
 Medical Lasers; Engineering, Basic Research, and Clinical Application 59

O
riginal A

rticleClinical Study of Facial Wrinkle Treatment with Fractional 
Microneedle Radio Frequency System 

Background and Objectives
Noninvasive radio frequency (RF) devices have been used in treatment of 
facial wrinkles. Fractional microneedle RF system was studied to assess 
the clinical efficacy and safety in treatment of facial wrinkles.

Materials and Methods
A total of 204 patients (80 male, 124 female; mean age 47.3, range 26-68; 
Fitzpatrick skin type III to type IV) with facial wrinkle were treated with 1-3 
sessions of fractional microneedle RF system at an average interval of 4 
weeks at three study centers in Korea.

Results
Of the 204 patients, 54 had grade 4 clinical improvement, 86 had grade 3 
improvement, 50 had grade 2 improvement, and 14 had grade 1 improve-
ment. Mild post-inflammatory hyperpigmentation was found in only two 
of the 204 patients, which spontaneously resolved within one month.

Conclusion
Fractional microneedle RF system was effective and safe in the treatment 
of facial wrinkles.
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InTRoduCTIon 

Thermo-lytic treatments with RF devices have been 
used for the skin rhytides, wrinkles, acne, and acne scars 
in many dermatological aesthetic clinics. RF devices 
induce tissue regeneration by neocollagenesis. Electronic 
currents from RF devices induce bulk heating on the 
target tissue, known as an electro thermal reaction, 
depending on the impedance of the tissue.1-5 When RF 
treatment is delivered to the skin, electric currents are 
absorbed by water, vessels, and collagen fibers. Thereby, 
electro thermal reactions coagulate dermal tissues and 
induce cellular aggregation and secretion of cytokines 
and growth factors for tissue regeneration.6,7

Conventional mono polar RF devices deliver RF energy 
to the skin via a return electrode attached elsewhere 
on the body, whereas conventional bipolar RF devices 
comprise a hand piece that is equipped with both the 
delivery and return electrodes.1-4 However, the penetration 
depth of RF energy has been shown to be limited to less 
than one-half of the distance between the electrodes in a 
hand piece of conventional bipolar RF devices. Meanwhile, 
in both types of conventional RF devices, protection of the 
epidermis is required in order to safely emit higher levels 
of RF energy for the proper induction of dermal tissue 
regeneration.

Fractionated bipolar RF systems deliver RF energy 
to the skin using microneedles, which allow for precise 
depth control in the dermis and facilitate safer treatment 
of lesions; these systems emit higher energy in a non-
contiguous pattern to help with epidermal preservation, 
compared with other fractional lasers.8 Fractionated RF 
systems generate pyramid- or cocoon-shaped sublative 
zones of electro thermal injury, compared to ablative 
fractional lasers, which produce conical zones of photo 
thermal injury that are widest in the epidermis and 
narrower in the dermis.8,9 The procedures involved in 
administering treatment with RF devices are minimally 
invasive and necessitate little downtime; they are also 
highly cost-effective. Since the first fractional bipolar RF 
delivery system with linear five bipolar microneedle pairs 
was reported by Hantash et al.,7 several other types of 
fractionated microneedle RF devices equipped with 25 to 
49-microneedles in a disposable tip have been used in the 
treatment of facial wrinkles, inflammatory acne vulgaris, 
and atrophic scars.6-10

Tissue impedance and permittivity of the skin are 
associated with skin-RF interactions.7,11-13 Higher 
impedance and lower permittivity of the lower reticular 
dermis or subcutaneous fat layer result in a larger 

but less concentrated zone of thermal injury after RF 
treatment, compared to the upper papillary dermis, 
which has lower impedance and higher permittivity.7,11-13 
Although pre-treatment evaluation of tissue impedance 
and lesion temperature can be used for optimizing 
RF parameters, reference data of detailed skin-RF 
interactions can provide useful information with which to 
predict therapeutic efficacy and prevent side effects.11 In 
this report, we demonstrate the efficacy and safety of a 
fractional microneedle RF system in 204 Korean patients 
with facial wrinkles.

MaTeRIalS and MeThodS

Three study centers were selected in Korea. Two 
hundred and four patients (80 male patients and 124 
female patients; a mean age of 47.3 years, ranging from 
26 to 68 years; Fitzpatrick skin type: III-IV) who underwent 
treatment with fractional microneedle RF system (Scarlet, 
Viol, Seongnam, Korea) for facial wrinkles were analyzed 
in this study (Table 1). Patients were excluded from the 
study if they had recently received systemic retinoids; 
595-nm pulsed dye laser treatment; intense pulsed light, 
nonablative erbium-glass fractional laser treatment; 
ablative 10,600-nm carbon dioxide fractional laser 
treatment; monopolar or bipolar RF treatment; or high-
intensity focused ultrasound treatment within 6 months. 
Patients with a high probability of becoming pregnant 
or a propensity for keloids or immunosuppression were 
excluded. All patients provided written informed consent 
regarding their participation in the trial, treatment course, 
and possible side effects, as well as for the use of their 
clinical photographs.

Patients were treated with one to three sessions of 
fractional microneedle RF system at average 4-week 
intervals. Before application of local anesthesia, the face 
was cleansed with a mild soap and 70% alcohol. A topical 
eutectic mixture of 2.5% lidocaine hydrochloric acid and 
2.5% prilocaine (AstraZeneca AB, Södertälje, Sweden) 
was applied to the entire face under occlusion 20-45 min 
before the therapy. The treatment settings used at each 

Table 1. Baseline characteristics of the patients

Center
Gender Age (years)

Male Female Range Mean

Maylin 25   46 31-68 51
Miaero 37   52 29-65 47
Dr. Oh S. 18   26 26-59 42
Total 80 124 26-68 47.3
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center for skin rejuvenation are summarized in Table 2. 
RF therapy was administered over the entire face 

during a single to double pass, and an additional one 
to two passes were delivered to moderate or severe 
lesions with wrinkles. Patients with a history of herpes 
virus infection were prophylactically prescribed oral 
valacyclovir hydrochloride (Valtrex, GlaxoSmithKline, 
Research Triangle Park, NC) for 3 days. The use of a 
noncomedogenic moisturizer several times a day for a 
few days after each treatment session was recommended 
to promote wound healing and prevent dryness. Patients 
were instructed to avoid overexposure to sunlight and 
to use a broad-spectrum sunscreen after post-therapy 
crusting subsided. They were also instructed to avoid the 
use of any systemic or topical retinoids and antibiotics 
during the course of treatment.

Photographs were taken under identical camera 
settings, lighting, and patient positioning at baseline 
and three months after the last treatment. Two doctors 
performed objective clinical assessments in a blinded 
fashion by comparing before-and-after photos using a 
global improvement scale (grade 0, worsened; grade 1, 
0-25% = minimal improvement or steady state; grade 
2, 26-50% = moderate improvement; grade 3, 51-75% = 
marked improvement; and grade 4, >75% = near total 
improvement). Investigators assessed and recorded 
possible side effects, including bleeding, oozing, post-
therapy dyschromia, scaling, crusting, edema, and 
erythema at each visit (at 1- to 2-week intervals). Three 
months after the final treatment, the reported side effects 
were reassessed and analyzed.

ReSulTS

A total of 204 patients with wrinkles on the face from 
three centers were treated with one to three sessions of 
the treatment at average 4-week intervals. Three months 
after the final treatment, objective clinical assessment 
using a global improvement scale revealed a median 
clinical improvement score for the 204 patients of 2.9 
± 0.9. Fifty four (26.5%) of the 204 patients had grade 

4 clinical improvement, eighty six (42.2%) had grade 3 
improvement, fifty (24.5%) had grade 2 improvement, 
and fourteen (6.9%) had grade 1 improvement (Fig. 1). 
Periorbital wrinkles were treated with the settings of 
a microneedle depth of 1.2-1.5 mm, an intensity level 
of 7-8, and the duty time of 100-200 msec, and 1-2 
passes/session. After fractional microneedle RF system 
treatment, periorbital wrinkles were improved (Fig. 2). 
Post-treatment bruising or purpura was not observed. 
Wrinkles of the forehead were treated with a microneedle 
depth of 0.8-1.0 mm, an intensity level of 6-7, the duty time 
of 100-200 msec, and 1-2 passes/session. In this study, 
most of the patients well tolerated the treatment along 
the forehead areas and reported good clinical outcomes 
(Fig. 3). Cheek skin was treated with a microneedle depth 
of 2.5-3.0 mm, an intensity level of 7-8, the duty time of 
200 msec, and 2-3 passes/session. After the treatment, 
rejuvenation effects along the cheeks were observed and 
sagging jowls were also improved (Fig. 4). 

Side effects were examined and reported by partici-
pants upon each visit. Although the patients reported 
some pain, most of the patients acceptably well 
tolerated the treatment courses by applying topical 
anesthetic cream before the procedure. Post-treatment 

Table 2. Summarized treatment settings of the fractional microneedle RF system at the three study centers

Center Pass
Treatment Parameter Number of 

sessions
Treatment Interval 

(week)Depth (mm) Intensity (level) Duty Time (msec)

1 1-3 0.8-3.0 6-8 100-200 2-3 3-4
2 1-3 0.8-3.0 6-8 100-200 2-3 3-4
3 1-3 0.8-3.0 6-8 100-200 1-3 4-5

Fig. 1. Clinical improvement grades for the 204 patients treated with 
fractional microneedle RF system for the rejuvenation treatment of 
wrinkles along the face.
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Fig. 2. Marked improvement of periorbital wrinkles in a 48-year-old male patient after two sessions of fractional microneedle RF system treatment. 
Photos were taken at (A) baseline and (B) two months after treatment.

A B

Fig. 3. Remarkable improvement of wrinkles along the forehead in a 56-year-old male patient after three sessions of fractional microneedle RF 
system treatment. Photos were taken at (A) baseline and (B) three months after treatment.

A B

Fig. 4. Improvement of wrinkles 
and sagging along cheek in a 
53-year-old female patient after two 
sessions of fractional microneedle 
RF system. Photos were taken at 
(A) baseline and (B) two months 
after treatment.

A B
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edema and erythema were mild and transient, usually 
resolving within 1-3 days. Mild post-inflammatory 
hyperpigmentation was found in only two (1.0%) of the 204 
patients, which spontaneously resolved within one month. 
Other possible adverse events, including persistent 
post-inflammatory hyperpigmentation, scarring, 
hypopigmentation, secondary bacterial infection, post-
therapy blister formation, and viral infection, were not 
recorded.

dISCuSSIon

The benefit of RF devices is to heat the dermis to a certain 
temperature and cause immediate collagen stimulation 
and contraction which induce a neocollagenesis. The 
mechanism of action of these devices is thought to be 
related to the fact that water, collagen, melanin, and 
dermal microvasculature absorb RF energy, producing 
a bulk heating effect on the dermis and inducing cellular 
mediator and growth factor secretion, which results 
in wound healing.6 But higher temperatures than 65 
degree range denature collagen, even though this brings 
to more visible results. If the RF energy is placed too 
deep, there be fat necrosis, and if placed too superficial, 
the skin can burn or get hyperpigmentation. It is very 
difficult to heat the dermis to a temperature that is 
effective and still maintain safe temperatures for the skin 
surface. Differences in skin thickness, hydration and the 
composition of collagen and fat can lead to placement of 
the energy at unknown or variable depths, too.

The concept of treating areas fractionally has been the 
desired treatment modality for most devices. Almost all of 
the RF devices have used a bulk heating method and not 
a fractional heating but recently RF devices by keeping 
surrounding tissues untreated fractionally show faster 
healing, less pain, and less risk. The penetration with 
microneedles to heat skin looks more predictability, more 
accuracy and more safety.7 

Hantash and colleagues7 first demonstrated the effects 
of the minimally invasive RF device, a bipolar microneedle 
electrode system, on human skin. The authors created 
radiofrequency thermal zones in the dermis using 
microneedle electrode pairs.7 In the present study, a 
fractional microneedle RF system was used for facial 
wrinkles. The therapeutic effects of this system may 
have been the result of tissue heating by the RF energy, 
as well as from collagen induction by the penetration of 
microneedles. The microneedle of the RF system used 
in the present study was not insulated, whereas that 
of RF device used in the previous report was insulated 

proximally to protect the epidermis from RF heating at the 
insertion sites.7 Possible side effects associated with RF 
heating on the epidermis, including burning, noticeable 
crusting, prolonged erythema, postinflammatory 
hyperpigmentation, and scarring, were not observed with 
the use of a RF system with noninsulated microneedles. 
Instead, therapeutic effects on the epidermis were 
observed, especially textural improvement.6

In conclusion, the present study demonstrated frac-
tional microneedle RF system with noninsulated micro-
needles was effective and safe in the treatment of facial 
wrinkles in Fitzpatrick skin types III to IV. The results 
obtained after the final treatment session continued 
to improve over time, and patient satisfaction with the 
procedure was very high with excellent compliance. In 
addition, as the subcutaneous fat layers of the forehead 
and periorbital lesion are relatively thin, microneedle 
RF therapy could easily lead to treatment-associated 
pain. As cheek skin is thicker than other parts of facial 
skin, microneedle RF therapy lead to less treatment-
associated pain. The delivery of RF energy to deeper 
portions of the skin was needed and provided by more 
pass on the same lesion with fractional microneedle RF 
system, which delicately controls the penetration depth of 
microneedles.
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