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Abstract Fractional microneedling radiofrequency

(FMR) is one of the promising methods in acne treatment.

Moreover, bipolar radiofrequency (BR) generates heat

thereby which induces neocollagenosis. FMR may have the

potential to be a safe and effective treatment for the

patients both with acne and acne scar. This study was

performed to compare the efficacy and safety of FMR and

BR in acne and acne scar treatment. Furthermore, mecha-

nism of the FMR treatment was investigated through skin

tissues obtained from subjects. Twenty subjects with mild-

to-moderate acne and acne scars were treated in a split-face

manner with FMR and BR. Two sessions of treatment was

done 4 weeks apart in a total 12-week prospective single-

blind, randomized clinical trial. Clinical assessment and

sebum measurement were carried out for the evaluation of

efficacy and safety. Skin tissues were acquired for inves-

tigation of molecular changes. FMR was more effective for

acne scar especially in icepick and boxcar scar compared to

BR. Both inflammatory and non-inflammatory acne lesions

decreased by 80 and 65 % in the FMR-treated side at the

final visit of 12 weeks, respectively. FMR treatment

resulted in significant reduction of sebum excretion. Both

treatments showed no severe adverse effects other than

erythema. The FMR showed superior efficacy in acne and

acne scar compared with BR. Increased expression of

TGFb and collagen I and decreased expression of NF-jB,

IL-8 are suggested to involve in the improvement of acne

scar and acne lesion by FMR.
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Introduction

Most acne patients have simultaneous acne scar [7, 17].

Several laser treatments and chemical peels showed some

achievement in the treatment of acne [3, 14, 15]. However,

there are few methods which can improve acne and acne

scar simultaneously.

Bipolar radiofrequency (BR) devices have been used to

treat acne vulgaris by inhibition of sebaceous gland

through heat production [21, 24]. In a previous study, BR

treatment was helpful to the patients with excessive oili-

ness of the skin [8]. BR can minimize pain during the

procedure through the enhanced control of energy distri-

bution compared to monopolar radiofrequency device.

Nevertheless, the penetration depth of the current is

determined by the distance between the electrodes, thereby

penetration depth is limited compared to monopolar

radiofrequency [21].

Fractional BR using an array of microneedles delivers

the current generated between the paired microneedles.

This fractional microneedling radiofrequency (FMR) can

overcome the limitation of BR and create the thermal

injury directly to the dermis. Furthermore, microneedle

therapy itself was reported to increase collagen deposition

in scar treatment [16].

With these, FMR device is supposed to be a good

therapeutic option, yet there have been no study to treat

acne and acne scar simultaneously.
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The present study was conducted to evaluate the efficacy

and safety of the FMR device in the treatment of acne and

acne scar. We compared the efficacy and safety between

FMR and previous BR device. Moreover, the mechanism

of clinical effects was explored.

Materials and methods

Study design and subjects

This study was conducted as a 12-week, prospective, sin-

gle-blind, randomized, and comparative clinical trial with a

split-face manner at the Department of Dermatology, Seoul

National University Hospital from August 2012 through

May 2013. Subjects with Fitzpatrick skin types III to IV

who have mild-to-moderate acne and scar simultaneously

were recruited. This study protocol was carried out in

accordance with the Declaration of Helsinki and was

approved by the Institutional Review Board of the Seoul

National University Hospital (No. 1206-043-413).

Informed consents were acquired from all subjects prior to

enrollment. The protocol of the study was registered

specifically at clinicaltrials.gov (NCT02207738). Subjects

were not allowed to get any systemic or topical acne

treatment or scar treatment during the course of the present

study.

Devices and laser treatment

According to the randomly assigned allocation of treatment

side, one half of the face was treated with the FMR

(INFINI�, Lutronic, Goyang, Korea) or BR (Polaris

WRA�, Syneron Medical INC., Yokneam, Israel) and the

other half was treated with the other modality. Radiofre-

quency voltage of the device up to a maximum of 50 V can

be delivered by adjusting radiofrequency treatment level

(1–20) and conduction time (10–1000 ms). The FMR were

applied at level 2–3 for 50–70 ms with applicator tip

comprised of 49 insulated microneedles over an area of

1 cm2. The BR delivered bipolar radiofrequency with a

fluence of 100 mJ/cm2 at 100 Hz. Both modalities were

done with slight overlapping in 3 passes. Patients were

scheduled to get 2 sessions of treatment at 4-week interval

in the same way.

Clinical outcome assessment

Subjects were asked to visit for follow-up at days 1, 3, 7

after the each session and 1, 2 months after the last session

for the clinical evaluation. Standardized digital photograph

was taken at every visit using same camera settings (EOS

600D�; Canon, Tokyo, Japan) and lighting conditions.

Two independent dermatologists conducted clinical

assessment (D.H.S. and S.Y.P.). Random assignment code

was secured until all data entry was complete. Efficacy of

scar improvement was assessed by investigator’s global

assessment (IGA) and Echelle d’évaluation clinique des

cicatrices d’acné (ECCA) scores [5]. IGA was comprised

of 5 points associated with the degree of improvement

(grade 0; no improvement, 1; 1–25 % improvement, 2;

26–50 % improvement, 3; 51–75 % improvement, 4;

76–100 % improvement) [12]. Moreover, acne scar was

categorized and evaluated by subtype (icepick, boxcar,

rolling scar). Degree of epithelialization was evaluated

using subjective six-point scale and Epithelization Scale

[19]. Epithelization Scale included erythema, oozing and

swelling. Individual criteria of Epithelization Scale ranged

from 0 to 4. Epithelization of Scale is a sum of three cri-

teria ranging from 0 to 12. Objective degree of erythema

generated by treatment was measured with two photomet-

ric devices (Spectrophotometer CM-2002�; Konica Min-

olta, Tokyo, Japan; Derma-spectrometer�; Cortex

technology, Hadsund, Denmark). Acne severity was eval-

uated by counting of inflammatory or non-inflammatory

acne lesion and Cunliffe’s acne grading system in the

treated area [22]. Patients’ subjective assessment of satis-

faction score, pain degree, convenience score and thera-

peutic effectiveness was surveyed from day 1 onward.

Sebum excretion rate

Both cheeks were selected to measure the sebum output

level. Sebum was collected from each side on a plastic

Sebumeter strip (Skin-O-Mat�, Cosmomed GmbH, Wetter,

Germany) applying a constant pressure for 30 s, at least 2 h

after washing the face with soap. After face washing, use of

any other topical agents including cosmetics was not per-

mitted until measurements were taken.

Skin biopsy

All skin biopsies were performed from cheek with 2 mm

punch (length: 6 mm; Integra Miltex, York, PA, USA) to

avoid scarring. Skin biopsies were performed in 3 different

ways. First, skin tissues were acquired at days 0 and 84 in 3

patients for hematoxylin-eosin (H&E) and Masson’s Tri-

chrome (MT). Second, for immunohistochemical (IHC)

staining, skin specimens were obtained in 6 subjects on

days 0, 1, 3, and 7 after the first treatment session. Two

samples per visit were acquired from both cheeks which

were treated with different modalities. Total 8 skin tissues

were collected from each patient. For PCR analysis, 2

punch (diameter: 2 mm, length: 6 mm; Integra Miltex)

biopsies per visit were done from MFR-treated side after

the first treatment session in 6 subjects at days 0, 1, 3, and
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7. Total 8 skin samples were also obtained from each

patient for PCR analysis.

Histopathology and immunohistochemistry

Skin tissues acquired at days 0 and 84 were stained with

H&E and MT. For investigation of molecular changes in

acute phase of the wound healing period, skin tissue was

acquired at days 0, 1, 3 and 7 after treatment. Tissue

samples were processed for IHC staining for transforming

growth factor (TGF)b1, TGFb3, collagen I, collagen III,

interleukin(IL)-8, NF-jB (Abcam, Cambridge, England).

The intensity of IHC staining of samples was assessed by

an image analysis program (Leica QWin version 3.5.1,

Leica Microsystems, Wetzlar, Germany). Color images of

stained slides were captured with the digital CCD camera.

In each case, at least three microscopic fields were cap-

tured. In each run of the computer assessment, the region of

interest was first delineated using a mouse. Threshold level

for the detection of diaminobenzidine (DAB) staining was

adjusted and size of immunostaining area was detected by

image processing such as binarization.

Semi-quantitative PCR

RNA isolation, cDNA synthesis and PCR [denaturation at

94 �C for 30 s and primer annealing at 58 �C for 30 s in 30

cycles for GAPDH, TGFb1, TGFb3, collagen I and IL-8

(Table 1)] were conducted as in the literature.[14] Imaged

gel was analyzed using the NIH’s ImageJ. Intensity ratios

were calculated as the intensity value for each gene divided

by the intensity value of the internal control gene

(GAPDH).

Statistical analysis

The paired t test or Wilcoxon signed-rank test were used to

compare the difference between the data obtained before

and after either FMR or BR treatments (SPSS, version

12.0; SPSS Inc., Chicago, IL, USA). Statistical significance

was P\ 0.05.

Results

Twenty (11 men, 9 women) of 23 initially enrolled patients

completed the study; three dropped out for personal rea-

sons. Mean age of subjects was 22.8. No patients were

dropped out due to serious adverse effects.

Scar improvement

At 8 weeks after two sessions of FMR or BR, the grade of

acne scar improved in 20 of FMR-treated side and 19 of

BR-treated side after treatments. Kappa value was

0.73 ± 0.09 (P\ 0.001) resulting in good congruence

between two independent raters. Mean value of IGA

showed FMR and BR treatment resulted in about 50 and

25 % improvement with significant difference (P\ 0.001),

respectively. ECCA assessment showed the superiority of

FMR to BR with significant improvements after FMR or

BR treatments in ECCA at day 84 compared to baseline

(FMR: 124.06 ± 10.12 ? 104.06 ± 6.14, P = 0.001, BR:

124.38 ± 9.81 ? 116.88 ± 5.91, P = 0.02). The differ-

ence between two modalities was significant in ECCA

(P = 0.009). In subgroup analysis according to acne scar

types, FMR showed superiorities to BR in all scar subtypes.

The difference was greatest in icepick scar type (Fig. 1).

Figure 2 presents clinical photo which shows more scar

improvement in FMR-treated side (Fig. 2a, b) compared

with BR-treated side (Fig. 2c, d).

Acne improvement

Mean baseline acne grades of FMR-treated side and BR-

treated side were 2.8 and 2.85 without significant differ-

ence, respectively (Fig. 3a). Acne grade of FMR-treated

side was reduced to 1.9 ± 0.23 at 4 week after first treat-

ment with significant difference between two modalities

(P = 0.02). The proportion of patients evaluated as grade 1

was 90 % (18 out of 20) in FMR treatment and 25 % (5 out

of 20) in BR treatment at the final visit.

Inflammatory acne lesion counts were significantly

decreased to 59.67 ± 20.35 % by FMR treatment, showing

the significant difference from BR treatment (P = 0.001) at

Table 1 PCR primers used for the study

Gene target Forward primer Reverse primer

GAPDH CCG TCT AGA AAA ACC TGC C GCC AAA TTC GTT GTC ATA CC

TGFb1 CCC AGC ATC TGC AAA GCT C GTC AAT GTA CAG CTG CCG CA

TGFb3 GCG GAG CAC AAC GAA CTG CTG CTC ATT CCG CTT AGA G

Collagen1 CTC CCC AGC TGT CT ATG GC CAC CAT CAT TTC CAC GAG CA

IL-8 GCC AAC ACA GAA ATT ATT GTA AAG CTT AAT TCT CAG CCC TCT TCA AAA ACT T

Arch Dermatol Res (2015) 307:897–904 899

123



4 week after first treatment (Fig. 3b). At the final visit, the

lesion counts of FMR-treated side were reduced to

19.67 ± 6.33 % (compared to baseline; P\ 0.001). No

statistical significance was observed in BR-treated side at

final visit (84.58 ± 19.54 %) compared to baseline. Non-

inflammatory acne lesion count was also significantly

decreased to 79.40 ± 14.72 % by FMR treatment, showing

the significant difference between two modalities

(P = 0.005) at day 28 (Fig. 3c). The mean lesion count of

FMR-treated side was reduced to 34.86 ± 6.54 % (compared

to baseline; P\0.001) at day 84, whereas the mean lesion

count of BR-treated side was increased (115.38 ± 19.05 %).

Sebum excretion rate

Both treatments showed a trend toward an overall decrease

in sebum output (Fig. 3d). Significant change of sebum

excretion level was observed in FMR-treated side at day 56

(28 days after two sessions of treatment; compared to

baseline; P = 0.002, between two modalities; P\ 0.001),

while there was no statistical significance in change in BR-

treated side. At the final visit, sebum excretion rate

decreased further compared to day 56 in FMR-treated side,

whereas it rose compared to day 56 in BR-treated side.

Epithelization and adverse effects

In six-point scale for the evaluation of epithelization (0:

complete denudation of epithelium, 5: intact skin), FMR

resulted in slight damage to the skin integrity at day 1

(4.05/5). BR-treated side hardly showed skin breach or

erythema. Epithelization Scale of FMR-treated side was

elevated at day 1 but it returned to that of BR-treated side

at day 28 (FMR: 3.15 ± 0.39 ? 0.05 ± 0.05, BR:

0.2 ± 0.12 ? 0.1 ± 0.1). Photometric measurements of

erythema revealed consistent elevated redness after frac-

tional FMR treatment compared to BR. There was no

serious adverse effect other than mild pain and edema.

Patient’s subjective assessment

Satisfaction score was higher in BR than in FMR right after

treatment and at day 1 (FMR: 7.6 ± 0.72, BR:

8.46 ± 0.42). However, higher score was marked in FMR

than in BR at day 7 and 84 (FMR: 7.41 ± 0.59, BR:

6.35 ± 0.73, P = 0.004). Pain score indicated that FMR

treatment was more painful during the procedure (FMR:

5.56 ± 0.74, BR: 1.93 ± 0.55, P = 0.002). Superiority of

BR in convenience was consistent for all study periods,

while degree of improvement was graded higher in FMR

treatment than in BR treatment at day 84

(FMR:3.82 ± 0.33, BR:3 ± 0.43, P = 0.01).Ten is a full

score in satisfaction and pain evaluation and five in con-

venience and improvement degree.

Histologic findings

Comparative investigation of histological changes induced

by FMR and BR was carried out. In H&E and MT staining,

both treatment modalities showed collagen deposition at

day 84 compared with baseline. Denser collagen was

induced in FMR-treated side.

Fig. 1 Subtype analysis according to scar type. The significant

difference in improvement between the two modalities was in icepick

scar and boxcar scar. Statistical analysis was performed using a two-

tailed paired t test; *P\ 0.05 between treatment modalities

Fig. 2 Clinical photographs revealed improvement in acne and acne

scars by both treatment modalities. a, b FMR-treated side of the face.

c, d BR-treated side of the face. a, c without any treatment. b,
d 4 weeks after two sessions of treatment. Though some improvement

was observed in BR-treated side, more prominent improvement in

acne scars was noted on FMR-treated side of the face
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Image analysis of IHC staining showed significantly

high intensity of TGFb1 in FMR-treated side at day 1 and 3

(Fig. 4a; compared with BR-treated side, P\ 0.05). The

intensity of TGFb3 staining showed a similar pattern to

that of TGFb1 (Fig. 4b, at day 1 and 3; compared with BR-

treated side, P\ 0.05). IHC of type I and III collagen

showed increasing intensities with time, but there were no

significant differences (Fig. 4c). The expression of NF-jB
and IL-8 decreased with time and there was significant

decrease at day 3 and 7 for IL-8 and at day 7 for NF-jB
(Fig. 4d, compared with baseline, P\ 0.05).

Transcriptional investigation

To investigate molecular changes induced by FMR treatment,

mRNA levels of IL-8, collagen I, TGFb1 and 3 were inves-

tigated. The amount of mRNA correlated with the degree of

protein expression that was determined by IHC. Type I col-

lagen mRNA level increased with time, although this increase

was not statistically significant (Fig. 5a, b). TGFb1 mRNA

level increased with time and reached significance at day 7

(compared with baseline, P = 0.002). TGFb3 mRNA level

showed a similar pattern to TGFb1 (Fig. 5b, at day 7; com-

pared with baseline, P = 0.024). IL-8 mRNA level decreased

with time and there was significance from day 1 onward

(compared with baseline, P = 0.01 at day 7).

Discussion

We premised that FMR with unique characteristics of

radiofrequency can be effective tool for concurrent treat-

ment of acne and acne scar. For many years, radiofre-

quency has been used for skin rejuvenation [2].

Fig. 3 Clinical assessment of acne improvement and decreased

sebum output. In FMR-treated side, greater improvement was

observed by, a acne grading, b inflammatory acne lesions, and

c non-inflammatory acne lesions. d Sebum excretion rate also

significant decreased by FMR. Statistical analysis was performed

using a two-tailed paired t test; *P\ 0.05 between treatment

modalities; �P\ 0.05 versus baseline
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Radiofrequency can produce heat by electric current.

Compared with other lasers having chromophores to gen-

erate heat through ‘selective photothermolysis’, conduc-

tivity and electron movement of the target tissue in

radiofrequency field is the source of heat production in

radiofrequency device [6, 26]. This can induce even

delivery of energy in radiofrequency field. As radiofre-

quency is originally not ablative, it rarely results transient

interruption of epidermal integrity usually seen in ablative

lasers. In a previous study only 5 % of the epidermis is

affected by fractional radiofrequency, compared to

10–70 % by fractional ablative lasers [10]. FMR and BR

are safer than monopolar radiofrequency, but FMR can

overcome the disadvantage of BR—limited penetration

depth. Furthermore, it has a great advantage of minimal

epidermal damage owing to insulated microneedles.

Compared with FMR, BR produced less pain, little

erythema and unimpaired skin integrity. These results

contributed to higher subject-rated convenience score in

the BR-treated side during the whole study period. Subjects

graded greater satisfaction in BR at days 0 and 1 possibly

due to more oozing, erythema and pain induced by FMR.

However, degree of improvement was higher in FMR-

treated side, which resulted in higher satisfaction score of

FMR at days 7 and 84 in spite of inconvenience and

erythema.

FMR lowered acne grading and decreased acne lesion

counts with decreased inflammatory markers (NF-jB and

IL-8) in the present study. NF-jB is an important factor in

regulating immune reaction and controls many genes

associated with inflammation [20] and it can activate IL-8

expression through binding to specific sites of the promoter

of the IL-8 gene [11]. IL-8 expression has been reported to

correlate with acne grade and histological change [1].

Although the mechanism by which FMR reduces NF-jB
and IL-8 remains elusive, we suggest that FMR has anti-

Fig. 4 Analyses of immunohistochemistry staining. Expression of

a TGFb1 and b TGFb3 increased during the first week after FMR

treatment. The values of FMR-treated side were significantly higher

than that of BR-treated side at day 1 and 3. c Type I and type III

collagen increased (FMR-treated side) and d IL-8 and NF-jB
decreased with time (FMR-treated side). *P\ 0.05 between treat-

ment modalities; �P\ 0.05 versus baseline

902 Arch Dermatol Res (2015) 307:897–904

123



inflammatory effects via modulating NF-jB pathway. As

inflammation is one of the main pathogenesis of acne, this

may play a role in clinical improvement of this skin disease

[27].

Excessive sebum production has been known to be one

of the pathological factors of acne [9, 28], and sebum

reduction is associated with acne outcome [13]. Ruiz-Es-

parza et al. showed non-ablative radiofrequency energy can

diminish sebum output previously [25]. In our current

study, we demonstrated that FMR had more sebosuppre-

sive effect than BR at day 56 and sebum excretion further

decreased at day 84. In addition to superficial application

of bipolar radiorequency, microneedling can deliver ther-

mal energy deeper enough to induce greater inhibition of

sebaceous gland and this sebum-modulating effect can last

2 months or longer without further treatment. No increases

in acne grading and inflammatory and non-inflammatory

lesion counts between days 56 and 84 also suggest excel-

lent long-term effect of FMR in acne treatment.

FMR showed significant acne scar improvement and

concurred with previous study [23]. For investigating

mechanism of improvement, we conducted histologic

studies. TGFb1, b2, and b3 play an important role in

optimal wound healing during the first week after injury

and contributes to hypertrophic scar formation after 1 week

[18]. In an in vitro study, TGFb isoforms stimulates

fibroblast in a concentration-dependent manner [4]. Han-

tash et al. reported bipolar radiofrequency can induce

profound neoelastogenesis and neocollagenesis [8]. In the

present study, transcription and expression of TGFb 1 and

3 increased during the first week after treatment. Increased

expression of type I and III collagen in tissue and up-

regulated mRNA of type I collagen was observed in IHC

and semi-quantitative PCR. From these results, we suggest

that FMR may induce TGFb expression, which induces

dermal fibroblast activation and enhanced collagen for-

mation, and eventually result in acne scar improvement.

Previous studies about radiofrequency have focused on

clinical evaluation and did not show molecular mechanism

of effectiveness. As far as we know, this is the first report

presenting molecular evidence of acne and acne scar

improvement by FMR treatment.

In conclusion, we confirmed that FMR is a good treat-

ment method which can improve active acne and acne scar

at once. Its efficacy was superior to that of BR and both

treatment modalities were well tolerated. Collagen induc-

tion by upregulated TGFb and decrease of inflammatory

mediators are suggested as a mechanism of clinical

improvement of acne scar and acne vulgaris by FMR

treatment.
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