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Abstract

Introduction: One of the popular minimally invasive procedures is Fractional Radiofrequency Microneedling (FRMN). The procedure offers minimal
downtime, safety and is suitable for darker skin types. However, the major drawback of FRMN is pain. A novel FRMN device has been developed,
specifically to improve the discomfort associated with therapy, while sustaining treatment efficacy.

Aim: This pilot investigation aims to assess the therapy comfort of the novel FRMN device and its efficacy and safety.

Materials and Methods: In this prospective, single-center, open-label study, 14 subjects were enrolled. Ten subjects underwent facial treatments,
from which five (n=5, 65.6+8.6 years, skin type I-1II) for treating rhytids and five (n=5, 35+11.6 years, skin type II-IV) for acne scars. Four (n=4,
35.3+6.1 years, skin type I-1II) subjects were enrolled for treating body striae on the abdomen. Each subject received three treatments, spaced 7-14
days apart. Comfort and satisfaction were assessed using questionnaires, and efficacy using GAIS evaluation.

Results: The NRS evaluation revealed an average score of 3.7/10 across all three treatments. 79% of subjects reported the treatment as comfortable.
There was a statistically significant aesthetic improvement after the treatments. Facial treatment subjects had an average improvement of 1.7 points,
while the body striae subjects had an average improvement of 1.9 points 3 months post-treatment according to GAIS. The subject satisfaction
questionnaire revealed high patient satisfaction.

Conclusion: Study results suggest the Fractional Radiofrequency Microneedling procedure with the novel device is comfortable while sustaining
therapy efficacy demonstrated in the treatment of rhytids, acne scars, and body striae.
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Abbreviations: 2D: Two-dimensional; EGF: Epidermal Growth Factor; FGF: Fibroblast Growth Factor; FRMN: Fractional Radiofrequency
Microneedling; GAIS: Global Aesthetic Improvement Scale; MA: Massachusetts; NRS: Numerical Rating Scale for Pain; RF: Radiofrequency; TGF-a:
Transforming Growth Factor Alpha; TGF-f: Transforming Growth Factor Beta

Introduction

The contemporary societal emphasis on physical aesthetics has
resulted in the rise of interest in cosmetic procedures, especially
those non-surgical procedures with minimal downtime. In 2022,
within the United States exclusively, the number of minimally inva-
sive cosmetic procedures performed increased to 23.6 million com-
pared to 15.8 million in 2020 [1,2]. One of the popular minimally in-
vasive procedures is microneedling. Microneedling emerged in the
90s for the treatment of scars and became popular during the 00s
for skin rejuvenation [3]. This procedure uses an array of needles

to create micro-injuries in the dermis, triggering the non-inflam-
matory regeneration processes [4], and subsequently the release
of growth factors, such as Platelet-Derived Growth Factor (PDGF),
Fibroblast Growth Factor (FGF), Epidermal Growth Factor (EGF),
and transforming growth factor alpha and beta (TGF-a and TGF-f)
[5,6].

These growth factors are suggested to play a role in the in-
creased collagen and elastin production as well as fiber reorganiza-
tion observed after the microneedling treatments [7]. To enhance
efficacy, Fractional Radiofrequency Microneedling (FRMN) was
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developed, combining the mechanical stimulation of micronee-
dling and the thermal effect of radiofrequency. Radiofrequency has
been widely used in cosmetic dermatology for facial rejuvenation
through collagen and elastin promotion [8]. FRMN has proven its
efficacy for multiple indications such as the treatment of wrinkles,
acne scars, striae distensae, axillary hyperhidrosis or alopecia [9].
The treatment offers minimal downtime, safety, and is suitable for
darker skin types (up to Fitzpatrick skin type VI [10,11]. As the ra-
diofrequency energy is not absorbed by chromophores [8], the risk
of post-inflammatory hyperpigmentation is minimized.

The major drawback of FRMN, however, is pain. The pain can
sometimes reach such an intensity that averts patients from com-
pleting scheduled treatment sessions or limits the needle depth
insertion necessary for adequate efficacy, especially of body treat-
ments, where the dermis is thicker compared to the face [12,13].
Increased pain with needle depth has been demonstrated by previ-
ous research [14,15]. To reduce discomfort, the procedure is often
accompanied by different types of anesthetics, starting from top-
ical anesthetics to nerve blocks, oral narcotics, or nitrous oxide/
oxygen inhalation when topical anesthetic is insufficient9. Tra-
ditional FRMN procedures, moreover, exacerbate irritation to the
already compromised skin due to multiple passes over the same
area, required for their efficacy. To combat FRMN disadvantages,
a novel FRMN device has been developed, specifically to improve
the discomfort associated with therapy, while sustaining therapy
efficacy. According to real-time impedance measurements derived
from each needle, the device’s algorithms adjust pulse parameters
individually tailored to each patient and treatment area, ensuring
optimal energy transmission and enabling a single-pass procedure
for improved therapy comfort. To further alleviate standard dis-
comfort of FRMN body treatments, where microneedles are insert-
ed beyond 4 mm, this device employs an ‘extended mode’, allowing
delivery of radiofrequency energy below the needle tip; therefore,
the treatment of the subdermal layer without the need for full nee-
dle insertion. This pilot investigation aims to assess the therapy
comfort of the novel FRMN device, as well as its efficacy and safety.
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Materials and Methods

In this prospective, single-center, open-label study, 14 sub-
jects were enrolled (n=14, 13 females, 1 male, 46+17.4 years, skin
type I-1V). The objectives were therapy comfort evaluation, safety
assessment as well as the efficacy of the treatment, and the sub-
ject’s satisfaction with the treatment results. The efficacy was test-
ed on three indications, facial rhytids, acne scars, and body striae.
Ten subjects underwent facial treatments, from which five (n=5,
65.6%8.6 years, 4 females and 1 male, skin type I-11I) for the treat-
ment of rhytids, and five (n=5, 35+11.6 years, all females, skin type
[I-1V) for the treatment of acne scars. Four (n=4, 35.3+6.1 years, 3
females, 1 male, skin type I-1II) subjects were enrolled for treating
abdominal body striae. Subjects were informed about the study
procedures before enrollment and signed a written informed con-
sent. Each subject received three single-pass FRMN treatments
with the EXION Fractional applicator of the Exion device (BTL In-
dustries, Inc., Boston, MA), spaced 7-14 days apart. Subjects of the
facial treatments group had their face treated including cheeks and
forehead, and subjects in the body striae group had their abdominal
area treated.

The treated area was free of hair, cleaned from cosmetics and
makeup before the therapy, additionally jewelry was removed be-
fore the treatments. A topical anesthetic (23% lidocaine, 7% tetra-
caine, plasticized) was applied to the treatment area and cleaned
with 70% alcohol before the start of the treatment. All participants
were treated with non-insulated needles. RF energy, and needle
depth were set according to the treated area, treatment concern,
and the subject’s feedback. Subjects were required to attend all
three treatment visits and follow-up visits scheduled at 1 month
and 3 months post-treatment. Two-dimensional (2D) photographs
of the treated area were taken at baseline, after the last treatment,
and at both follow-up visits. The 10-point Numerical Rating Scale
for pain (NRS), where 0 represents no pain, and 10 means worst
possible pain, was given to subjects after each study treatment to
evaluate therapy comfort, see (Figure 1).

Numerical Pain Rating Scale

——

Figure 1: lllustration of the Numerical Pain Rating Scale.

The treatment efficacy was assessed using the Global Aesthetic
Improvement Scale (GAIS) by three independent evaluators using
the 2D photographs. Photographs from after the last treatment and
both follow-up visits were compared to baseline photographs, and
each evaluator assigned a score to the photograph from -1 to 3 (-1=

worse, 0=no change, 1=improved, 2=much improved, 3=very much
improved). An improvement was considered when there was an
increase in the score. The Friedman test was used to evaluate the
statistical significance («¢=0.05) of aesthetic improvement using
GAIS scores. A 5-point Likert scale (1=strongly disagree, 5=strongly
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agree) Subject Satisfaction Questionnaire was given to subjects to
fill in after the last treatment and at both follow-up visits consist-
ing of the following questions: “I found the treatment comfortable”,
“The appearance of the treated area has been improved after the
treatments”, “I am satisfied with the treatment results”, “I would
undergo the treatments again”. Observation for any adverse events
took place during the whole course of the study.

Results and Discussion

All subjects completed all scheduled treatments and the
1-month follow-up visit. Two subjects of rhytid treatments were
lost to follow-up at 3 months, therefore only 12 subjects were in-
cluded in the 3-month analysis, while all 14 subjects were includ-
ed in the after-treatment and 1-month analysis. No adverse events
were observed throughout the study. The radiofrequency energy
for facial treatments was set at 40% intensity and inserted needle
depth was 1-2mm. Participants with body striae had radiofrequen-
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cy set to 100% intensity and with a needle depth of 3mm, except for
initial treatment of one subject, where the needle depth was set to
1,5mm. The extended mode was turned on during the body treat-
ments. The Numerical Pain Rating Scale (NRS) evaluation revealed
an average score of 3.7/10 across all three treatments. The NRS
score remained relatively stable throughout the study, with a score
of 3.9/10 after the 1st treatment, 3.5/10 after the 2" treatment,
and 3.8/10 after the 3™ treatment. There was a statistically signifi-
cant improvement in appearance after the facial (p-value <0.0001)
and body treatments (p-value 0.0003). The GAIS scores gradually
increased, with a peak at 3 months post-treatment. The average
aesthetic improvement compared to baseline was 1.7 points for fa-
cial treatments and 1.9 points for striae treatments. Although not
among the objectives of this study, during photograph evaluation of
body treatments, an additional slimming effect was observed. For
more details see (Figures 2-5).
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Figure 2: GAIS scoring-Facial treatments on the right, body treatments on the left. Tx=treatment, 1M=1-month follow-up, 3M=3-month follow-

Satisfaction Questionnaire.

Figure 3: Rhytids reduction: Left-baseline photograph, Right-1-month follow-up photograph illustrating the tightening effect, reduction of
rhytids and skin texture enhancement. Subject reported high satisfaction (on average 4.6 out of 5 points) in the 5-point Likert scale Subject
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Figure 4: Acne scar reduction: Right-baseline photograph, Left-3-month follow-up visit photograph with a visible reduction of acne scars, and
improved skin depressions. The subject was highly satisfied with the study treatment results (5 points out of 5).

Figure 5: Improvement of body striae, left-baseline, right-3-months post-treatment with an improvement of abdominal striae, noticeable skin
tightening. The subject self-reported an appearance improvement in the treated area.

Overall, 97% of all subjects reported an aesthetic improvement
in the treated area (mean satisfaction across 1-month and 3-month
time points). Initially, at the one-month mark, 90% of facial treat-
ment subjects expressed satisfaction with the outcomes and an
improvement in appearance. By the three-month follow-up, sat-
isfaction increased to 100%, underscoring the progression over
time. Participants of the body treatments reported consistent sat-
isfaction levels, registering at 100% across both the one-month
and three-month follow-up assessments. Most of the subjects
(79%) found the treatment comfortable according to the Subject
Satisfaction Questionnaire and 11 out of twelve subjects (92%) of
subjects reported they would undergo the treatments again. This
study aimed to investigate the therapy comfort of the FRMN pro-
cedure using the novel device, as well as its safety, and efficacy for
treating rhytids, acne scars, and body striae. The NRS assessment
revealed an average score of 3.7/10. The treatment efficacy was
demonstrated through increased GAIS scores and high patient sat-
isfaction, while its safety was confirmed by the absence of any ad-
verse events. The traditional FRMN procedures can be quite pain-
ful, with reported pain levels reaching as high as 8.81 out of 10 [16].

The FRMN treatment using the novel device is in comparison more
comfortable, with the mean NRS score of 3.7/10. The Subject Sat-
isfaction Questionnaire revealed that 79% of participants rated the
treatment as comfortable, furthermore implying a tolerable level of
perceived discomfort. This sentiment is supported by the fact that
all participants completed their scheduled treatment sessions, and
additionally, 92% expressed willingness to undergo the treatments
again. The observed post-treatment appearance change was high-
ly significant on both body (p-value 0.0003) and facial skin (p-val-
ue<0.0001), with gradual improvement with every follow-up and
the highest GAIS scores obtained at 3 months post-treatment, on
average by 1.7 points (body treatments) and 1.9 points (facial treat-
ments). The improvements observed by clinical aestheticians were
reflected by study participants as well, all subjects (100%) self-re-
ported an improvement in appearance at the 3-month follow-up
visit. The gradual change can be interpreted by the neosynthesis
of collagen and elastin. In earlier studies, the effect of FRMN in the
human skin tissue has been investigated, with observed increased
dermal thickness interpreted by neocollagenesis, neoelastinogen-
esis, and elevated hyaluronic acid levels [17-19], which has been

American Journal of Biomedical Science & Research 482



Am ] Biomed Sci & Res

demonstrated by previous studies to occur even 6 months after the
treatments [20]. Restoring dermal volume and elasticity is crucial
for improving rhytids, and scars. Increased dermal thickness ulti-
mately leads to the elevation of skin depressions caused by atro-
phic scars [21], while heightened skin elasticity creates a lifting and
tightening effect for reducing rhytids.

The improvement in appearance after body treatments can be
attributed to the striae reduction, skin tightening, and abdominal
slimming effect. Although the mechanism of the slimming effect
should be investigated in future studies, heat-induced adipocyte
disruption following RF treatments has been previously demon-
strated by several studies [22-24]. With regard to the research
methods, some limitations need to be acknowledged. The sample
size of 14 subjects represents a limitation of this study and there-
fore the results cannot be generalized. Future investigations would
benefit from a larger sample size, including a wider skin type range,
and a higher rate of follow-up visits. Finally, a computed method
such as 3D photograph analysis would increase the objectivity of
the evaluation. The objectivity was, however, not compromised, as
three independent evaluators were assessing the treatment out-
come. Despite the limitations, this study also has several strengths,
including the investigation of three treatment indications, the use
of objective evaluation of treatment results using GAIS by three in-
dependent evaluators, and subjective evaluation by the study par-
ticipants (Table 1).

Table 1: List of Abbreviations.

Abbreviation Definition
2D Two-dimensional
EGF Epidermal Growth Factor
FGF Fibroblast Growth Factor
FRMN Fractional Radiofrequency Microneedling
GAIS Global Aesthetic Improvement Scale
MA Massachusetts
NRS Numerical Rating Scale for Pain
RF Radiofrequency
TGF-a Transforming Growth Factor Alpha
TGF-B Transforming Growth Factor Beta
Conclusion

Study results suggest the Fractional Radiofrequency Micronee-
dling procedure with the novel device is comfortable while sustain-
ing therapy efficacy demonstrated in the treatment of rhytids, acne
scars, and body striae.
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