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ABSTRACT

Background: Treatment of periorbital wrinkles is a challenging task because of its anatomical significance

and delicate nature.
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Objective: The aim of this study was to evaluate the efficacy and safety of a microneedle monopolar

radiofrequency (RF) device for treating periorbital wrinkles.
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Methods and Materials: This retrospective study involved 21 patients who were treated for periorbital
wrinkles using a RF device. The type of microneedle used, clinical photography, VISIA wrinkle score, and
adverse events were collected from the medical chart. Two independent dermatologists assessed the
photographs.

Results: There were 18 female and 3 male patients with a mean age of 50.24 years. The severity of wrin-
kle was improved according to photographic assessment and VISIA wrinkle score at 6-month post-treat-
ment. When 21 sites treated with a long microneedle (LMN, 1.5mm) and the other 21 sites treated with
a short microneedle (SMN, 0.8 mm) were compared, significant improvement in the VISIA wrinkle score
was observed only in those treated with the LMN. No serious adverse events, including scarring and post-
inflammatory hyperpigmentation, occurred.

Conclusions: We demonstrated the efficacy and safety of the microneedle monopolar RF device in treat-

periorbital wrinkle;
radiofrequency; VISIA

ing periorbital wrinkles. The LMN was superior to the SMN in reducing VISIA wrinkle score.

Introduction

Treating periorbital wrinkles is a challenging task because of the
anatomical significance and delicacy of the surrounding structures
(1). Several efficient and safe therapeutic modalities for the
management of periorbital wrinkles, including topical tretinoin,
chemical peels, botulinum toxin, dermal filler injections, and
energy-based devices, have been introduced to avoid potential eye
injury, ectropion, or permanent scarring (2-4). However, no stand-
ard treatment for periorbital wrinkles has been established yet (4).

Radiofrequency (RF) is a noninvasive rejuvenating technique
that stimulates the production of collagen by heating the dermis
(5). Dermal heating initially provokes collagen contraction and col-
lagen remodeling for 4-6 weeks following treatment, resulting in
a contour change of the skin (6). Since it was approved by the US
Food and Drug Administration in 2002, RF has become an import-
ant therapeutic modality for the treatment of periorbital wrinkles
in the era of noninvasive skin rejuvenation (7,8). Several studies
have evaluated the efficacy of various RF devices for treating peri-
orbital wrinkles (2-4,9). However, noninvasive RF devices have
shown to be limited in its efficacy when compared with other
invasive surgical procedures or ablative lasers (10). Conventional
photographic assessment by investigators is not sensitive enough
to evaluate subtle changes in the periorbital skin. Therefore, the
need for image analysis devices has emerged to reliably and
objectively assess the treatment results (10).

In this study, we retrospectively investigated the efficacy and
safety of a microneedle monopolar RF device in the treatment of
periorbital wrinkles. The treatment result was evaluated not only
by a photographic assessment, but also by an image analysis
device that objectively quantified the severity of wrinkles. We fur-
ther compared the efficacy of these two types of microneedles
used in the RF device: a long microneedle (LMN) with a length of
1.5 mm and a short microneedle (SMN) with a length of 0.8 mm.

Methods

This study was a single-center, retrospective cohort study. We
reviewed the medical chart of patients who were treated with the
microneedle monopolar RF device (AGNES®, Gowoonsesang
Cosmetics.co., Ltd., Seoul, Korea) for periorbital wrinkles between
November 2016 and August 2017. Patients were enrolled in this
study if they completed three treatment sessions, and if their clin-
ical photographs and VISIA wrinkle score were available at base-
line, 1 month, 3 months, and 6 months post-treatment.

Prior to the procedure, the periorbital wrinkle area was gently
cleansed with a mild cleanser, wiped with alcohol solution, and
dried. After applying an anesthetic cream (EMLA®; AstraZeneca,
DE, USA) under occlusion for 30 min, the periorbital wrinkle area
was marked with a pen. The microneedle RF device consists of a
positively charged microneedle and a negatively charged ground
pad. The ground pad was attached to the anterior trunk in supine
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Figure 1. (a) Photographs of a representative patient with periorbital wrinkles treated with microneedle RF. The right side was treated with LMN, while the left side
was treated with SMN. A reduction of periorbital wrinkles was observed after three sessions of RF treatment. (b) The severity of wrinkle was quantitatively analyzed
using the VISIA system. The VISIA wrinkle score was decreased from 13 to 10 on the right side, from 13 to 9 on the left side. (LMN: long microneedle; RF: radiofre-

quency; SMN: short microneedle).

position. The two types of microneedles used for treatment were
as follows: LMN with a length of 1.5mm and SMN with a length
of 0.8 mm. Each treatment site - right or left - was treated with
only one type of microneedle during the treatment sessions. For
example, a patient was treated with LMN on both sides, SMN on
both sides, or LMN on one side and a SMN on the other side. The
choice of microneedle was determined by the operator with a
consideration of wrinkle depth. The proximal 0.4 mm of the micro-
needle was insulated to deliver RF energy without epidermal
injury at the point of contact. Microneedles were inserted with
3-5mm intervals on the marked periorbital wrinkle area. A 1 MHz
RF current with an intensity of power level of 5-9 was delivered
for a total duration of 120 msec. The treated skin was cooled with
an ice cooler after treatment. Each patient underwent three ses-
sions of RF treatment at 4-week intervals.

High-resolution digital photographs were taken before the
treatment and at 1-month, 3-month, and 6-month post-treatment
follow-ups in the same room with no daylight under controlled
ambient conditions. Two dermatologists, who were unaware of
the purpose of this study, assessed the photographs using a 6-
scale investigator's global assessment (IGA, 1=none; 2=mild
wrinkles; 3=mild to moderate wrinkles; 4 =moderate wrinkles;
5=moderate to severe wrinkles; 6 =severe wrinkles). The clinical
photographs were provided to the dermatologists with a non-
chronological order. The assessment was made with respect to
the area, number, and depth of the periorbital wrinkles. The IGA
score was determined by a mean value of IGA from the two
dermatologists.

The VISIA winkle score was measured at baseline, 1 month,
3months, and 6months after the final treatment. The VISIA
Complexion Analysis System (Canfield Imaging Systems, Fairfield,
NJ, USA) consists of a facial imaging chamber, which is connected
to a quantitative analysis software (11). Auto-focusing camera
with a resolution of 15 million pixels generates a series of high-
resolution photographs in seconds using three kinds of light sour-
ces: standard incandescent, ultraviolet, and cross-polarized light
(12). The VISIA system identifies the total size, area, and intensity
of wrinkles under a standard flash light. The severity of wrinkles is
provided as a wrinkle score, ranging from 0 to 100. We routinely
performed VISIA measurement in the clinic to provide quantitative
assessment of patients’ wrinkle condition. Any adverse events

from RF treatment were collected by reviewing the med-
ical records.

Ethics statement

This study was conducted in accordance with the Declaration of
Helsinki and International Conference on Harmonization and
Good Clinical Practice Guidelines. It was reviewed and approved
by the local institutional review board (P01-201902-21-008).

Statistical analysis

SPSS Statistics 21.0 (IBM SPSS Inc., Chicago, IL, USA) was used for
all data analyses. p values were obtained by paired t test to deter-
mine the difference in the IGA and VISIA wrinkle score at each
visit compared with the baseline. Student’s t test was used to
evaluate the difference in the IGA and VISIA wrinkle score
between the LMN and SMN group at each visit. p values were
considered as statistically significant at the alpha level of 0.05.

Results

A total of 21 patients with 42 treatment sites were included in
this study. There were 18 female and 3 male patients with
Fitzpatrick skin type lll-IV. The mean age was 50.24 + 10.99 with a
range of 31-to 67 years. As shown in Figure 1, a reduction of peri-
orbital wrinkles was observed after three sessions of RF treatment
compared with the baseline. The IGA score was improved at
1month (3.06+0.85), 3months (2.76+0.81), and 6months
(2.65+0.82) after treatment compared with the baseline
(3.57+£0.93) (Figure 2(a)). A consistent and progressive improve-
ment in the IGA score was demonstrated from the baseline to
6 months post-treatment. Improvement in the VISIA score was
also observed at 3 months (9.21+5.06) and 6 months (9.24 +4.47)
compared with the baseline (10.86 +5.63) (Figure 2(b)). Except for
a slight elevation at 6 month post-treatment, the VISIA score also
showed a progressive improvement during the study period.
Twenty-one sites were treated with LMN (the LMN group), and
the other 21 sites were treated with SMN (the SMN group). The
IGA scores at the baseline were not significantly different between
the two groups. Compared with the baseline (3.64+0.94 and
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Figure 2. (a) IGA score was significantly improved at 1 month, 3 months, and 6 months after treatment. Consistent and progressive improvement in the IGA score was
demonstrated from the baseline to 6 months after treatment. (b) Significant improvement in the VISIA score was also observed at 3 months and 6 months post-treat-
ment. *Statistically different compared with the baseline (p <.05) (IGA: investigator's global assessment).

3.50+0.95), both of the LMN and SMN groups showed improve-
ments in the IGA score at 1 month (3.19+0.83 and 2.92+0.87),
3months (2.83+0.86 and 2.96+0.77), and 6 months (2.67 +0.78
and 2.64+0.87, respectively) post-treatment (Figure 3(a)). A statis-
tically significant difference in the IGA score was not observed
between the two groups at each follow-up. There was no signifi-
cant difference in the baseline VISIA wrinkle score between the
LMN and SMN group. Six months post-treatment, the VISIA wrin-
kle score was improved in the LMN group (from 10.24+4.52 to
7.86+3.80) (Figure 3(b)). In contrast, no significant change in the
VISIA wrinkle score was observed in the SMN group throughout
the study period. The VISIA wrinkle score at 6 months post-treat-
ment was significantly lower in the LMN group (7.86+3.80) than
in the SMN group (10.62 +4.74).

With respect to safety, all patients tolerated the procedure
well, reporting none to minimal pain. Mild irritation (38.1%),
bruise (28.6%), swelling (14.3%), paresthesia (14.3%), and eyelid
tremor (14.3%) were observed; however, they were transient and
resolved spontaneously at 1-month follow-up after the treatment.
Post-inflammatory hyperpigmentation (PIH), scarring, or any other
serious adverse events was not reported throughout the
study period.

Discussion

Chronic ultraviolet (UV) exposure, repetitive orbicularis oculi
muscle contraction, and intrinsic aging process in combination
are attributable to the formation of periorbital wrinkles (1,2,4).
Photoaging caused by cumulative UV exposure and intrinsic aging
process result in thinned skin and reduced amount of collagen
fibers (13). Orbicularis oculi muscles, which run around each eye,
cause crumpling of the overlying skin as they contract (1).
Although periorbital wrinkles are reversible in young age, revers-
ibility becomes more difficult as wrinkles become more static
from the aging process.

However, treatment of periorbital wrinkles is challenging
because of its anatomical significance and delicate nature (1).
Efficient and safe therapeutic modalities, such as botulinum toxin
injections and energy-based devices, have been introduced to
manage periorbital wrinkles while avoiding risks of eye injury,
ectropion, or permanent scarring (2-4). While botulinum toxin
injection inhibits the contraction of the orbicularis oculi muscles,

energy-based devices, such as ablative and non-ablative lasers,
stimulate neocollagenesis, thereby reversing the aging process.
Ablative lasers (carbon dioxide and erbium:yttrium aluminum gar-
net lasers) induce injury not only to the dermis but also to the
epidermis, causing higher frequency of complications and longer
downtime (14). Although non-ablative fractional lasers (1450 nm,
1550 nm, 1927 nm) reduce downtime and occurrence of adverse
events compared with ablative lasers, PIH still remains problem-
atic, especially in treating Asian skin (2,15). PIH was reported in
up to 32% of Asian patients treated with non-ablative fractional
laser resurfacing (16).

Unlike the non-ablative lasers, RF devices do not rely on the
chromophore for efficacy or safety, and thus, are suitable for all
skin types (17). RF devices utilize electrical current to produce
heat (5). Tissue resistance converts the electrical current of RF to
thermal energy. Thermal damage induces collagen shrinkage
immediately post-RF treatment (5). Fragmented collagen is
degraded by matrix metalloproteinases, and replaced by newly
produced collagen, which occurs for several months (5,18).
Increased levels of type | and Ill collagen in the dermis were
reported in patients undergoing treatment using the monopolar
RF device (19). As an alternative to non-ablative lasers, RF devices
have been vigorously used in many aesthetic fields, such as skin
lifting and tightening, body contouring, and lipolysis (20).

Several electrode configurations are available now in the RF
system; monopolar, bipolar and multipolar RF. In the monopolar
RF devices, electrical current passes from a monopolar electrode,
which is in contact with the skin, to a grounding pad. In contrast,
bipolar and multipolar RF devices produce electrical current
between two or more electrodes which are in contact with the
skin. They enable controlled distribution of the RF current, which
is limited to the tissue between the electrodes. However, limited
depth of penetration, which is approximately half of the distance
between the electrodes, results in reduced efficacy of bipolar and
multipolar RF devices compared with monopolar RF devi-
ces (21,22).

In this study, we evaluated the efficacy and safety of monopo-
lar RF device in the treatment of periorbital wrinkles. A statistical
analysis revealed a significant difference in the IGA and VISIA
wrinkle score between the baseline and 3- and 6-month follow-up
after the final treatment. The RF device uses two types of micro-
needles as its positive electrode to control the depth where RF
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Figure 3. (a) Both the LMN and SMN groups showed significant improvements in the IGA score at 1 month, 3 months, and 6 months after treatment. (b) At 6 months
after treatment, the VISIA wrinkle score was significantly improved in the LMN group. In contrast, no significant change in the VISIA wrinkle score was observed in
the SMN group throughout the study period. The VISIA wrinkle score at 6 months after treatment was significantly lower in the LMN group than in the SMN group.
*Statistically different compared with the baseline (p <.05). **Statistically different between the LMN and SMN groups (p < .05) (IGA: investigator's global assessment;

LMN: long microneedle; SMN: short microneedle).

current is produced. To protect the epidermis from thermal injury,
the proximal 0.4mm area of the microneedles is insulated. The
shorter length of insulation compared with other microneedle
fractional RF devices enables the transfer of RF energy to more
superficial tissues, and thus is suitable for the treatment of eyelid
skin, whose depth is only around 1 mm (23). The T-shaped shoul-
der of the microneedle functions as a stopper, which enables to
transfer RF energy into the same depth, regardless of the different
sessions or operators (23).

Although monopolar RF has been criticized for causing pain
during the procedure, with the help of topical anesthetic cream,
it has been considered tolerable, with none to minimal pain
reported (22). There were mild and transient adverse events that
resolved spontaneously at 1-month follow-up post-treatment. No
serious adverse events occurred during the study. The insulated
proximal part of the microneedle might contribute to the preven-
tion of serious adverse events, especially PIH and scarring, which
are related to epidermal damage.

The VISIA system is one of the most widely used imaging ana-
lysis devices in the dermatology clinics and esthetic industry
(24,25). It generates a series of high-resolution images in seconds,
using incandescent light, ultraviolet light, and polarized light (12).
In our clinic, we routinely use the VISIA system to assess patient’s
face to provide information on their overall skin condition, includ-
ing spots, wrinkles, texture, pore size, ultraviolet spots, porphyrin,
brown spots, and red areas. In comparison with the age- and skin
type-matched controls, the percentile where each patient falls on
the distribution is provided as a score ranging from 0 to 100 to
quantitatively illustrate the severity of each skin characteristic (11).
Therefore, the VISIA system detects any changes of skin condi-
tions more objectively than the photographic assessment method,
which has a limited number of scales (6).

In this study, VISIA measurement revealed a statistical differ-
ence in the treatment outcome between the LMN and SMN
group. Although photographic assessment by the investigators
did not discriminate any difference in the efficacy of the LMN and
SMN, VISIA measurement showed a significantly lower VISIA wrin-
kle score in the LMN group than in the SMN group at 6 months
post-treatment. Stimulation of collagen production at the deep

dermis by LMN may have contributed to the results. Since the
electrical current is focused near the tip of the electrodes in the
monopolar configuration, LMN might produce a higher level of
thermal injury to the deep dermis than SMN (26). In addition, skin
needling itself could stimulate collagen production through
wound healing (27). Skin needling with LMN, which could pene-
trate the skin up to 1.5mm, might result in full-thickness dermal
injury and induce neocollagenesis in the deeper dermis
than SMN.

The primary limitation of our study is its retrospective study
design. However, we assessed the treatment results not only with
photographic assessment by blinded investigators, but also with
VISIA measurement. Moreover, we demonstrated a difference in
the treatment results between the two types of microneedles for
the RF device. Although there have been several studies demon-
strating the efficacy of microneedle RF devices for treating perior-
bital wrinkles, our study, to the best of our knowledge, is the first
to compare the efficacy between the two types of microneedles
with different lengths (2,4).

Conclusion

In this study, we evaluated the efficacy and safety of a micronee-
dle monopolar RF device in the treatment of periorbital wrinkles.
Both photographic assessment and VISIA measurement revealed a
reduction in periorbital wrinkles after three sessions of RF treat-
ment. Although there were mild and transient adverse events, no
serious complications, such as scarring or PIH, occurred. LMN was
more effective in reducing the VISIA wrinkle score than its short
counterpart.
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