
Citation: Seul, T.W.; Park, J.H.; Kim,

J.Y.; Ryu, H.J. Efficacy Assessment of

a Pulsed-Type Bipolar

Radiofrequency Microneedling

Device for Treating Facial Acne

Vulgaris Using a Skin-Color Imaging

System: A Pilot Study. Appl. Sci. 2023,

13, 2114. https://doi.org/10.3390/

app13042114

Academic Editor: Tommaso Lombardi

Received: 2 January 2023

Revised: 1 February 2023

Accepted: 1 February 2023

Published: 7 February 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

applied  
sciences

Article

Efficacy Assessment of a Pulsed-Type Bipolar Radiofrequency
Microneedling Device for Treating Facial Acne Vulgaris Using a
Skin-Color Imaging System: A Pilot Study
Tae Woong Seul 1 , Jong Heon Park 1 , Jae Young Kim 2 and Hwa Jung Ryu 1,*

1 Department of Dermatology, Korea University Ansan Hospital, Ansan-si 15355, Republic of Korea
2 Core Research & Development Center, Korea University Ansan Hospital, Ansan-si 15355, Republic of Korea
* Correspondence: dermhj@korea.ac.kr

Abstract: Facial acne vulgaris with post-inflammatory erythema is one of the most common problems
encountered in dermatologic clinics. It can leave hypertrophic scars and cause psychological problems.
Thus, effective therapeutic interventions are needed. The aim of this study was to evaluate the
efficacy and safety of a pulsed-type bipolar radiofrequency (RF) device for treating acne and post-
inflammatory erythema. Eighteen patients who had been diagnosed with acne underwent three
sessions of bipolar RF treatment at 4 week intervals. Efficacy was assessed based on the number
of acne lesions and the total area of lesions. Acne lesion count and area were determined by color
correction using the Viola–Jones algorithm after converting the photos into a CIELAB image and
extracting the area higher than the erythema threshold from the A* channel. Most patients showed
significant clinical improvement after the treatments. Acne lesion counts of the forehead, left malar,
right malar, and total areas of the left malar and right malar were decreased significantly after sessions
(all p < 0.05). Adverse effects such as pinpoint bleeding and pain were noted. However, they were
transient and not severe enough to stop treatment. Thus, such pulsed-type bipolar radiofrequency
microneedling is a safe and effective treatment for acne and post-inflammatory erythema.
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1. Introduction

Acne vulgaris is one of the most common inflammatory skin disorders, affecting
nearly 85% of adolescents and young adults [1]. The current understanding of acne
pathogenesis is continuously evolving. Key pathogenic factors that play an essential role
in the development of acne are follicular hyperkeratinization, microbial colonization with
Cutibacterium acne (C. acnes), sebum production, and complex inflammatory mechanisms [2].
This disease can leave permanent scars and cause psychological problems, such as poor
self-image, depression, and anxiety.

Various treatment methods are being used in treating acne, ranging from conventional
oral and topical medications to energy-based devices such as a pulsed-dye laser. Increased
resistance to traditional treatment options, combined with undesirable side effects, has
given way to alternative therapies. Some studies showed that the non-invasive methods
(such as hydrogen purification, cosmetic acids, and oxybrasion) reduced skin eruptions
and improved skin parameters. However, dermatological treatment cannot be replaced
by cosmetological treatment [3,4]. Recently, microneedle electrodes have been applied for
many acne vulgaris patients due to their fewer complications and rapid recovery time.

Radiofrequency (RF) devices produce focal thermal damage to the dermis. This fo-
cused energy preserves the epidermis and is associated with fewer complications, fewer
side effects, and a quicker recovery time [5]. A previous study has found that a radiofre-
quency microneedle can cause thermal damage to pilosebaceous glands, although it is
known to be an effective acne and scar treatment [6]. Various parameters, such as the
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number of inflammatory and non-inflammatory acne lesions, the erythema index, and
transepidermal water loss after serial RF treatment, can be adjusted to improve treatment
results [7,8]. However, no study has reported the effectiveness of bipolar RF device treat-
ment using a skin-color imaging system. Kim et al. suggested that the skin-color imaging
system, the NRSS grade (national rosacea society standard), and skin physiological factors
are all highly significantly correlated in rosacea. Hence, the skin-color analysis system
seems helpful in grading the severity of rosacea [9].

Thus, the aim of this study was to investigate the efficacy and safety of non-ablative,
pulsed-type, bipolar radiofrequency microneedles in treating acne vulgaris with a novel
and objective skin-color imaging system.

2. Materials and Methods
2.1. Subjects

A total of eighteen patients with acne vulgaris and post-inflammatory erythema were
enrolled in this study at the Department of Dermatology, Korea University Ansan Hospital,
Ansan, Republic of Korea, between January 2021 and August 2022. The study protocol was
conducted in accordance with the Declaration of Helsinki. The Institutional Review Board
(IRB) of Korea University Ansan Hospital approved this study (IRB no. 2022AS0252). All
participants were informed of the benefits and risks of the procedures. Informed consent
was obtained from each participant before study enrollment.

Exclusion criteria were: (1) patients with a history of keloid and photosensitivity
disorder, (2) those with an active cutaneous infection or active dermatologic diseases,
(3) patients who had been treated with oral retinoids within the last six months, (4) patients
who used supplements or received botulinum toxin or fillers (5) those who received
light or laser treatment within the previous three months, and (6) those with a high
probability of having keloids or immunosuppression. Pregnant or breastfeeding women
were also excluded. However, patients who were taking antibiotics for acne were included
in this study.

2.2. Description of the Device and Study Design

The RF device used in our study was a pulsed-type bipolar radiofrequency with non-
insulated microneedles. The device consisted of a handheld applicator with a disposable
single-use tip (Sylfirm®, Viol, Gyeonggi, Republic of Korea). The 10 × 10 mm disposable
tip comprises 25 non-insulated, minimally invasive microneedle electrodes (5 × 5 in a
uniformly arranged pattern). Pulsed-type RF was delivered at a frequency of 2 MHz.

Before the RF treatment, patients were routinely applied 2.5% topical lidocaine cream
(a eutectic mixture of 2.5% lidocaine HCl and 2.5% prilocaine; Taiguk Pharm Co., Ltd.,
Gyeonggi, Republic of Korea) to the face under occlusion for 30 min. Face water cleansing
was used to remove all cosmetics. The study design is summarized in Figure 1. Patients
were treated on both sides of the malar areas as well as the forehead. Patients were treated
with three sessions at 4 week intervals (3~5 weeks) with the following settings: a penetra-
tion depth of 1.5 mm along the cheeks, nose, chin, and forehead, with <10% overlap for
1–2 passes. The energy level was set to power 3. The use of a non-comedogenic moistur-
izer several times daily for a few days after each treatment session was recommended in
order to promote wound healing and prevent dryness. Patients were instructed to avoid
overexposure to sunlight and to apply a broad-spectrum sunscreen after the post-therapy
crusting subsided.
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umented at each visit, including baseline and final visits. To accurately measure each pa-
tient’s condition, the image was measured after resting for about 20 min at a constant 
temperature and humidity. A coefficient matrix was then obtained using SpyderCUBE® 
and SpyderChecker® for correction of white balance, exposure color (including redness), 
and black and white values. Color correction was performed by applying the coefficient 
matrix to the RGB image. After color correction, the face region was extracted using the 
Viola–Jones algorithm. In addition, the face region was separated into the forehead, left 
cheek, and right cheek areas. These divided face region images were converted into 
CIELAB images. 

We set the following two variables to evaluate how much the erythema of acne and acne 
scars were improved by the radiofrequency microneedle device: the number of lesions exceed-
ing the erythema threshold (NET) and the summation of the area exceeding the erythema 
threshold (pixel %). Many color channel transformations, including the gray channel, the blue-
red difference channel, and the A* channel, were tested to assess the severity of erythema. 

Among them, smoothness using the A* channel was used in this study to maximize 
the description of color difference. We performed pixel counts for the area higher than the 
threshold-specific value from A* channel images to obtain the NET of the area classified 
as a lesion from the entire region. After that, a summation of those areas was also obtained. 
Figure 2 shows the above process sequentially. 
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Figure 1. Study design and visit flowchart.

2.3. Evaluation

Clinical assessment and photographs (EOS 80D; Canon KK, Tokyo, Japan) were doc-
umented at each visit, including baseline and final visits. To accurately measure each
patient’s condition, the image was measured after resting for about 20 min at a constant
temperature and humidity. A coefficient matrix was then obtained using SpyderCUBE®

and SpyderChecker® for correction of white balance, exposure color (including redness),
and black and white values. Color correction was performed by applying the coefficient
matrix to the RGB image. After color correction, the face region was extracted using
the Viola–Jones algorithm. In addition, the face region was separated into the forehead,
left cheek, and right cheek areas. These divided face region images were converted into
CIELAB images.

We set the following two variables to evaluate how much the erythema of acne and
acne scars were improved by the radiofrequency microneedle device: the number of lesions
exceeding the erythema threshold (NET) and the summation of the area exceeding the
erythema threshold (pixel %). Many color channel transformations, including the gray
channel, the blue-red difference channel, and the A* channel, were tested to assess the
severity of erythema.

Among them, smoothness using the A* channel was used in this study to maximize
the description of color difference. We performed pixel counts for the area higher than the
threshold-specific value from A* channel images to obtain the NET of the area classified as
a lesion from the entire region. After that, a summation of those areas was also obtained.
Figure 2 shows the above process sequentially.
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erythema value from A* channel images to evaluate the number of lesions exceeding the erythema 
threshold (NET) and the summation of the area exceeding the erythema threshold (pixel %). 
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Figure 2. Evaluation of the number of lesions exceeding the erythema threshold (NET) and sum-
mation of the area exceeding the erythema threshold (Pixel %) using a skin color analysis system.
(a) SpyderCUBE® and SpyderChkecker® for correction of white balance, exposure color, and black
and white values. (b) Facial region extraction with the Viola–Jones algorithm before (c) and after (d)
converting into a CIELAB image. (e) A* channel images. (f,g) Area higher than the threshold-specific
erythema value from A* channel images to evaluate the number of lesions exceeding the erythema
threshold (NET) and the summation of the area exceeding the erythema threshold (pixel %).

2.4. Safety Assessment

The treatment site was visually inspected at each visit. Patients were questioned about
treatment-related adverse events such as pain, tingling, bruising, edema, and/or irritation.
All recorded side effects were reassessed at each session.

2.5. Statistical Analysis

All statistical analyses were performed using SPSS version 25 statistical software. A
repeated ANOVA (analysis of variance) was used to compare whether variables changed
over time. This analysis was limited to time variables with no control. Additionally, the
Mann–Whitney U test was used to evaluate differences in NET and Pixel % between
adjacent visits. A probability of less than 0.05 was considered statistically significant.

3. Results

The demographic and clinical data of all patients are summarized in Table 1. A total of
18 acne patients were enrolled in this study. Among them, ten patients were male and eight
patients were female. Their mean age was 22.7 years. All patients were between 16 and
35 years old. All 18 patients completed this study. Five patients were taking oral antibiotics
for acne: doxycycline and minocycline. There were no patients who had been treated with
systemic retinoids and had a high probability of becoming pregnant or a propensity for
keloids or immunosuppression.
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Table 1. Demographic data of acne vulgaris patients.

Patient Information No (%)

Sex, n (%)
Male 10 (55.6%)
Female 8 (44.4%)

Age (years) Mean age 22.7 (16–35)
11–20 6 (33.3%)
21–30 11 (61.1%)
31–40 1 (5.6%)

Oral Medication 5 (27.8%)

Total 18

Tables 2 and 3 summarize the clinical results. Almost all patients experienced decreases
in the number and area of lesions. The mean number of NET (the number of lesions
exceeding the erythema threshold) was significantly decreased from the first visit to the
final visit (forehead, p = 0.039; left malar, p = 0.031; and right malar, p = 0.012). The
mean number of Pixels % (summation of the area exceeding the erythema threshold) was
significantly decreased from the first visit to the final visit for the left malar (p = 0.007)
and the right malar (p = 0.002), but not for the forehead (p = 0.181). The forehead Pixel %
showed no statistically significant difference after treatment.

Table 2. Mean NET (number of lesions exceeding the erythema threshold) and Pixel % (summation
of the area exceeding the erythema threshold) of acne vulgaris patients at each visit.

Area V1 V2 V3 V4

NET (number of lesions exceeding the erythema threshold) p-value

Forehead 1.83 0.33 0.11 0.33 0.039
Left malar 49.72 26.61 14.94 17.83 0.031
Right malar 49.00 24.50 12.00 15.44 0.012

Pixel % (summation of the area exceeding the erythema
threshold) p-value

Forehead 0.0623 0.0203 0.0039 0.0053 0.181
Left malar 1.1191 0.5532 0.2639 0.3041 0.007
Right malar 1.5382 0.7496 0.3476 0.3186 0.002

Table 3. Median and IQR (interquartile range) of NET (number of lesions exceeding the erythema
threshold) and Pixel % (summation of the area exceeding the erythema threshold) of acne vulgaris
patients at each visit, suggested [median, IQR].

Area V1 V2 V3 V4

NET (number of lesions exceeding the erythema threshold)

Forehead [1, 2.75] [0, 0] [0, 0] [0, 0]
Left malar [28.5, 66.5] [10.5, 26.75] [9, 18.75] [1.5, 7.25]
Right malar [24.5, 74.25] [9.5, 30.5] [5, 12.75] [2, 5.25]

Pixel % (summation of the area exceeding the erythema threshold)

Forehead [0.002, 0.028] [0, 0] [0, 0] [0, 0]
Left malar [0.52, 1.824] [0.335, 0.916] [0.12, 0.452] [0.016, 0.285]
Right malar [0.714, 2.823] [0.279, 0.874] [0.055, 0.226] [0.012, 0.078]

Additionally, a comparison was conducted between adjacent visits. Tables 4 and 5
summarize the clinical results. NET (number of lesions exceeding the erythema threshold)
on the forehead was significantly different between visits 1 and 2 (p = 0.015). Pixel %
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(summation of the area exceeding the erythema threshold) on the forehead was significantly
different between visits 1 and 2 (p = 0.042). Pixel % on the right malar area was significantly
different between visits 1 and 2 and between visits 2 and 3. No statistical significance was
found between other visits. Figure 3 shows the changing severity of erythema according to
treatment. These results are summarized in Tables 4 and 5.

Table 4. Mean difference of NET (number of lesions exceeding the erythema threshold) between
adjacent visits.

NET Inter-Visit Mean Difference p-Value

Area_Forehead V1-V2 1.50 0.015
V2-V3 0.22 0.563
V3-V4 −0.22 0.329

Area_Left malar V1-V2 23.11 0.133
V2-V3 11.67 0.526
V3-V4 −2.89 0.063

Area_Right malar V1-V2 24.25 0.117
V2-V3 12.5 0.109
V3-V4 −3.44 0.150

Table 5. Mean difference of pixel % (summation of the area exceeding the erythema threshold)
between adjacent visits.

Pixel % Inter-Visit Mean Difference p-Value

Area_Forehead V1-V2 0.0419 0.042
V2-V3 0.0165 0.961
V3-V4 −0.001 0.664

Area_Left malar V1-V2 0.5659 0.169
V2-V3 0.2893 0.296
V3-V4 −0.0402 0.113

Area_Right malar V1-V2 0.7887 0.005
V2-V3 0.4019 0.041
V3-V4 0.0290 0.131
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The side effects, such as transient pain, tingling sensations, and erythema, were re-
ported after the treatment. However, these symptoms were mild and temporary and
improved within one or two days. Other treatment-related adverse effects, such as hy-
perpigmentation, bruises, purpura, or infection, were not observed. During RF treatment
and after the final treatment, temporary aggravation of acne vulgaris or folliculitis was not
found. The results mentioned above are summarized in Figure 3. The patient’s clinical
symptom improvement is shown in Figure 4.
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4. Discussion

Acne is a multifactorial inflammatory disease affecting pilosebaceous follicles of the
skin. Acne may leave post-inflammatory hyperpigmentation, post-inflammatory erythema,
and scars with a textural change. Post-inflammatory erythema is common after acne
inflammation. It is cosmetically unacceptable without adequate treatment [10]. Post-
inflammatory erythema is considered a low-grade scar, not a superficial erythematous or
vascular lesion [11].

RF devices have been used to treat acne vulgaris and post-inflammatory erythema.
They have a minimal post-treatment recovery time and a high safety profile, especially for
darker skin types [12]. Non-ablative RF needles can cause thermal damage to sebaceous
glands. They can help treat acne by lowering sebum excretion, and several studies have
found a quantitative relationship between sebum production and acne. [13]. Ruiz-Esparza
et al. have treated 22 acne patients with a non-ablative RF device that could deliver RF
energy at 6 MHz [14]. They showed a 75% or better diminution of active acne lesion counts
in 82% of their patients.

Unlike monopolar RF, bipolar RF affects only the microneedle radiofrequency zone,
allowing surrounding tissues to accelerate the wound healing process, which can result
in a shorter recovery time [8]. A bipolar configuration provides a more controlled energy
distribution and less pain than a monopolar RF. Moreover, newly developed pulsed-type
RF differs from conventional continuous-type RF in that it transmits energy at very close
intervals, thereby providing sufficient energy with less damage [15]. One study has demon-
strated dramatic improvements in post-inflammatory erythema according to investigators’
and patients’ subjective assessments when using a bipolar pulsed RF device [8]. Ad-
ditionally, after pulsed-type RF, in vivo mouse model histological specimens exhibited
coagulation columns of thermal injury around each microneedle electrode in the dermis
without noticeable tissue injury in the epidermis [16].

The first mechanism of bipolar pulsed RF for treating erythema is to create coagulation
columns, a water-drop-shaped oval zone of thermal injury, at the tip of each electrode [16].
The electric current generates heat as it travels through the skin and meets tissue resistance.
This heat causes collagen shrinkage and coagulation columns. Partial collagen denaturation
occurs due to this heating, leading to collagen contraction and thickening, which can
trigger neo-collagenosis and remodeling. Bipolar RF can not only cause dermal collagen
remodeling but can also cause CD31-positive blood vessels to collapse and shrink in size
due to coagulation [15]. Small, collapsed, slit-like CD31-positive blood vessels were noted
throughout the dermis [15]. It could be one of the reasons why bipolar pulsed RF could
reduce post-inflammatory erythema after acne.

The second mechanism of bipolar pulsed RF improving erythema is associated with
the downregulation of VEGF-A (vascular endothelial growth factor-A). Several studies
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have suggested that post-inflammatory erythema due to acne is related to VEGF-mediated
angiogenesis and lymphangiogenesis [17]. NF-kB, which activates IL-8 and VEGF expres-
sion, is chronically active in inflammatory diseases, including acne [10]. Histologically,
IL-8, NF-κB, and VEGF staining intensity reductions are also observed eight weeks after
the second session of RF treatment [10]. In other studies, downregulation of VEGF-A
mRNA expression has been found in specimens from RF treatment groups compared
with untreated control skin samples [15]. Additionally, Western blot analyses revealed
gradual downexpression of the VEGF protein after treatment that was suppressed over the
following 14 days in the RF treatment group, compared with untreated control skin [15].

In this study, pulsed-type bipolar RF microneedling devices decreased NET (number of
lesions exceeding the erythema threshold) and pixel % (summation of the area exceeding the
erythema threshold) when comparing each visit to the last visit. Previous studies have only
performed subjective evaluations of erythema or only evaluated local erythema indexes [8].
However, in this study, the exact severity of erythema was evaluated after correcting the
brightness, depth, and color of the entire photo of a patient’s face using a skin analysis
system. After that, we accurately obtained erythema lesions using CIELAB. Observed
clinical improvement in the present study was consistent with previous studies [8–10].

We set two variables: the number of lesions exceeding the erythema threshold (NET)
and the summation of the area exceeding the erythema threshold (pixel %). In rosacea, the
erythema of the entire face is important, but post-inflammatory erythema related to acne
usually appears sparsely. Therefore, analyzing lesions above a certain threshold of redness
was necessary. Using CIELAB, the number of red lesions exceeding a certain threshold and
the sum of the total area were set as disease severity.

This study showed that a bipolar pulsed RF treatment could significantly reduce the
number and area of acne and erythematous lesions. The mean number of NET (the number
of lesions exceeding the erythema threshold) at three sites (the forehead, left malar, and
right malar) was significantly decreased after the treatments. It indicates that the number
of acne and acne scars has decreased. Additionally, Pixel % (the summation of the area
exceeding the erythema threshold) was significantly decreased in two sites (left malar and
right malar). It means the area affected by acne has improved. Although the area index on
the forehead did not significantly improve, it might be due to obstacles such as hair while
taking photos.

In this paper, to evaluate each aspect in more detail, our analysis compared adjacent
visits. Significant differences were confirmed between visits one and two at three parts
(NET of the forehead, pixel % of the forehead, and pixel % of the right malar), and between
visits two and three at one part (right malar). According to this result, treatment response
is significant in the early phase. This clinical improvement is consistent with the previous
study [8].

Adverse effects such as pinpoint bleeding and pain were noted. However, they were
transient and not severe enough to stop treatment. Other treatment-related adverse effects,
such as hyperpigmentation, bruises, purpura, or infections, were not observed.

Our study has several limitations. First, it was a single-centered retrospective design.
There may be selection bias because of the single-centered design and the small number of
patients included. Second, since this study does not include a control group, the analysis
was conducted only in time-variables without control in a repeated ANOVA (analysis
of variance). Additionally, patients taking oral medications such as doxycycline and
minocycline were included in this study. A multi-centered study with more patients and
more control, including oral medications, might be needed.

5. Conclusions

Our study conclusion indicates that treatment with a bipolar pulsed RF device could
be effective and safe for treating facial erythema in acne vulgaris. This was objectively
demonstrated using the skin color analysis system and CIELAB. Herein, via a skin color
analysis system, we found pulsed-type bipolar non-insulated microneedle RF treatment to
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be safe and effective in treating acne lesions and scars in Korean patients. This treatment
modality can be another choice for patients who take only oral medication or pulsed dye
laser for acne and scars. Additionally, the skin color analysis system and CIELAB are
helpful for grading the severity of acne and post-inflammatory erythema, so those can be
objective assessment tools in follow-up studies.
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