care and 
Use Committee (IACUC) of CRONEX Corporation approved all ex-
perimental protocols under authorization number CRONEX- IACUC: 
202305004.

F I G U R E  1  Performance evaluation 
of dermal temperature and ultrasound 
measurement for noninvasive monopolar 
radiofrequency (NMRF) treatment. These 
images depict the methodology used to 
assess the safety and effectiveness of the 
NMRF device, through preclinical testing 
on a pig model. The process included 
several key steps: (A) inserting a fiber 
optic sensor to measure temperature in 
the dermal region, (B) using ultrasound to 
confirm the sensor's correct placement 
at the appropriate dermal depth, and 
(C) conducting the NMRF treatment. 
This sequence was critical for collecting 
precise data on the device's ability to 
maintain controlled temperatures.

(A)

(B)

(C)

Inserting a fiber optic sensor 

Confirmation the sensor’s placement using Ultrasound

NMRF treatment
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2.2  |  Histopathological analysis

Paired 8- mm punch biopsy specimens were collected from the test 
area. Histology evaluations were conducted at baseline and 30 days 
post- treatment with Masson's trichrome (MT) stain or nitro blue 
tetrazolium chloride (NBTC) stain. Samples were fixed in 4% para-
formaldehyde for 24 h, paraffin- embedded, and sectioned at 5 μm. 
Sections were stained with MT to identify collagen fibers and with 
NBTC to assess cellular viability and analyzed using an Olympus 
DP72 camera and image analysis software.

2.3  |  Temperature evaluation in the dermis

We evaluated the temperature changes within the dermal layer 
upon exposure to NMRF energy with a Fiber Optic Thermometer 
(FOB100; OMEGA Engineering Inc., USA) (Figure S1A). To accurately 
measure the temperature within the dermis, a fiber optic tempera-
ture sensor probe was inserted into the target skin area prior to RF 
application (Figure 1A). Subsequently, the placement of the temper-
ature sensor within the dermal layer was verified using an ultrasonic 
diagnostic device (SonoMe, Bionet, Jane 21–4698), ensuring it was 
positioned correctly by examining the depth of insertion (Figure 1B). 
Following the establishment of output parameters, NMRF energy 
was applied, and dermal temperature measurements were con-
ducted with the fiber optic thermometer (Figure 1C).

2.4  |  Surface temperature measurement

The objective of this experiment was to confirm that the device 
maintains a safe operational temperature, ensuring that it does not 
exceed the threshold that might cause thermal damage to the skin 
surface. To accurately monitor the surface temperature through-
out the procedure, we used an infrared thermal imaging camera 
(Forward Looking infrared [FLIR] A325, FLIR System Inc., Sweden). 
This camera is known for its precision in detecting and recording 
subtle variations in surface temperature. Measurements were taken 
continuously during the treatment to ensure that the temperature 
did not exceed 43°C, thereby verifying the device's safety under op-
erational conditions.

3  |  RESULTS

3.1  |  Real- time thermal changes in porcine dermis

Using the optical fiber thermometer, we monitored dermal tempera-
ture in real time. We observed that the dermal temperature quickly 
reached a peak of 50°C at low energy settings, 60°C at medium 
energy settings, and then gradually declined. At high energy set-
tings, the temperature rose to about 70°C before slowly decreasing 
(Figure 2A). Ultrasound imaging verified the placement of the fiber 
optic sensor within the dermis (Figure 2B). Based on these results, 

F I G U R E  2  Deep tissue temperature 
measurements and ultrasound- guided 
fiber placement. (A) Real- time dermal 
temperature monitoring: This panel 
displays a graphical representation of 
dermal temperature variations under 
different energy levels. The temperature 
of the dermal region was confirmed to 
reach 50°C after low- energy treatment, 
60°C after medium- energy treatment, and 
70°C following high- energy treatment. 
Red arrowheads indicate the time points 
at the start of NMRF treatment. (B) It 
includes ultrasound images to verify the 
precise placement of thermal fibers in 
the dermis. Red arrowheads indicate the 
locations where the thermal fibers are 
inserted.
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we confirmed that temperatures capable of inducing tissue changes 
were effectively transmitted to the dermal region.

3.2  |  In vivo skin surface temperature changes and 
evaluation of histological changes

We confirmed that the heat energy generated was transferred from 
the skin surface to the dermal region, selectively maintaining a tem-
perature range of 50–60°C, which is the ideal range for collagen re-
structuring, fibroblast activation, and subsequent remodeling. When 
delivering heat to the dermis, it is essential to keep skin surface tem-
peratures below 42–45°C to avoid thermal damage to the epider-
mis.9 A previous study noted that when heating of the dermis occurs 
from 65°C to 75°C at a depth from 3 to 6 mm, it is necessary to cool 
the epidermis to maintain temperatures between 35°C and 45°C.10 
Forward Looking infrared imaging was used experimentally to con-
firm that the surface temperatures remained stable while the dermal 
temperatures were within 50–70°C (Figure 3A). Measurements indi-
cated that skin surface temperatures did not exceed 42–45°C under 

test conditions for each group (Figure 3B). In 30 days post- NMRF 
treatment, a thermal damage assessment was conducted. Nitro blue 
tetrazolium chloride- stained histological sections of porcine skin 
showed no thermal damage to the dermis or epidermis (Figure 3C), 
confirming that NMRF generated temperatures that did not cause 
thermal damage to the skin surface.

3.3  |  Histological change measurement for efficacy 
evaluation

Numerous studies have shown that NMRF can tighten skin through 
controlled contraction of dermal collagen and neocollagenesis, 
without disrupting the epidermis.11–13 To evaluate whether NMRF's 
precise temperature delivery could induce tissue changes, including 
neocollagenesis, we conducted a skin histopathological examination 
using MT staining. Thirty days posttreatment, an increase in collagen 
thickness and density within the tissue, was observed, confirming 
that NMRF effectively delivered the necessary temperatures neo-
collagenesis, followed by tissue remodeling (Figure 4).

F I G U R E  3  Skin surface temperature 
monitoring and nitro blue tetrazolium 
chloride (NBTC) staining for tissue health 
posttreatment. (A) This image illustrates 
the methodology for assessing skin 
surface temperature using a thermal 
imaging camera, which captures detailed 
thermal images and temperature data. (B) 
Thermal imaging photos depicting surface 
skin temperature before and immediately 
after posttreatment with the noninvasive 
monopolar radiofrequency device. 
Temperatures remained below 43°C 
across all tested parameters. (C) NBTC 
staining results indicating healthy tissue 
status 1- month posttreatment. The panels 
demonstrate significant maintenance 
of healthy tissue architecture, which 
supports the conclusion that the treated 
areas have retained their structural 
integrity.
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4  |  DISCUSSION

Our study highlights significant advancements in using NMRF for 
dermal remodeling with a porcine model. In addition to NMRF, other 
techniques such as fractional laser therapy, which targets micro-
zones in the skin; microneedling, which creates microinjuries to en-
hance collagen production; and high- intensity focused ultrasound, 
which heats deeper skin layers, also promote skin remodeling and 
neocollagenesis. While each method has its distinct benefits, NMRF 
is particularly notable for its ability to uniformly distribute heat, en-
suring efficient skin rejuvenation with minimal downtime and ad-
verse effects. Moreover, NMRF has been validated for safety and 
efficiency through various studies, leading to multiple FDA approv-
als.14–16 However, detailed analysis of internal tissue temperatures 
and their effects on the dermis, particularly with monopolar RF, has 
been lacking.

In this study, the use of a fiber optic thermometer accurately 
placed through ultrasound imaging enabled monitoring of the ef-
fects induced by NMRF, providing accurate measurements of the 
actual temperature ranges critical for effective tissue remodeling 
without causing thermal damage. Maintaining subdermal tempera-
tures between 50°C, 60°C, and 70°C during treatment, along with 
verifying tissue integrity, demonstrated the safety and efficacy of 
our NMRF system. Histological analysis showed increased collagen 
density and thickness, indicating successful neocollagenesis, fol-
lowed by tissue remodeling.

Our investigation addresses the gap in existing research by 
providing detailed measurements of internal tissue temperatures 
and their effects on the dermis. This study validates the estab-
lished therapeutic windows for effective RF treatments and en-
hances our understanding of thermal dynamics in tissue. While 
these are significant strengths, there is still a need for a com-
prehensive evaluation of temperatures across various skin layers 
in future studies. Particularly, as many studies mention the po-
tential for NMRF to transfer heat to the subcutaneous layer,1,17 
it is crucial to integrate temperature measurements across the 

epidermis, dermis, and subcutaneous regions for a more complete 
understanding.

In conclusion, our study demonstrates that our NMRF system 
can deliver precise temperatures to induce tissue changes in the der-
mal region while protecting the skin surface. Our findings show this 
method effectively stimulates neocollagenesis, offering a compre-
hensive approach to skin rejuvenation and structural remodeling in 
aesthetic dermatology.

AUTHOR CONTRIBUTIONS
Chidae Park, Jumi Hong, and Soo il Chun designed the study. Chidae 
Park, Jumi Hong, Hye Guk Ryu, Seokhong Kim, Jinyoung Kim, and 
Kyung Kim performed the experiments. Chidae Park, Jumi Hong, 
Hye Guk Ryu, Jongah Won, Jungmi Lee, and Soo il Chun depict 
the picture in the article. Chidae Park, Jumi Hong, Hye Guk Ryu, 
Jongah Won, Jungmi Lee, and Seokhong Kim analyzed the data and 
wrote the manuscript. All authors approved the manuscript.

ACKNOWLEDG MENTS
We thank Dr. R. Glen Calderhead for his review and revision of this 
manuscript.

FUNDING INFORMATION
The author received no financial support for the research, author-
ship, and publication of this article.

CONFLIC T OF INTERE S T S TATEMENT
The authors have declared that no competing interest exists.

DATA AVAIL ABILIT Y S TATEMENT
The data that support the findings of this study are available from 
the corresponding author upon reasonable request.

E THIC S S TATEMENT
All experimental procedures were in accordance with the guide-
lines of Laboratory Animal Manual of National Institute of Health 

F I G U R E  4  Collagen remodeling assessment following noninvasive monopolar radiofrequency (NMRF) treatment. Masson's trichrome 
stain used to evaluate the efficacy of the NMRF treatment in inducing significant changes in tissue structure, specifically collagen 
remodeling in the dermis 30 days posttreatment. Our observations confirmed that beyond merely achieving the desired temperature, the 
treatment facilitated a denser and thicker arrangement of collagen bundles. This transformation is crucial as it highlights the ultimate goal of 
the NMRF treatment: To induce beneficial changes in tissue structure, confirming its impact on the dermal matrix.
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Guide for the Care and Use of Animals. They were approved by 
the Institutional Animal Care and Use Committee of CRONEX 
Corporation (No. CRONEX- IACUC: 202305004).

R E FE R E N C E S
 1. Bogle MA, Ubelhoer N, Weiss RA, Mayoral F, Kaminer MS. 

Evaluation of the multiple pass, low fluence algorithm for ra-
diofrequency tightening of the lower face. Lasers Surg Med. 
2007;39(3):210-217. doi:10.1002/lsm.20472

 2. Wanitphakdeedecha R, Yogya Y, Yan C, et al. Efficacy and safety 
of monopolar radiofrequency for treatment of lower facial laxity 
in Asians. Dermatol Ther. 2022;12(11):2563-2573. doi:10.1007/
s13555- 022- 00817- 8

 3. Fitzpatrick R, Geronemus R, Goldberg D, Kaminer M, Kilmer S, 
Ruiz- Esparza J. Multicenter study of noninvasive radiofrequency 
for periorbital tissue tightening. Lasers Surg Med. 2003;33(4):232-
242. doi:10.1002/lsm.10225

 4. Hsu TS, Kaminer MS. The use of nonablative radiofrequency tech-
nology to tighten the lower face and neck. Semin Cutan Med Surg. 
2003;22(2):115-123. doi:10.1053/sder.2003.50011

 5. Meshkinpour A, Ghasri P, Pope K, et al. Treatment of hypertrophic 
scars and keloids with a radiofrequency device: a study of colla-
gen effects. Lasers Surg Med. 2005;37(5):343-349. doi:10.1002/
lsm.20268

 6. Anolik R, Chapas AM, Brightman LA, Geronemus RG. 
Radiofrequency devices for body shaping: a review and study of 12 
patients. Semin Cutan Med Surg. 2009;28(4):236-243. doi:10.1016/j.
sder.2009.11.003

 7. Manuskiatti W, Wongdama S, Viriyaskultorn N, Li JB, Kulthanan K, 
Techapichetvanich T. Long- term efficacy and safety of nonablative 
monopolar radiofrequency in the treatment of moderate to severe 
acne vulgaris. Lasers Surg Med. 2024;56(2):133-141. doi:10.1002/
lsm.23757

 8. Kinney BM, Andriessen A, DiBernardo BE, et al. Use of a controlled 
subdermal radio frequency thermistor for treating the aging neck: 
consensus recommendations. J Cosmet Laser Ther. 2017;19(8):444-
450. doi:10.1080/14764172.2017.1343952

 9. Weiner SF. Radiofrequency microneedling: overview of technol-
ogy, advantages, differences in devices, studies, and indications. 
Facial Plast Surg Clin North Am. 2019;27(3):291-303. doi:10.1016/j.
fsc.2019.03.002

 10. Levy AS, Grant RT, Rothaus KO. Radiofrequency physics for min-
imally invasive aesthetic surgery. Clin Plast Surg. 2016;43(3):551-
556. doi:10.1016/j.cps.2016.03.013

 11. Hong J, Ryu HG, Park C, et al. Efficacy of dual- frequency noninvasive 
monopolar radiofrequency in skin tightening: histological evidence. 
Skin Res Technol. 2024;30(6):e13821. doi:10.1111/srt.13821

 12. El- Domyati M, El- Ammawi TS, Medhat W, et al. Radiofrequency 
facial rejuvenation: evidence- based effect. J Am Acad Dermatol. 
2011;64(3):524-535. doi:10.1016/j.jaad.2010.06.045

 13. Zelickson BD, Kist D, Bernstein E, et al. Histological and ultra-
structural evaluation of the effects of a radiofrequency- based 
nonablative dermal remodeling device: a pilot study. Arch Dermatol. 
2004;140(2):204-209. doi:10.1001/archderm.140.2.204

 14. Yang YS, Kim DH, Ha JH, et al. A Split- face study on rejuvenation 
efficacy according to monopolar radiofrequency tip size. J Clin 
Aesthet Dermatol. 2024;17(2):20-22.

 15. Kim J. Evaluating the efficacy of continuous water- cooling 115- 
watt 6.78- MHz monopolar RF therapy for fine wrinkle reduction. 
Plast Reconstr Surg Glob Open. 2024;12(2):e5623. doi:10.1097/
GOX.0000000000005623

 16. Hwang Y, Arayaskul S, Vachiramon V, Yi KH. Subjective evaluation 
of monopolar radiofrequency treatment by patients in aesthetic 
rejuvenation. Skin Res Technol. 2024;30(2):e13593. doi:10.1111/
srt.13593

 17. Franco W, Kothare A, Ronan SJ, Grekin RC, McCalmont TH. 
Hyperthermic injury to adipocyte cells by selective heating of sub-
cutaneous fat with a novel radiofrequency device: feasibility stud-
ies. Lasers Surg Med. 2010;42(5):361-370. doi:10.1002/lsm.20925

SUPPORTING INFORMATION
Additional supporting information can be found online in the 
Supporting Information section at the end of this article.

How to cite this article: Park C, Hong J, Ryu HG, et al. 
Monopolar radiofrequency for dermal temperature 
regulation and remodeling: A porcine model study. J Cosmet 
Dermatol. 2024;00:1-6. doi:10.1111/jocd.16495

 14732165, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jocd.16495 by H

ye G
uk R

yu - South K
orea N

ational Provision , W
iley O

nline L
ibrary on [25/07/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org//10.1002/lsm.20472
https://doi.org//10.1007/s13555-022-00817-8
https://doi.org//10.1007/s13555-022-00817-8
https://doi.org//10.1002/lsm.10225
https://doi.org//10.1053/sder.2003.50011
https://doi.org//10.1002/lsm.20268
https://doi.org//10.1002/lsm.20268
https://doi.org//10.1016/j.sder.2009.11.003
https://doi.org//10.1016/j.sder.2009.11.003
https://doi.org//10.1002/lsm.23757
https://doi.org//10.1002/lsm.23757
https://doi.org//10.1080/14764172.2017.1343952
https://doi.org//10.1016/j.fsc.2019.03.002
https://doi.org//10.1016/j.fsc.2019.03.002
https://doi.org//10.1016/j.cps.2016.03.013
https://doi.org//10.1111/srt.13821
https://doi.org//10.1016/j.jaad.2010.06.045
https://doi.org//10.1001/archderm.140.2.204
https://doi.org//10.1097/GOX.0000000000005623
https://doi.org//10.1097/GOX.0000000000005623
https://doi.org//10.1111/srt.13593
https://doi.org//10.1111/srt.13593
https://doi.org//10.1002/lsm.20925
https://doi.org/10.1111/jocd.16495

	Monopolar radiofrequency for dermal temperature regulation and remodeling: A porcine model study
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Devices and experimental design
	2.2|Histopathological analysis
	2.3|Temperature evaluation in the dermis
	2.4|Surface temperature measurement

	3|RESULTS
	3.1|Real-time thermal changes in porcine dermis
	3.2|In vivo skin surface temperature changes and evaluation of histological changes
	3.3|Histological change measurement for efficacy evaluation

	4|DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	ETHICS STATEMENT
	REFERENCES


