Dermatologic Therapy, Vol. *, 2015, ®s—e*
Printed in the United States - All rights reserved

© 2015 Wiley Periodicals, Inc.

DERMATOLOGIC THERAPY
ISSN 1396-0296

THERAPEUTIC HOTLINE

Efficacy of monopolar radiofrequency
on skin collagen remodeling:
a veterinary study

Kraus Fritz*t, JAN BERNARDYH, GEORGE SONN TipLICcAS &
ALENA MACHOVCOVAY

*Dermatology and Laser Center, Landau, Germany 1 Universitdt Osnabriick,
Kosmetologie und Gesundheitswissenschaften Department (Leiter Prof. Dr
John), Osnabriick, Germany {Veterinary Research Institute, Brno, Czech
Republic SDermatology Department, University Carol Davila, Bucharest,
Romania YDermatology and Venereology, University Hospital Motol, Prague,
Czech Republic

ABSTRACT: The aesthetic market offers various radiofrequency treatments for the reduction of
wrinkles and rhytids. Even though this not an uncommon aesthetic therapy, there is considerable lack
of clinical evidence on the various energy delivery systems available (unipolar, bipolar, tripolar, multi-
polar, etc.). The purpose of this study was to demonstrate the efficacy of a monopolar radiofrequency
device (Exilis Elite, BTL Industries Inc., Boston, MA, USA) on the skin collagen in an animal model. The
study treatment was done on the abdominal area of the potbellied Vietnamese mini pigs in the Veteri-
nary Research Institute facility. All pigs were treated once per week for 4 weeks. The treatment area was
sized 20 x 10cm. The surface temperature was kept in the therapeutic interval from 39°C to 43°C and the
therapy lasted for 10 minutes after reaching the therapeutic temperature. Biopsy samples were taken
before the therapy and at the 3-month follow-up. The histology samples were stained and magnified
(x400) before computer processing. The collagen volume was calculated using the stereological analysis
and the data were statistically processed (using the nonparametric two-sample ¢-test). The collagen
content tissue increased from average of 9.0% before the therapy up to 25.9% after the 3-month
follow-up period. The statistical comparison of 54 samples taken before and after the treatment
acknowledged the significant difference (p = 0.018). The stereological analysis proved large-scale
improvement of collagen in the treated area. We have observed that the monopolar radiofrequency
therapy significantly increases collagen remodeling.
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Introduction

The global market for aesthetic treatments offers
various techniques for wrinkle reduction. Some of
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them are based on cosmetics (vanishing creams)
or on manual therapy (massage), whereas
others represent device-based therapies. Many
established therapies typically reduce wrinkles
by inducing collagen neogenesis. It is well
known that an internal temperature above 42°C
stimulates fibroblasts to produce more collagen;
some treatments involve tissue heating to the
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clinical endpoint using different types of energy
such as light, ultrasound, or radiofrequency (RF)
).

This study shows how monopolar RF device can
effect collagen distribution in the treated area on
Vietnamese mini pigs after 10-minute exposure to
the temperature in the range of 39°C to 43°C.

Materials and methods

The study protocol was approved by the Institu-
tional Animal Care and Use Committee and the
Ethics Committee for Animal Protection of the
Ministry of Agriculture. The laboratory providing
procedure operates in accordance with the Good
Laboratory Practices standards. The procedures
employed minimized or avoided causing pain, dis-
comfort or distress of the animals. The animal care
was in compliance with the European Convention
for the Protection of Vertebrate Animals Used for
Experimental and Other Scientific Purposes, and
with the Law on the Protection of Animals Against
Cruelty. The number of pigs (3) used for this study
was the minimum required to meet the scientific
and regulatory guidelines for this type of study.

Meyer et al. (2) showed that Vietnamese pig’s
skin is very similar to human skin and a good
model in the meaning of function or disease. All
pigs enrolled in this study were fed by cereal diet
for swine (25 g/kg). All pigs were in good health
conditions before and during the study duration.
The room temperature was kept at 20°C and all
animals were monitored continuously by the
camera (2).

Treatment procedure

The therapy was administrated once per week for
the period of 4 weeks. The ventrolateral part of the
left flank (20 x 10 cm) was submitted to the treat-
ment. The untreated right flank served as a
control. Before the set of the treatments and after
the 3-month follow-up period biopsy samples
from each animal were taken from the skin (nine
samples per each animal before and after treat-
ment on the treated side as well as 3 on the
untreated side before and after). The disposal cir-
cular blade (Kruse Buster biopsy punch 6mm) was
rotated down through the epidermis and dermis,
and into the subcutaneous fat, yielding 8 to
10 mm cylindrical core of tissue sample, and care-
fully removed. The tissue punch biopsy samples
were taken from the treated rectangles and
untreated opposite side as control samples.

Cylindrical-shaped samples of the tissue were
carefully removed and cut off to avoid crush arti-
fact and damage to the fragile tissue, divided into
smaller portions for different media (formol, RLT,
and Lenly), and stored appropriately. The
elliptical-shaped wound was made by stretching
the skin perpendicular to the lines of least skin
tension before incision, allowing easier closure by
a single suture. For stereological analysis, the
samples were fixed in 3% glutaraldehyde in 0.1 M
cacodylate buffer, pH 7.2, containing 7% sucrose
(2,3). The animals were treated for 10 minutes
after reaching the therapeutic temperature range
(39°C to 43°C). The monopolar RF handpiece with
embedded loopback-based energy delivery system
was used for the treatment. The average power
setting was 85W with the duty factor set at 100%.
To reach the homogenous clinical outcome, it was
necessary that the treated area be evenly heated
by the operator’s movements. The surface tem-
perature was measured using both an external
infrared thermometer and an external thermal
imager.

Collagen analysis

To preserve the tissue, tissue specimens were sub-
mitted to the fixation by 10% neutral buffered
formalin (4% formaldehyde in phosphate buffered
saline). The specimens were processed (by dehy-
dration), cleared and infiltrated with the paraffin
wax, embedded in a cube, and finally sectioned by
a microtome and placed on a microscope slide (27
histology samples before, 27 after the follow-up).
Photomicrographs taken from the specially stained
sections were analyzed using a simple and reliable
software stereological method (Excilis, BTL,
Prague, Czech Republic SOFO, SK). The stere-
ological analysis (a computer-based image pro-
cessing and analysis technique) was used on the
skin structures in color histological sections for
quantitative analysis.

The Goldner’s trichrome method was per-
formed for stereological analysis to quantify con-
nective tissue and fat. Microphotographs were
captured at the magnification of x400. Collagen
content was counted by the stereological process-
ing software in the top of the cellular epidermis and
at the dermal-epidermal junction. Consequently,
the volume of the cellular layer of the epidermis,
epidermal thickness and the ratio of the dermal-
epidermal junction surface area to the in-plane
surface area were calculated (see FIG. 1). The col-
lagen in the tissue specimen was calculated using
the pixel by pixel analysis. All images were acquired
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FIG. 1. Stereological analysis.

Pig Mo, 119 - 3,49 %, before treatment (scan 29]

FIG. 2. Results of stereological analysis.

under the same magnification. Mean percentage of
collagen was calculated, together with cellular den-
sities and collagen densities in the papillary and
reticular layers of the dermis (4,5).

Results

The stereological analysis counts collagen percent-
age in an observed specimen. Prior to the analysis,
the collagen is selectively marked using the
Goldner’s trichrome method so that the computer
can analyse pixel per pixel collagen density. FIG. 2

Monopolar radiofrequency on skin collagen
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Pig No. 119, 28,8 %, after full treatment {scan 14)

shows the collagen marked by green and the total
percentage of the counted collagen in the sample.

The results are summarized in Table 1, showing
average values, minimum and maximum values,
and the standard deviation before the therapy
and after the follow-up. Statistical calculation
(nonparametric two-sample ¢-test) was applied on
the data set and the p = 0.018 was calculated.

Discussion

Numerous medical devices are described as skin
tightening device, among them ablative and
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Table 1. Collagen in treated and untreated skin — changes after treatment

Variable collagen — Standard
treated skin Samples n Average (%) Minimum (%) Maximum (%) deviation
Before 27 9.0332 3.4965 16.7832 3.2522
After 3-month follow-up 27 25.8990 10.2564 51.5790 10.5163
Variable collagen —

untreated skin Samples n Average (%) Minimum (%) Maximum (%)

Before 9 9.0332 3.1536 14.8390

After 3-month follow-up 9 9.1597 2.9664 15.0923

nonablative lasers, high intensity focused ultra-
sound, and RF from unipolar to multipolar. They
are all used to heat the skin. By heating to 40-45°
Celsius, heat initiates a repair mechanism laying
down new collagen. New collagen production is
induced resulting in tightening of the skin. Higher
temperatures, in the 65° range, will denature colla-
gen and cause contraction. In many devices, there
is little evidence that the expected results really can
be achieved. It is difficult to heat the dermis to a
temperature that is effective and still maintain safe
temperatures for the skin surface. If a critical tem-
perature is not reached, no stimulation of collagen
results. So, there is a desire to prove the efficacy of a
new technology, as it was done for the device used
in this study. Our findings are supported by similar
results in other studies. One study quantitatively
examined the effects of monopolar RF treatment
on in vivo rabbit dermal collagen fibrils and the
dermal response in six RF groups that underwent
two passes of RF treatments (10 and 20 W). After
monopolar RF treatment, the rabbit skin clearly
showed changes in the collagen network structure,
whereas normal group showed tangled nano-
structures. Monopolar RF treatment leads to
underlying collagen contracture and promotes
new collagen formation. A multi-pass treatment of
low-energy RF led to the highest contraction of col-
lagen fibrils at the nanostructural level, compared
with a single pass of high-energy RF (6). Another
study histologically demonstrated that type I and
IIT collagen increased significantly in the dermis
after mRF treatment. The amount of stem cells did
not affect the increase in collagens (7).

Conclusion

The aim of this study was to prove efficacy of the
monopolar RF device on the collagen remodeling

of a Vietnamese pig’s skin. The value of collagen
structures in the samples elevated from the average
of 9.0% before the therapy to 25.9% after the
3-month follow-up period compared with no
change in samples of untreated areas. The statisti-
cal significance test was calculated as p = 0.018
(predetermined significance level was set to
p<0.05), meaning that the efficacy of the treatment
to the collagen improvement and remodeling is
considered as significant.
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1 | INTRODUCTION

Biomechanical properties of the vaginal wall are defined by elas-
tin and collagen fibers produced by fibroblasts or fibrocytes, the
cells which are able to synthesize the cellular matrix.! Over a life-

time, a woman's vaginal wall tissue will lose elasticity and stretch

Abstract

Background: Structural changes in collagen and elastin fiber density have been previ-
ously evaluated by qualitative histological studies; however, quantitative evaluations
are lacking.

Aim: To evaluate quantitative changes in collagen and elastin fibers in the vaginal wall in
a porcine model after volumetric radiofrequency heating with an intravaginal applicator.
Methods: An animal model was used (domestic pig, multipara: 5.67 + 0.94 deliveries,
3 years of age). Three pigs under general anesthesia were treated (8-minute, vaginal canal
area) once per week for the course of three weeks. There were 2 follow-up evaluations
at one and four weeks. Histology specimens were obtained via punch biopsy under ultra-
sound control. Ultrasound video measurements of the vaginal wall thickness were also ob-
tained. Tissue samples were stained by H&E as well as stains for collagen and elastin fibers.
Results: Elastin (P < .001) and collagen (P < .01) fiber density increased after every
treatment. The measured increase in fibers was highest at the one-week follow-up.
Elastin accounted on average for 51.46 + 16.86% of the tissue examined (increase of
36.8% points), while collagen accounted on average for 44.83 + 18.92% (increase of
17.1% points). The number of synthetically active cells was increased by 16%. While
vaginal wall thickness did show an increase of 1.66 mm (32%), this tendency was not
statistically significant (P > .05).

Conclusion: Results suggest that volumetric heating of vaginal tissue produced
guantitative improvement in the connective tissue organization in a porcine study.
Neocollagenesis and neoelastogenesis were observed with an increased number of

synthetically active cells.

KEYWORDS
histology, intravaginal, neocollagenesis, neoelastogenesis, radiofrequency volumetric heating

as a result of decreases in both collagen and elastin fibers. Factors
that contribute to this loss of elasticity and stretch include vagi-
nal childbirth, hormonal changes caused by menopause, or age-re-
lated alternations of connective tissue.r® Additionally, thinning of
vaginal epithelium, changes in vaginal microflora, and pH are also

observed.*>

J Cosmet Dermatol. 2019;00:1-6.
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These alternations in connective tissue organization may also
lead to health and psychological issues associated with the urinary-
reproductive system. Women may experience dissatisfaction during
sexual activity and incontinence issues.® These issues have gener-
ated interest from patients to search for options to reduce symp-
toms and restore vaginal integrity.

Historically, the options available for patients were surgical,

3 Dissatisfaction due

topical, or involved systemic medications.
to expense, postoperative pain, or temporary results from topical
treatments has contributed to the development of new therapeu-
tic options. Currently, there are numerous radiofrequency and laser
energy-based noninvasive devices targeting vaginal mucosa for
rejuvenation.®*

Nonablative radiofrequency (RF) devices produce heat in the
range of 40-45°C to stimulate fibroblasts within the treated tissue.
Activation of fibroblasts by RF energy induces synthesis of new col-
lagen and elastin fibers (neocollagenesis and neoelastinogenesis®’)
as well as cellular matrix, and they result in increased vaginal integ-
rity. One advantage of nonablative RF treatment compared to frac-
tional laser treatments for vaginal rejuvenation is no downtime is
required.

Laser devices (CO, and Er:YAG) induce changes in vaginal tissue
through inflammation and wound healing resulting from vaporiza-
tion of extracellular water in treated tissue. Utilizing fractional beam
technology, laser devices are able to create microzones of tissue in-
jury, separated by intervening areas of untreated tissue, which has-
tens its reu:overy.Z'4

While the effects of RF energy on collagen fiber distribution in
skin have been described and quantified by previous research,”®
there is no available scientific literature, detailing quantitative
changes in both collagen and elastin following intravaginal RF treat-
ments. Existing histology studies have evaluated only qualitative
changes in collagen density, or distribution and activation of fibro-
blast cells.? A quantitative assessment might provide insight into the
physiological response of vaginal tissue to RF-induced heating.

The objective of this veterinary study was to describe quanti-
tatively the changes in collagen and elastin fibers organization in
vaginal tissue after RF volumetric heating delivered as series of con-
secutive treatments. To comprehensively monitor this dynamic pro-

cess, the vaginal tissue will be examined after the each appointment.

The domestic pig multipara vaginal model was used due to its simi-
larity to human loose vaginal tissue and has advantages over sheep

because of regional anatomic differences in collagen content. 101

2 | MATERIALS AND METHODS

The veterinary study protocol was approved by the Institutional
Animal Care and Use Committee, and the Ethics Committee for
Animal Protection of the Ministry of Agriculture of the Czech
Republic. The study was carried out in an animal house, and re-
sults were processed in laboratory (Veterinary Research Institute,
Brno, Czech Republic), which operates in accordance with Good
Laboratory Practices standards. All procedures were performed
under standard general anesthesia and appropriately monitored by
licensed veterinary physicians.

Radiofrequency treatments were administered once per week
for 3 weeks, with 1-week and 1-month follow-up evaluations.
Radiofrequency energy was applied using the Exilis Ultra 360 intra-
vaginal applicator (BTL Industries Inc) which delivers 360° radial en-
ergy distribution. Treatments were performed on the proximal-mid
vaginal canal area while the operator was manually and slowly mov-
ing the applicator back and forth to ensure that treated tissue will
be heated uniformly. Treatment time of each session was 8 minutes.
Therapy parameters were set according to the manufacturer's recom-
mendation (energy setting at 60 units with duty factor set at 80%).
The delivery of real power depends on the impedance of treated tis-
sue. Treatment device has an impedance compensation system which
controls, or tunes, the current supply and enables the consistent de-
livery over the entire area.

Vaginal wall biopsies (approximately from 3 to 7 cm from the vag-
inal introitus) were obtained for histological evaluation after each
treatment and at each follow-up session using punch biopsy modi-
fied for intravaginal mucosal biopsy (4 x 8 mm Eppendorf vaginal for-
ceps for cervical biopsy in humans). To ensure vaginal tissue is intact
during the delivery of RF energy, no sampling preceded treatment.
The biopsies were taken in order to minimize tissue damage while
including epithelium, lamina propria, and partially also the muscular
layer. All biopsy specimens were taken under sonography control, at

least 1 cm apart, while the consecutive biopsies were always taken
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FIGURE 1

lllustrative description of sampling. There were five biopsies in each pig (after 1st, 2nd, and 3rd treatment and both follow-up

sessions) spaced at least by 1 cm, taken under sonography control from the area distant up to 7 cm from introitus. The consecutive biopsies
were taken from the opposite side of healthy tissue, cross-sectional view on the left side and horizontal section on the right



KENT ano BERNARDY

3
E e

TABLE 1 The average amount of collagen and elastin fibers and the number of synthetically active cells (mean + SD) after each treatment

(Tx) and follow-ups (FU)

Measurement 1st Tx 2nd Tx

Collagen fibers (%) 27.70 £ 6.03 36.02+7.82
Elastin fibers (%) 14.62 +8.97 37.82 +15.37
Number of cells (-) 1504.60 + 775.48 1624.18 + 1069.14

from the opposite side of intact and healthy tissue to avoid the risk
of inappropriate sampling as well as the impact on histological prop-
erties (Figure 1). One biopsy specimen was obtained from each pig
at each sampling point.

Specimens were preserved in 10% buffered formalin solution,
embedded with paraffin wax, and finally sectioned to 5-pm-thick
slices by using microtome. For further examination, the slices
were stained for detection of collagen (trichrome), elastin (orcein),
and nuclei of fibroblasts and fibrocytes (eosin). Fifteen unique
slices from one biopsy were obtained for evaluation of each quan-
tity per sampling (N = 45 measurements in total pear each time
point). Slices were distributed under random numbers to the two
skilled evaluators. Each slice was computationally processed by
NIS-Elements version 4.5 software and evaluated according to
the selected regions of interest (ROI) with respect to lamina pro-
pria. Size of ROl ranged from 0.5 to 0.7 mm?. The percentage of
collagen and elastin fibers was determined, as well as the over-
all number of synthetically active cells (nuclei of fibroblast and
fibrocytes).

A domestic pig (N = 3, in average 5.67 + 0.94 deliveries) multi-
para vaginal model which should represent the atrophic changes in
vaginal tissue (decreased amount of collagen and elastin, thinner ep-
ithelium, etc) was used. All 3 pigs were in good health conditions, in-
dividually housed, environmentally monitored, and fed by complete
cereal diet for swine.

The primary data points of the study were to identify quanti-
tatively changes in collagen and elastin fibers produced in vaginal
tissue, as a response to treatment. The secondary outcome was to

assess ultrasound video measurement of the pig's vaginal wall to
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FIGURE 2 Elastin content (mean + SD) measured after the
therapies and at the follow-ups. The highest amount of elastin
fibers was observed at the 1-wk follow-up

3rd Tx 1-wk FU 1-mo FU
42.69 +15.80 44.83 +18.92 38.57 +10.55
41.86 +22.97 51.46 + 16.86 51.07 + 15.14
1782.17 + 480.97 554.00 + 104.60 696.40 + 262.96

performed on each swine and administered in the same time frame
as treatments, immediately after each therapy, and at both follow-
ups using GE LOGIQ e machine (intravaginal gynecology transducer,
4-10 MHz). Safety of the therapy was documented by observation of
possible adverse events such as swelling and different composition
of vaginal wall thickness. Additionally, an external examination has
been performed (eg, redness of external genitalia, frequent urina-
tion, and hunched back posture).

The variance between individual measurements was tested
using the repeated-measures ANOVA. Post hoc analysis was per-
formed by the Tukey-Kramer method to identify the differences
between measurements separately. Statistical significance of vagi-
nal wall thickness measurements was verified by the nonparametric
Friedman test. The analysis was performed with significance level a
set at 5% for all the used statistic tests.

3 | RESULTS

After the first measurement, we observed 27.70 * 6.03% of colla-
gen and 14.62 + 8.97% of elastin fibers in average in the specimens,
while there were 1504.60 + 775.48 fibroblast and fibrocytes nuclei
counted. The summarized results obtained during the course of
study from all animals are shown in Table 1. Visualization of these
results is shown in Figures 2, 4, and 6.

The average percentage of elastin fibers showed increase after
each treatment session (Figure 2). The highest amount of elastin
content in the specimens was observed at the first follow-up visit,
when elastin on average accounted for 51.5% of the studied area.
At both follow-up visits, the elastin content remained at a stable
maximal value of 51%. In comparison with the first measurement,
there was an overall 36.8% point increase in the elastin fiber amount
at the last follow-up visit. The changes were statistically significant,
with P < .001. An illustration of increased amount of elastin fibers is
shown in Figure 3.

Similar results were obtained by analysis of collagen content,
with P < .01 (P = .0067). After each treatment session, the average
percentage of collagen fibers increased compared to the previous
measurement (see Figure 4). The highest amount of collagen con-
tent was measured after the first follow-up. It was nearly 45% of the
studied area. In comparison with the first measurement, this rep-
resents increase of 17.1% points. At the 1-month follow-up, a slight
decrease in collagen fiber amount was observed, with the average
dropping to 38.5%. lllustration of increased amount of collagen fi-
bers is shown in Figure 5.
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FIGURE 3 Comparison of elastin amount after the 1st
treatment (left) and 1-mo follow-up (right), orcein staining. There
was observed 37% point increase in elastin content (from 18% to
55%). Average increase at the 1-mo follow-up was 36.5% points
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FIGURE 4 Collagen content (mean * SD) as measured after the
therapies and at the follow-ups. The highest amount of collagen
fibers was observed at the 1-wk follow-up

Histological assessment of the synthetically active cells showed
a statistical significant change in their average number between
tissue stimulation and follow-up (P < .001). The highest number of
cells was presented in the specimens taken immediately after the
last treatment. There was an average 278 (increase of 16%) newly
observed nuclei between the first (1504 nuclei) and third (1782 nu-
clei) measurement. At the follow-up visits when the tissue was not
stimulated, we observed nearly three times fewer nuclei (average
change of 288% compared to the 3rd measurement). The number of
observed nuclei was constantly increasing during the course of the
treatment (Figure 6).

Figure 7 shows a visible increase in the vaginal wall thickness,
measured by ultrasound. These data were obtained by measurement
of pig number 2. The results show a maximal increase in the vagi-
nal wall thickness by 1.66 mm (32%) one week after the 3rd ther-
apy. At the 1-month follow-up, the improvement slightly decreased
to 1.28 mm (24%). However, in general the results of ultrasound

FIGURE 5 Comparison of collagen amount after the 1st
treatment (left) and 1-mo follow-up (right), trichrome staining.
There was observed 17% point increase in collagen content (from
26% to 43%). Average increase at the 1-mo follow-up was 10.9%
points
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FIGURE 6 Number of cell nuclei (mean + SD) measured after
the therapies and at the follow-ups. The highest number of cells
was observed after the 3rd treatment
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FIGURE 7 Vaginal wall thickness measurement. It was
measured 32% increase at the 1-week follow-up in pig No. 2 and
24% increase at the 1-mo follow-up, respectively
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FIGURE 8 Comparison of vaginal wall
thickness after the 1st treatment (left)
and 1-month follow-up (right), trichrome
staining. Epithelium is visibly thicker after
3 treatments. Lamina propria shows a
denser arrangement of connective tissue

measurement of vaginal wall thickness did not show statistical sig-
nificance (P > .05). Visible increase in epithelium in studied speci-
mens is shown in Figure 8.

No adverse events were observed during or post-treatment with
any of the treatment subjects.

4 | DISCUSSION

This study provided quantitative documentation of an increase in
collagen and elastin content produced in the vaginal tissue of a do-
mestic pig. Results of this veterinary study are thought to be compa-
rable to the physiological response of human vaginal tissue, due to
the biological similarities in vaginal tissue composition.°

We documented that RF intravaginal treatment demonstrated
a statistically significant increase in collagen and elastin density
and increased number of fibroblast and fibrocyte nuclei in domes-
tic pigs’ vaginal tissue. The RF treatments resulted in increased
amounts of both collagen and elastin. As can be seen in Figure 3
and Figure 5, at follow-up the lamina propria appears to be more
compact with a denser arrangement of fibers. Similarly, the im-
provement in mucosal architecture with denser lamina propria
was also observed in the human patients who received Er:YAG
treatment.®

Directly after each RF treatment, an increased amount of
synthetically active cells in the upper layers of the vaginal wall
was documented. The results imply that activation and recruit-
ment of the synthetically active cells are possibly linked to the
application of RF-induced heating. This might be explained by the
local accumulation of fibrocytes, the circulating spindle-shaped
cells which contribute to the tissue remodeling due to their rapid
recruitment.’? In addition, after the adequate stimulation, fibro-
cytes revert to the fibroblast state, characterized by enhanced
synthetic activities. As a result, the neocollagenesis and neo-
elastogenesis are triggered due to the micro-inflammatory stim-
ulation of synthetically active cells.}>*® The largest increase was
observed after the last treatment (see Figure 6) as there were an
average 1782 cells in examined samples. This cellular increase
is likely responsible for the early increment of the collagen and

elastin fibers. These new fibers are essential for enhanced vaginal
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wall tightness and improved strength.!* At follow-up evaluations,

there was no stimulation of vaginal tissue, and fewer cells were
present. Although fewer cells were observed, the results showed
that basis for collagen and elastin fiber formation had been al-
ready laid during the course of treatment sessions. At the 1-month
follow-up, the amount of elastin content was maintained, while
collagen amount showed slight decrease yet still substantially el-
evated levels.

de Landsheere et al' suggested that the density of elastin fibers
is primarily responsible for the vaginal wall stiffness. This relation
between the density of fibers and rigidity of the tissue was most ev-
ident when evaluating lamina propria layer compared to other layers
of vaginal wall. Results obtained by the histological examination re-
vealed an average 36.8% point increase in elastin fibers when com-
pared to the first measurement. Due to similarities in both porcine
and human vaginal wall anatomies, one can infer that human vaginal
tissue should demonstrate increased vaginal wall stiffness due to
synthesis of elastin fibers (besides neocollagenesis).

Some of the achieved results visualized in Figures 2, 4, and 6
showed a certain amount of variability, which is expressed by the
standard deviation. This is most probably caused by preparation
of samples to computational examination and complicated proce-
dure workflow. Prior the ROI selection, the samples must be fixed
in formaldehyde, embedded in paraffin, cut into slices, and stained.
The software-based evaluation depends also on the operator-de-
pendent selection of ROI.

Data set obtained from the ultrasound measurements of vag-
inal wall thickness was not large enough to document the statis-
tical significance despite an increased measurement. There was
observed visibly thicker and more cellular vaginal epithelium as it
is shown in Figure 8. At the 1-month follow-up, the well-developed
larger epithelial cells with greater amount of cytoplasm content
are noticeable in comparison with the smaller and rounder cells
with less cytoplasm observed after the 1st treatment. The maxi-
mal measured increase in vaginal wall thickness was 32% 1 week
after the last therapy and 24% at the last follow-up (see Figure 7).
No measurements of vaginal wall thickness were obtained from
biopsies to correlate these findings as specimens did not include
the muscular layer of the vaginal wall in full, the adventia layer was

not assessed as well.
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documented by previous animal and human histological studies, but
only qualitative changes in its composition were evaluated.>4%%5%?
Therefore, it is difficult to compare the efficacy of individual treatments.
Furthermore, according to Vos et al’ it is gentler toward the tissue to
use a nonablative source of energy rather than high-energy, ablative
devices. Tissue is stimulated gradually without interruption of the ep-
ithelial surface in contrast to reparative healing of the ablated tissue.

Findings of previously published studies have confirmed that treat-
ments by energy-based devices (RF and lasers) lead to activation of
fibroblasts, production of new extracellular fibers, and overall changes
in density. According to patient self-evaluation from human histologi-
cal studies, the achieved remodeling of the vaginal tissue results in tis-
sue tightening, significant improvement of the vaginal wall relaxation,
and an increased comfort during sexual intercourse.®

The major limitation of this study is absence of baseline evaluation.
Prior to the experiment setup, sampling was broadly discussed by the
operating team. While the vaginal tissue is rich on the capillary net-
work, we decide to not obtain samples before the therapy to prevent
any possible influence of the results and by blood effusion. Therefore,
herein published results document only the post-treatment changes in
vaginal tissue including its composition and viability. Besides the base-
line evaluation, the future studies might also include longer follow-up
observation to examine the durability of the increased elastin and col-

lagen amount in porcine vaginal wall.

5 | CONCLUSION

This study quantitatively documented the ability of volumetric radi-
ofrequency heating by the Exilis Ultra 360 intravaginal applicator to
remodel vaginal tissue in a domestic pig model. Neocollagenesis and
neoelastinogenesis were observed along with increased number of
fibroblasts and fibrocytes as a response to treatment. Vaginal wall
thickening, which was documented by the ultrasound measurement,
was not statistically significant. Further studies focused on measur-
ing vaginal wall thickness following RF therapy are required to verify

this upward tendency.
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1 | INTRODUCTION

Summary

Background and objectives: Growing demand for noninvasive skin tightening and
reduction in fat results in an increasing pressure for devices with good clinical effi-
cacy, consistency of results, and high patient comfort. The objective was to validate
clinical efficacy and versatility of a novel device, which combines radiofrequency
(RF) and ultrasound for treating skin laxity and fat deposits.

Methods: We treated 34 subjects with facial skin laxity and/or abundant body or
arm fat deposits. Subjects were divided based on their indications. Ten subjects
received treatments to the face, 7 subjects to arms, 8 subjects to thighs, and 9 sub-
jects on abdomen. All patients received 4 treatments on a weekly basis. Photographs
of patients were assessed by blinded evaluators to recognize the baseline images
from the 3-month follow-up images. Patient comfort and satisfaction were evaluated
using a 5-point Likert scale questionnaire. Any adverse events were recorded.
Results: Patient images were correctly recognized in >90% of cases in all study
groups. Patient questionnaires showed overall satisfaction with the therapy course
and results. On a scale of 1 to 5, the patients agreed (4.1) that they are satisfied
with the results that the treatment is comfortable (4.1) and that they are satisfied
with the treatment time (4.1). No adverse events were reported.

Conclusions: Consistent clinical efficacy was confirmed across all the treated areas,
together with high patient comfort and satisfaction. We conclude the device is a highly

versatile solution that can deliver results across body parts and different indications.

KEYWORDS
body contouring, non-invasive, radiofrequency, skin laxity, ultrasound

primarily include ultrasound, radiofrequency (RF), and various cooling
and light-based devices.!3

Ever growing demand for safe and effective devices for noninvasive Radiofrequency has been used in medicine for many years to
body skin tightening and reduction in fat has dramatically risen over ablate tissue. Oscillating electrical current is created by the RF,
the last decade. Various modalities have been developed to target which induces collisions between charged ions and molecules in the

subcutaneous tissue as well as deeper layers of adipocytes. These

tissue, resulting in generation of heat.*®> The biological effects of

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
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tissue heating vary, depending on the frequency used, depth of
delivery, and selectivity achieved with skin cooling.

Radiofrequency can also be used to heat and destroy fat. Heat-
ing of adipocytes with RF increases adipocyte apoptosis as well as
lipase-mediated enzymatic degradation of triglycerides into free fatty
acids and glycerol.®

Ultrasound utilizes mechanical compression or sound waves
above the audible range and is characterized by its frequency and
intensity. Waves propagate through the tissue causing molecules to
oscillate. This mechanical effect can translate into heat in a similar
way to RF.

The appearance of the face and neck is profoundly affected dur-
ing the aging process. There is decreased tissue elasticity coupled
with changes in facial volume, that is, compounded by the effects of
gravity.” RF treatment of skin produces temporary shrinkage of col-
lagen fibers and stimulates new collagen and elastin production. The
amount of tissue contraction and remodeling is dependent upon the
maximum temperature reached, the length of time the temperature
is maintained, and the conductivity and age of the tissue. RF medi-
ated thermal stimulation of the dermal matrix comprised of collagen,
elastin, and ground substances results in an immediate change in the
helical structure of the collagen.?

The investigated device (BTL Exilis system, BTL Industries) com-
bines RF and ultrasound in each of the system’s two applicators
designed for a wide range of facial and body treatments. The ultra-
sound component is intended to alter the impedance of the tissue,
increase cell permeability, and allow for better penetration of the RF
energy to deeper layers. The manufacturer has also recently adjusted
the facial applicator tip, which now emits the energy in a 360° man-
ner. This allows delivering more energy to the tissue and helps treat
therapeutically problematic areas such as periorbital zone very close
to the eyes.

It is the purpose of this study to investigate the clinical versatility
of the device stemming from its novel design, as most published
studies on the efficacy of noninvasive RF procedures are based on

treating subjects on a single body area only.

2 | MATERIALS AND METHODS

Our study enrolled 29 female and 7 male subjects with 34 com-
pleted. Two subjects did not finish the treatments for reasons not
related to the study. Subjects were between 33 and 60 years of age
(average 43) who exhibited mild-to-moderate laxity in the face and/
or abundant abdominal, thigh or arm fat deposits. Based on the pres-
ence and severity of their indications at baseline, subjects were
divided into 4 groups: Group A (10 subjects) was treated for facial
laxity, Group B (7 subjects) was treated for fat deposits in arms,
Group C (8 subjects) was treated for fat on thighs, and Group D (9
subjects) was treated for abdominal fat.

All subjects received 4 treatments administered 7 (2) days apart
using the monopolar RF and ultrasound system. Standard treatment
protocols were used and were as follows: 45 minutes per treatment

with the starting energy setting of 90 units for facial skin laxity
treatment (full face), 30 minutes per treatment with the starting
energy setting of 80 units for arm fat, 30 minutes per treatment
with the starting energy setting of 100 units for fat in thighs, and
20 minutes per treatment with the starting energy setting of 120
units for abdominal fat treatment. The power settings were titrated
based on the subject’s verbal response for heat tolerance.

The face treatment was administered as follows: (i) from frontal
area to periorbital area, (ii) from submalar region to mandible, (iii)
submentum to midline. The fat deposits treatment was administered
using slow circular motion across the entire treated area. Tempera-
ture of the skin was maintained at 42-43°C during every treatment,
monitored using an external infrared thermometer. No topical anes-
thetics or oral pain medications were used.

Subjects were consented and had their medical histories taken.

The primary objective was to assess treatment efficacy using
blinded expert evaluation of digital images. Photographs of appropri-
ate areas were taken, and hard copies were generated on a 4" x 6"
sized paper for printing at 300dpi resolution or higher. Images were
randomly re-numbered, and evaluators scored each photograph as
“B” for BEFORE and “A” for AFTER. The evaluation was statistically
analyzed.

The secondary objective was to validate clinical efficacy across
all the treated areas based on subjective patient satisfaction. A 5-
point Likert Scale survey was completed at the 3-month follow-up
and included the following questions: (i) | was satisfied with the
treatment results; (ii) | found the treatment comfortable; (iii) | was
satisfied with the overall treatment time. Patients rated their level of
agreement with these claims using the following possible answers:
strongly agree (5) — agree (4) — undecided (3) — disagree (2) — strongly
disagree (1).

3 | RESULTS

3.1 | Evaluation of photographs

Photo assessment by blinded expert graders resulted in a total
recognition rate of 92.16% (weighted arithmetic mean). This repre-
sents a very low percentage of nonresponding patients. Images
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FIGURE 1 Recognition rate of aesthetic improvement in the
treated area as per reviewers' evaluation
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FIGURE 2 Example of patient images
taken at baseline and 3 mo after the last
treatment

FIGURE 3 Example of patient images
taken at baseline and 3 mo after the last
treatment
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TABLE 1 Patient satisfaction questionnaire average scores (5 — strongly agree, 4 — agree, 3 — undecided, 2 — disagree, 1 — strongly disagree)

Q1: | was satisfied with
the treatment results

Group A — Facial treatments (10 subjects) 4.30 (+0.78)
Group B — Arm treatments (7 subjects) 4.00 (+1.07)
Group C — Thigh treatments (8 subjects) 4.13 (+1.05)
Group D — Abdominal treatments (9 subjects) 4.11 (+0.74)
Total study average 4.15 (£0.91)

taken at the baseline were compared to images taken 3 months after
the last treatment, and blinded evaluators successfully recognized
93.33% of facial B&A photographs, 90.48% of arms B&A pho-
tographs, 91.67% of thighs B&A photographs, and 92.59% of
abdominal B&A photographs (all arithmetic mean). See Figure 1. Of
the 34 patients: In 79% of cases (27 subjects), all three evaluators
recognized the pictures; in 18% of cases (6 subjects), two of three
evaluators succeeded; images of one patient (thigh group) was only
recognized by one evaluator. See Figures 2 and 3, for examples, of

patient images.

3.2 | Patient satisfaction survey

Results obtained from patient questionnaire showed overall satisfac-
tion with the therapy course and results. In general, the patients
agreed (4.1) that they are satisfied with the therapy, agreed that the

Q2: | found the treatment Q3: | was satisfied with

comfortable the overall treatment time
4.20 (+0.75) 3.80 (+0.98)
3.71 (+0.88) 4.14 (+0.35)
4.00 (+0.71) 4.13 (+0.78)
4.22 (+0.63) 4.33 (+0.82)
4.06 (+0.76) 4.09 (+0.82)

treatment is comfortable (4.1) and that they are satisfied with overall
treatment time (4.1). The standard deviation across all the groups
averaged +0.83 points. This shows relatively high consistency of
patients’ responses. See Table 1 for detailed results.

3.3 | Safety

No adverse events were observed during the study. Several subjects
reported side effects including temporary skin redness and/or mild

swelling, which resolved within 1-2 hours after the treatment.

4 | CONCLUSION

Most studies on noninvasive skin tightening and body shaping
present results after treating one specific body part of the enrolled



CHILUKURI ET AL.

Journal of
Cosmetic Dermatology

‘1 wiLey-IEB

subjects. The goal of our study was to validate whether the novel
investigated device delivers clinical versatility in terms efficacy,
safety, and patient satisfaction when treating various indications
across different body areas. We treated 34 subjects for facial skin
laxity and body fat deposits and followed them for 3 months.

The treatment efficacy was assessed from pre and posttreat-
ment photographs scored by three blinded evaluators. Statistical
analysis of the study results has confirmed aesthetic improvement
in the treated indications with a high rate of responding patients,
and consistency among all the treated body parts and indications
(none of the patient groups had the average recognition rate
below 90%). All patients tolerated the treatments well with no sig-
nificant posttreatment pain or clinical signs of skin damage. Effi-
cacy was also confirmed by results from the patient satisfaction
questionnaire. Patients noted comfortable treatments with overall
satisfaction with the treatment results and treatment time. No
adverse events during the 90-day follow-up were observed. We
can thus conclude that both objectives of the study were met
with success.

Treatments using the investigated device produce a reduction in
skin laxity and fat deposits without any significant complications.
The study showed a very low percentage of nonresponding subjects.
During the treatments, we used maximum energy settings, which
were still within the range recommended by the manufacturer.
Despite this fact, our patients reported high levels of comfort and
experienced no or very little side effects. It is unclear if such efficacy
coupled with high comfort is a direct effect of the additional ultra-
sound component and/or the redesigned applicator tips. This should
be investigated further in future studies.
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laxity driven by changes in collagen and elastin fibers. This causes a loss of strength

Correspondence and flexibility within the vaginal wall. As a result, women may experience lack of
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Email: drshel@drshel.com urine associated with activities that cause an increase in intra-abdominal pressure

sensation and stress urinary incontinence (SUI)—the condition of involuntary loss of

(eg, sneezing, coughing, and lifting). Both vaginal laxity and urinary incontinence sig-
nificantly affect patients’ quality of life (QoL).

The aim of this study was to evaluate efficacy and safety of a noninvasive radiofre-
guency device when used to treat SUI and vulvo-vaginal laxity through its heating
effect which stimulates collagen and elastin fibers.

Methods: Twenty-seven women (average age 44.784+10.04 years) with indications
of mild/moderate SUI as well as vulvo-vaginal laxity were treated with a monopolar
radiofrequency device. The treatment course consisted of three once-a-week ses-
sions. Each session included intravaginal treatment followed by treatment of labia
majora and the perineum.

Improvement in the SUI condition was evaluated by applying the International Con-
sultation on Incontinence Questionnaire - Urinary Incontinence Short Form (ICIQ-UI
SF). Data were collected at the baseline, after the last treatment and at 1-month fol-
low-up visit.

Vaginal laxity was assessed by subjective vulvo-vaginal laxity questionnaire (VVLQ).
Data were collected before the 1st treatment and during the 1-month follow-up
visit.

Patient’s satisfaction was recorded using a satisfaction questionnaire. Data were col-
lected after the last treatment and at the 1-month follow-up visit. Any adverse
events related to the treatments were monitored.

Results: On a scale of O to 5, the average frequency of urine leak improved from
“2-3 times a week” (2.154+1.03 points prior to treatment) to “once a week”
(1.0040.78 points post-treatment), and on to “never” (0.444+0.51 points at the 1-
month follow-up visit). Sixteen subjects (59.3%) reported decrease in the amount of

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© The Authors. Journal of Cosmetic Dermatology Published by Wiley Periodicals, Inc.
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leakage, with 15 women (55.6%) becoming completely leak-free at the 1-month fol-
low-up. At the 1-month follow-up visit, 24 subjects (88.9%) expressed their condi-
tion's interference with everyday life decreased and 17 patients (62.9%) said the
condition did not interfere with their everyday life at all as a result of the treatment.
All results are statistically significant (P<.05). No adverse events were recorded.

All subjects reported improvement in vaginal laxity, from average perception of “very
loose” (2.19+1.08 points prior to treatment) to “moderately tight” (5.7440.76 points
at the 1-month follow-up visit).

During the follow-up visit, 89% of the patients “agreed” or “strongly agreed” that
their SUI condition improved, and 93% of the patients “agreed” or “strongly agreed”
that their gratification during intercourse improved. None of the subjects reported
dissatisfaction.

Conclusion: The study confirmed the monopolar radiofrequency method as an
effective and safe treatment of SUI and vulvo-vaginal laxity. The treatments were

KEYWORDS

1 | INTRODUCTION

Stress urinary incontinence (SUI) is a condition of involuntary urine
leakage from the urethra considered to be a hygiene and/or social
problem.! Statistical data show that the most affected part of the
population are women, with approximately 35% of all women world-
wide affected.

Urinary incontinence (Ul) is frequently linked to vulvo-vaginal lax-
ity, which encompasses laxity of both the vaginal introitus and labia
majora. This condition is most commonly linked to sexual dissatisfac-
tion due to limited friction, feeling of looseness, and orgasmic dys-
function; all leading to lower sexual gratification during intercourse.
Both of these conditions lead to a decreased quality of life (Qol)
including social isolation, decreased self-confidence, and lower sexual
gratification during intercourse.?®

The major risk factors for the development of SUI and vulvo-vagi-
nal laxity include childbirth, advancing age, hysterectomy, recurrent
urinary tract infections, smoking, medications such as diuretics, seda-
tive-hypnotics and alpha blockers, the presence of comorbid diseases,
and excessive weight.2*¢ The conventional methods for treating this
condition include medications, pelvic floor muscularity strengthening
(exercising and/or electro stimulation), surgical procedures, and life-
style changes (such as quitting smoking or losing weight).””

Radiofrequency (RF) is one of the more innovative approaches to
treating SUI and vulvo-vaginal laxity. It has gained significant popular-
ity in recent years due to its noninvasiveness, absence of adverse
events, and fast results. The mechanism of action is based on elevating
the temperature of the treated tissue to initiate biological changes.
RF-generated heat stimulates the tissue matrix of collagen, elastin, and

ground substances and results in immediate change in the helical

well tolerated by all subjects with no adverse effects.

extra-vaginal, intravaginal, labia majora, noninvasive tightening, perineum, radiofrequency,

sexual gratification, SUI, urinary incontinence, vaginal laxity, vulvar laxity

structure of the collagen. Additionally, neocollagenesis and neoelasto-
genesis are triggered due to micro-inflammatory stimulation of fibrob-
lasts.2C It is also believed that the production of sex steroid precursor
dehydroepiandrosterone (DHEA) is activated. DHEA supports estro-
gen production in the vulvo-vaginal cells which plays a big role in reju-
venating and stimulating the vaginal tissue and collagen.

The aim of this study was to investigate the efficacy and safety
of a monopolar radiofrequency device for transvaginal treatment of
SUI and vulvo-vaginal laxity.

2 | MATERIALS AND METHODS

2.1 | Participants

Twenty-seven women aged between 28 and 66 (mean age
44.78410.04 years) participated in this nonrandomized, prospective,
multicentric study. Only subjects who experienced mild-to-moderate
stress urinary incontinence (minimum level 1 in the frequency of
leakage based on ICIQ-Ul SF form, ie, experiencing leakage at least
once a week) and vaginal laxity (maximum level 5 of vulvo-vaginal
laxity based on VVLQ questionnaire, ie, defined as no more than
“slightly tight”) were enrolled. Prior to the study, 19 subjects (70.4%)
evaluated their vulvovaginal tightness as “moderately loose” or “very
loose,” 18 subjects (66.7%) reported they leak urine at least two or
three times a week. Twenty-six subjects (96.3%) had a history of at
least one prior delivery. The exclusion criteria included the following:
abnormal cell cytology; positive urine culture; bleeding in the vulvo-
vaginal area; pregnancy or breastfeeding; metal implants; unwilling-
ness or incapability to complete the entire study protocol; any other
contraindication listed by the device manufacturer. All patients were
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consented. The study was approved by an independent ethics

committee.

2.2 | Therapy provision

The therapy course consisted of three once-a-week (£ 2 days) treat-
ment sessions with monopolar radiofrequency device (Exilis Ultra
360, BTL Industries Inc., Boston, MA). Each treatment session con-
sisted of an intravaginal and subsequent extra-vaginal treatment. For
intravaginal treatment, the starting power was set to 30 points and
80% duty factor. The intravaginal tip was applied to the mucosal sur-
face of the vaginal introitus behind the hymenal ring, was moved
deeper inside the vaginal canal to a depth of approximately 10 cm
over the course of 2.5 seconds, and then was moved back to the
vaginal introitus over the course of the next 2.5 seconds. This repet-
itive movement continued for 5 minutes. The energy was adjusted
based on patient’s feedback. For extra-vaginal treatment, the initial
power was set to 90 points and 100% duty factor. The extra-vaginal
tip was applied to the labia majora using slow circular motions for
3 minutes on each side; the energy was adjusted based on patient’s
feedback. Then the extra-vaginal tip was applied to perineum using
slow circular motions for 3 minutes; the energy was adjusted based
on patient’s feedback.

2.3 | Outcome measures and statistic evaluation

The SUI condition was assessed by applying the standardized Inter-
national Consultation on Incontinence Questionnaire - Urinary Incon-
tinence Short Form (ICIQ-Ul SF).** Data were collected before the
first, after the third (last) treatment and during the 1-month follow-
up visit. Average improvement was calculated.

Vaginal laxity was assessed by nonstandardized subjective vulvo-
vaginal laxity questionnaire (VVLQ) using 7-point Likert scale (BTL
Industries Inc.). Data were collected before the first treatment and
during the 1-month follow-up visit. Average improvement was calcu-
lated.

All outcome data were tested for statistical significance by means
of t test, where levels of P<.05 were deemed statistically meaningful.

Patients’ satisfaction with the treatment results was evaluated
using a 6-point Likert scale satisfaction questionnaire. The question-

naire consisted of the following statements: (1) “My Ul has been

improved” and (2) “My sexual gratification has been improved”, with
the following possible answers: strongly disagree (1); disagree (2);
slightly disagree (3); slightly agree (4); agree (5), strongly agree (6).
Data were collected after the third (last) treatment and during the

1-month follow-up visit.

3 | RESULTS
All 27 patients completed the study. All treatment sessions were
conducted in accordance with the treatment protocol. No adverse

events or side effects were observed.

3.1 | Urinary Incontinence

The outcome data and the results from ICIQ-SF and VVLQ are pre-
sented in Table 1.

The average frequency of urine leak improved from “2-3 times a
week” (2.154+1.03 points prior to treatment) to “once a week”
(1.004+0.78 points post-treatment), and on to “never” (0.44+0.51
points at the 1-month follow-up visit). Twenty-six subjects (96.3%)
reported improvement of at least one level, with 15 subjects (55.6%)
showing improvement of two or more levels when comparing the
baseline to the follow-up visit.

Sixteen of the enrolled subjects (59.3%) also reported decrease
in the amount of leakage, with 15 women (55.6%) becoming com-
pletely leak-free at 1-month follow-up.

At 1-month follow-up, 24 subjects (88.9%) expressed their condi-
tion’s interference with everyday life decreased, with 12 individuals
(44.4%) reporting improvement of three or more levels on a 0-10
scale. Seventeen patients (62.9%) said the condition does not inter-
fere with their everyday life anymore.

All measured results were proven statistically significant (P<.05).

3.2 | Vaginal laxity

On a scale of 1-7, the average vulvo-vaginal laxity improved from
“very loose” (2.194+1.08 points prior to treatment) to “moderately
tight” (5.744+0.76 points at the 1-month follow-up visit). Twenty-
seven subjects (100%) reported improvement of at least two levels,

with 23 subjects (85.2%) showing improvement of three or more

TABLE 1 Changes in Stress urinary incontinence (SUI) and vulvo-vaginal laxity

r
Questionnaire f::g: Pretreatment Post-treatment P value
ICIQ-UI SF
Frequency (0-5) 2.15+1.03 1.00+0.78 <.001
Volume (0-5) 1.04+0.19 0.70+0.47 <.05
Interference (0-5) 3.41+2.34 1.26+1.32 <.001
VWLQ
Tightness (1-7) 2.19+1.08 n/a n/a

Data are mean+SD.

1 mo post- Improvement Improvement

treatment P value (Pre to Post) (Pre to 1 mo post) P value
0.44+0.51 <.001 1.154+0.53 1.704+0.87 <.001
0.44+0.51 <.001 0.33+£0.48 0.59+0.50 <.05
0.59+0.93 <.001 2.154+2.01 2.814+2.20 <.05
5.744+0.76 <.001 n/a 3.56+0.97 n/a
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My SUI has been improved

Estrongly agree  Magree slightly agree

Bslightly disagree ®disagree B strongly disagree

5;19%

12; 44%

10; 37%

FIGURE 1 Stress urinary incontinence (SUI) improvement (Post-
treatment)

My SUI has been improved

mstrongly agree ™ agree slightly agree
Bslightly disagree B disagree

3;11%

B strongly disagree

11; 41%

13;48%

FIGURE 2 Stress urinary incontinence (SUI) improvement (1-
month follow-up visit)

levels when comparing the baseline to the follow-up visit. 1 month
after the last treatment, all (100%) subjects evaluated their vulvo-

vaginal sensation to be slightly, moderately or very tight.

3.3 | Patient satisfaction

The data from the satisfaction questionnaire are presented in Fig-

ures 1-4.

My sexual gratification improved

B strongly agree  Wagree slightly agree

B slightly disagree M disagree B strongly disagree

6;22%

8;30%

13; 48%

FIGURE 3 Sexual gratification improvement (Post-treatment)

Journal of
Cosmetic Dermatology

My sexual gratification improved

B strongly agree  ®agree slightly agree

B slightly disagree W disagree
2; 7%

B strongly disagree

13; 48%
12; 45%

FIGURE 4 Sexual gratification improvement (1-month follow-up
visit)

Eighty-one percentage of the patients “agree” or “strongly agree”
that their SUI condition improved post-treatment compared to the
baseline, and the share increased to 89% during the follow-up visit.
The remaining 19% and 11%, respectively “slightly agreed.” None of
the subjects reported dissatisfaction (score 0-3).

Seventy-eight percentage of the patients “agree” or “strongly agree”
that their gratification during intercourse improved post-treatment
compared to the baseline, and the share increased to 93% during the
follow-up visit. The remaining 22% and 7%, respectively, “slightly

agreed.” None of the subjects reported dissatisfaction (score 0-3).

4 | CONCLUSION

The primary goals of the study have been met as the monopolar
radiofrequency treatments demonstrated good results both in terms
of efficacy, and safety in all evaluated areas. The results show zero
nonresponding subjects when treating vulvo-vaginal laxity and 3.7%
of nonresponders when evaluating improvement in SUI in terms of
frequency of leakage. Most subjects also reported decrease in the
amount of leakage and improvement with the interference in their
everyday life. In addition to the originally designed areas of improve-
ment which were monitored, subjective perception of better lubrica-
tion during intercourse as a result of the treatments was reported by
the majority of the patients.

Improvement in treated conditions was reported immediately
after the last treatment session and was even more significant after
the 1-month follow-up visit. Improvement of results with time is dri-
ven by the collagen remodeling process which takes up to 90 days
to fully complete. It should be investigated by future studies with
longer follow-ups to understand how the results develop over time.

Patients reported high satisfaction rate when evaluating improve-
ment in SUl conditions and in sexual gratification. The treatments
were well tolerated by all subjects; no adverse events were
observed. This study demonstrates efficacy and safety of a monopo-
lar radiofrequency for SUI and vulvo-vaginal laxity treatments. Every
patient is likely to recognize the improvement at different points in
time depending on their individual physiological processes. This
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study captures significant improvement in the treated conditions at
the 1-month follow-up visit. Although further controlled study is
needed to confirm the data and evaluate the long-term effects in

the endovaginal treatment.
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ABSTRACT

Introduction: With aging, the vulvar tissue loses its vitality and elasticity due to collagen fibers fatigue.
Such changes and functional characteristics of the external genitalia often cause negative psychological
effects resulting in impeded sexual function. The objective of this study is to evaluate the safety and
efficacy of a radio frequency (RF) device when used for treating labial laxity and for improvement of
female sexual fuction. Materials and Methods: Using a monopolar RF device, 19 women received four
once-a-week treatments. Images taken at the baseline and at the 1-month follow-up were evaluated for
improvement in vulvar appearance on a scale of 0-3. The female sexual function index (FSFI) scores
were calculated and compared between the baseline, the 1-month follow-up visit, and the 12-month
follow-up visit. Results: Average improvement in the vulvar appearance according to the patients and
the physician was 2.00 + 0.58 and 1.79 £ 0.54, respectively. Both values represent “moderate change”
according to the applied scale. The average FSFI increased by 9.79 + 4.35 and 7.10 + 5.17 when
comparing the baseline to the 1-month and the 12-month follow-up, respectively. No adverse events
were reported. Discussion: Efficacy and safety of the investigated device were proven. Longevity of
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results was proven by the 12-month follow-up.

Introduction

Collagen is the major structural component of skin that histolo-
gically becomes disorganized into collagen fibrils and abnormal
elastic material. This is primarily as a result of aging, pregnancy,
and childbearing processes. With aging, the vulvar tissue loses its
vitality, elasticity is reduced due to fatigue of the collagen fibers,
and wrinkles start to appear. These changes are usually accom-
panied by women’s reduced satisfaction with the esthetic appear-
ance of her genitalia.

Regardless of age, education, or socioeconomic status, such
anatomical appearance together with physiological and func-
tional characteristics of the external female genitalia often
causes negative psychological effects. Embarrassment and
anxiety over sexual function leads many women to seek help
in ameliorating these conditions and concerns.

One possible treatment solution is represented by surgical
remodeling of vulvar tissue (labia minora, labia majora, mons
pubis, perineum, and vaginal introitus). Reduction labiaplasty
is used for sculpting of elongated or unequal labia minora,
mostly in response to labia minora protruding beyond the
labia major (1). Perineoplasty is a way to rejuvenate relaxed
perineum and can also enhance the sagging labia majora and
labia minora. Augmentation labiaplasty can provide esthetic
improvement and rejuvenation of labia majora.

The main concerns with surgical procedures and ablative
laser resurfacing relate to possible adverse events (infection,

scarring, keloid formation, asymmetrical appearance of the
surgically treated tissue) and associated downtime.

Skin rejuvenation options with a low risk of severe adverse
events and without (or with very little) downtime include
various non-ablative systems: vascular lasers, intense pulse
light, infrared lasers and broadband light sources, radio fre-
quency (RF) devices, photodynamic therapy, and fractional
lasers. All these devices may be used to achieve restoration of
youthful appearance and to improve sexual function and
performance.

RF methods were first studied in 1949 for the treatment of
skin laxity, resulting in significant improvement in skin tissue
appearance (2). However, the application of RF to external
female genitalia only began to emerge in the last decade. The
RF-induced elevation of tissue temperature leads to a break-
up of intermolecular cross links, stabilization of collagen
helicoid structures, and thickening of collagen fibers. The
mild inflammatory response of the treated tissue stimulates
fibroblasts. As a result, new collagen and elastin fibers are
produced as part of the natural healing response (3).

Various RF devices are currently available on the market,
with monopolar units penetrating 20-25 mm and bipolar RF
reaching depths of approximately 2-8 mm (4). Lordello et al
(5) used a bipolar device on women with sagging labial
tissue. The protocol consisted of eight 20-minutes weekly
sessions, reaching a temperature of 39-41°C. All patients
reported satisfaction with the treatment outcome regarding
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sexual function, arousal, and lubrication. Average female
sexual function index (FSFI) score (5) increased from
25.66 + 5.7 to 27.30 + 5.5 (p = 0.379).

In 2016, a prospective cohort study on 17 women was
conducted in Croatia using a monopolar RF device for labial
tissue tightening and improvement of labial laxity (5). The
investigators reported an average “moderate change” regard-
ing improvement in vulvar appearance. Mean FSFI scores
increased from 75% to 87%.

Materials and methods
Study cohort

This is a prospective, randomized, and controlled study which
aims to evaluate the safety and efficacy of a monopolar RF
treatment when applied to external female genitalia for treat-
ing labial laxity and to improve female sexual function.

We enrolled 19 healthy women aged 35-64 (average age
46.7 years) who had reported dissatisfaction with the esthetic
appearance of their external genitalia before the commencement
of the study. Fourteen of the 19 women had a history of at least
one prior delivery. Clinical and demographic characteristics of
the subjects are presented in Table 1. The cohort included four
postmenopausal subjects, aged 55-64, who had never been
exposed to any form of hormone replacement therapy.

Consent to the treatments was obtained prior to com-
mencement, and a detailed medical history of each individual
was taken. This included obstetric and gynecological details,
and any previous surgeries in the genital area. Each subject
was evaluated for contraindications that would disqualify her
from receiving RF treatments, including but not limited to
pacemakers, defibrillators, facial implants, intradermal fillers,
pregnancy, breastfeeding, gynecological or skin lesions in the
genital region, or malignancy (6).

The entire study was conducted in compliance with the
WMA Declaration of Helsinki’s ethical principles for medical
research involving human subjects.

Treatment protocol

The treatment protocol consisted of four weekly sessions, each
taking approximately 20 minutes. A monopolar RF device was
used (BTL Exilis System, BTL Industries Inc.), with the

Table 1. Demographic and clinical profile of the study cohort

Personal history N Mean + SD or %
Age (years) 19 47 + 76
BMI (kg/m?) 19 253 52
Sexual activity in the last 6 months 16 84
Sexually inactive 3 16
Oral contraception 2 1
Menopausal 4 21
Birth history

Caesarean section only 7 37
Vaginal delivery 5 26
Vaginal and caesarean 2 1
No pregnancies 5 26
Race/ethnicity

Caucasian 12 63
African 5 26
Mixed 2 1

starting energy set to 90 points and 100% duty factor. The
energy was adjusted based on patient’s feedback.

Thick hydrosoluble gel was applied to skin in the treated
area prior to each treatment. The procedure was conducted
using slow circular motions in a cranial-caudal direction,
covering the mons pubis, labia majora, clitoris, perineum,
and vaginal introitus. Light pressure was applied on the hand-
piece during the treatment.

All treatments were performed using the same starting
setting and the same treatment technique, since monopolar
RF application has been found to be safe for all skin types (7).

Outcome measures

Digital photographs of the treated area with patient in a
litothomy position were taken before and after each treat-
ment, 1 month after the last treatment, and 12 months after
the last treatment. Lighting conditions were kept constant,
and the same digital camera (12MP, HD) was used, placed
exactly 30 cm from the genital area.

Both the patients and the physician evaluated the photo-
graphs, comparing the baseline images to the images taken
1 month after the final treatment. A 4-point scale system was
used to record the improvements in vulvar appearance (0 — no
improvement; 1 — mild improvement; 2 - moderate improve-
ment; 3 - excellent improvement).

The FSFI questionnaire was completed by all subjects
before the first session, 1 month after the last session, and
12 months after the last session.

All results were checked for statistical significance using
the Student’s t-test. Values of p < 0.05 were deemed statisti-
cally significant.

Any adverse events or side effects were recorded.

Results

All 19 women completed the full treatment protocol and the
1-month follow-up visit. Two patients did not undergo the
12-month follow-up visit due to personal circumstances not
related to the study.

Sexual function

The following results are based on 15 out of 16 enrolled
sexually active women who finished the study (one did not
complete the 12-month follow-up visit). When comparing the
baseline to the 1-month follow-up visit and the 12-month
follow-up visit, the average improvement of sexual function
as measured by the FSFI questionnaire was 9.79 £ 4.35 points
and 7.10 £ 5.17 points, respectively. Both results show high
statistical significance (p < 0.001). The average score increased
from 22.59 * 4.00 (baseline) to 32.38 + 1.68 (1-month follow-
up visit) and 29.69 + 2.97 (12-month follow-up visit). This
represents an improvement of FSFI from 63% to 90% and
83%, respectively. For details, see Table 2.

Statistically significant increase in FSFI scores was
observed in five out of six FSFI dimensions at both follow-
up visits. The improvement in these five dimensions averaged
1.94 points (32pp) and 1.44 points (24pp) 1 month and 12
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Patient/Pregnancies/Deliveries Sexual activity Before 1-Month post Tx 12- Months post Tx Change 1-Month post Tx Change 12-Months post Tx
A. No pregnancies YES 27.5 31.5 31.8 4.0 43
B. No pregnancies YES 234 27.9 234 4.5 0
C. P2G1 - NVD and ectopic YES 24 33.6 27 9.6 3
D. P2G2 - NVD YES 18 315 303 135 12.3
E*. P2G2 0 NVD YES Didn't finish the study

F. P2G2 - 2X C-Section YES 24.5 309 29.2 6.4 4.7
G*. P2G2 - 2X C-Section NO Not sexually active

H. P2G2 - 2X C-Section YES 224 31.4 33.2 9 10.8
I. P1GT - 1X C-Section YES 21 34.8 29.9 13.8 8.9
J. No pregnancies YES 24 33.1 339 9.1 9.9
K. No pregnancies YES 30 339 31.8 39 18
L. P2G2 - 2X C-Section YES 26 337 28.3 7.7 2.3
M. P3G3 - 3X C-Section YES 13 33 333 20 20.3
N. P2G2 - NVD YES 20 345 32.1 14.5 12.1
0. P3G3 - NVD YES 23 322 28.6 9.2 5.6
P*. No pregnancies NO Not sexually active. Didn't finish the study

Q. P3G3 - 2X NVD 1 X C-Section YES 23.6 32 26.8 8.4 3.2
R. P1G1 - 1X C-Section YES 184 317 257 133 73
S*. P4G4 - 3X NVD 1X C-Section NO Not sexually active

Mean + SD 2259 £ 400 3238 = 1.68 29.69 + 2.97 9.79 £ 435 7.10 £ 5.17

*Key: E - 3 deaths to immediate family in the last 12 months

G - Marriage problems

P - Subject reported a sexual problem with her husband and did not think she should continue with the survey
S - Client lost her husband before starting the study

Table 3. Changes in the sexual function

FSFI Score 1-Month post P 12-Months post P Improvement (pre to 1-month  Improvement (pre to 12-months
Dimension range Pre Tx Tx value Tx value Post) Post)

Desire (1-5) 315+ 090 468 +£0.93 <0.001 444 +1.05 <0.001 153 + 1.12 1.29 + 0.95

Arousal (0-5) 343+£123 533+043 <0.001 4.86 + 047  <0.005 1.90 + 1.25 143 + 131
Lubrication (0-5) 325+ 123 547 £0.68 <0.001 468 + 164 <0.05 221 £ 142 143 + 1.84

Orgasm (0-5) 341 +£095 549 £ 047 <0.001 5.09 £ 0.88  <0.001 2.08 + 1.08 1.68 + 1.38
Satisfaction (0/1-5) 355+095 552+0.70 <0.001 496 £ 087 <0.05 197 £1.17 141 £ 135

Pain (0-5) 580 +£0.75 589 %023 >005 565+ 065 >0.05 0.09 £ 0.58 —0.15 £ 0.40

TOTAL (2-36) 2259 + 400 3238+ 1.68 <0.001 29.69 +2.97 <0.001 9.79 + 435 7.10 £ 5.17

Data are mean * SD

months after the final treatment, respectively. “Pain” is the
only dimension in which there were no statistically significant
changes.

Evaluation of digital images

The average score based on the patients’ responses was
2.00 + 0.58, with a slightly lower average score of
1.79 + 0.54 calculated based on the physician’s responses.
Both results represent “moderate improvement” according to

Score

3ﬁ

ABCDETFGHI
Patient ID

the applied scale. The data are shown in Figure 1.
Photographs taken at the baseline were compared to those
taken 1 month after the final treatment for all 19 study
subjects. Samples of the images are available in Figure 2.

Eighteen out of 19 patients (94.7%) reported “moderate” or
“excellent” improvement in vulvar appearance. One woman
who later decided to quit the study had reported no change.

The physician also identified at least mild improvement on
18 (94.7%) women, with “moderate” or “excellent” improve-
ment on 16 (84.2%) subjects.

H Patient

B Physician

J KLMNOPQRS

0 - No Improvement; 1 — Mild Improvement; 2 — Moderate Improvement; 3 — Excellent Improvement

Figure 1. Improvement in vulvar appearance based on evaluation of digital images.
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Figure 2. Examples of digital images taken at the baseline and at the 1-month follow-up visit.

Safety

No adverse events or aggravation were observed.

Discussion

The use of RF for treating facial and body skin laxity has been
well described and evidenced in the last decade. However, the
application of RF to treat labial skin laxity and improve sexual
function is rather new. Therefore, clinical studies of this kind
are essential in order to assess the real efficacy of this treat-
ment modality.

All patients in our study reported high levels of satisfaction
regarding improvement in the appearance of their genitalia. A
significant change in appearance occurred as soon as after the
first treatment, with maximum improvement observed after
the second treatment. The third and the fourth sessions
caused further improvements, but of a lesser magnitude.

With respect to sexual function, all sexually active subjects
reported improvement after the treatments. All FSFS dimen-
sions except for “Pain” showed statistical significant score
increase, and the changes followed the same patterns as
those observed in genital appearance. The best results were
seen in better lubrication, ease of reaching orgasm during
intercourse, and overall satisfaction with sexual life. No sig-
nificant improvement in the “Pain” dimension was observed,
nor expected. Subjects with increased tightness as a result of
the treatments are likely to experience more intensive sensa-
tions during sexual intercourse. The overall increase in sexual

function was also significant at the 12-months follow-up,
proving the effects to be long lasting.

Our results suggest that one or two treatments may be
sufficient to achieve a very reasonable level of improvement
in the treated conditions; however, some patients felt that they
would benefit from more than four sessions. The FSFI
changes exceeded the results achieved by previous studies
(5,8), suggesting the investigated device is a highly efficient
modality for treating impeded female sexual function.

The results of this clinical study prove that the investigated
monopolar RF device provides an effective and safe alterna-
tive to existing treatment methods for improving labial laxity
and sexual function. Negative side effects of RF treatment are
extremely rare.

Declaration of interests

The author is not aware of any affiliations, memberships, funding, or
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TWO-TREATMENT PROTOCOL FOR
SKIN LAXITY USING 90-WATT DYNAMIC
MONOPOLAR RADIOFREQUENCY
DEVICE WITH REAL-TIME IMPEDANCE
MONITORING
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Two-Treatment Protocol for Skin Laxity Using 90-Watt
Dynamic Monopolar Radiofrequency Device With
Real-Time Impedance Monitoring

David MeDantel MDD Robert Weeiss MDY Margaret Weiss M Chris Mazuar BS,
and Charmuaine Grithin CCRI™

Mlle D] Tnstiguee of Anit-Aging Rescanch, Viegink Deach, VA
m “larybaniad Laser Skinn & Vo Frsoimsiee, Hune Walley, M1
Bultipls deeces are currénthy on The markst thal amgloy raiolrequency 1o nan-svas ey Ireal $kin laoty and winkhs regocioan
The study divics was § unique manopolar radiafreguancy dewice FDA cleaared fare tha treatmant of sinkles snd rhiylids. The dalpeery
Systam allows constant moennanng of the reak-tme Iocal sk impadancs changes, which allows radiolrequancy ansagy 10 ba more
uriformby doted oved an anlirg iréalrment orea
Dbjective: The chjsctie was 1o vaidate affectirsaness of a madified raatmant protocsl far 8 umgua manapalian radiafreguancy Geancs,
wehich has basn sndginesrsd with grastor powver ghd sefl-marsonng circury.
Miathods: Teanty-iour lemale subpcts recsined baataral monopois radecdrequency treabments 16 1he mid and lowasr fsce fram the sub
malar regicn 10 tha submentum. Subpects complated 1 and 3 manth fallow ups with dignal imagng. Skin biopsies (on 4 sulbjacts) and
ulbrasound mesasursmans (an 12 submcts] wane complited
Results: Assassmants deamonsiraied a reduchon i skin ity of 35%. a reduction in fine nestaonklas of 42%. and a eduction in
ihe appearance of glabal photodamage of 23%. Expert photograding damonstrated 92 % of subjects shownng af laast a mild improwe-
rmend in skiin lacity at thres months post treatmant. S08HT ultrascund measuremants n 12 subcts showod an incroase of 19% in
skin density, Histology showad a marked increase in desmal colisgan and alaston fibars n two subgects who demonstrated a clnically
niotsssabbs redictan inskn axity and minemal changes in baso subgacts who damonstrated minimal clincal imiprovemants. Theas wars
no significant adverse events repotad
Conclusion: Thes modstied redcirequency device and treatment protocol was waell tofarated and produced impeovemants i the ap-
pearance of skin laxity and overall anti-aging effects in the majarity of subjects. Objectvea measuremeants incheding ulirasound and

hisiokogy halp axplain the clinical oidcoms

J Drugs Darmargd, 2004138111212

Thu- appearance of the face and neck is profowndly affected
in the aging process. There is docroased tlissue alasticity
coupled with rearrangemant of facial valume that is com-
pounddad by the effects of gravity.' As the appearance of the face
and neck s 8 primany concarn of many poopbe, ways in which to
tighten the skin are increasingly in demand, One such methed to
sddress this concarn is radiofrequancy treatment. which produc-
&5 an alectrical cerrent that uses the resistance within the various
akin layers 1o cormear the delivered anargy into thesmal enaegy”
Radiapfraquency creates oscillating efectrical currant, cavsing vi-
bration and collisions between charged maolecules, thus result-
ing in tha production of heat as described by Belenky, et al."This
radiofrequency haating cocurs regardiass of skin chromophores
or skin rype and ks not dependent upon selective phototharmoly-
gia bt rather heating of water. Thus, wdration of tissues (n the
radicfraquancy treatmant anea k8 important. Thesa are many dif-
farent types of rediofrequenty devices using multiple types of
radiofraguency enengy, lemparature renges, and targat depihe 5
Radiofrequancy heat has differant biological and elinical effects,

depending upon the method of delivery and depth of heating. In
the dermis. which is comprised of collagoen, alastin, and ground
substances, radiofreguoncy medisted thermal stimulation of
thiz matrix resubts in an immedinte and temporary changs in the
hizlical structure of tha collagen.® it is also belioved that radio-
frequoncy thermal stimulation results in a micro-inflammatony
stimulation of fibroblasts, which produces new collagon (naocol-
lagenesis) and new alastin (neoslpstogonaska), ps well ps other
prodeins to enhence dermal structure,™

To aliow a constant and consistent rediofrequency anengy deliv-
afy, thare is @ need for the power to be maximized and normalized
for skin Mmpedance. Some first genaration rediofrequency skin
tightening devicss offer skin impedance messuremants, bt
thess measuraments ara not real-time magsuremants of the tas-
get srea. Some radiofreqgueency devices use impadance of one
sampled ares 1o "average” impedance af tha beginning of treat-
rment. This initial one-time impadance maasurameant & used for
thie duration of tha treatment and doas not allow for changing



11l

Jowmmap or Dvaes s Demsronocy
Serrempir 4« Vogume 13 » [sus @

power relative to impedance from ono area 1o tha next, thus
vielding an uneven thermal energy distribution. Without activa
read-tiima impedance maasurament, some areas of tha skin could
ba treated too intensely {risk of burning. higher in bany areas]
whila elsawhaera the therapeutically optimal temperatures may
not ba atained.

The monopalar radiofrequency device used for the study is
a monopolar radicfrequency device (ExHis Elite, BTL Induss-
trigs Inch that Is FDA clearad for the “primary treatment of
darmaiclogic and general surgical procedures for non-inva-
give teeatmeant of wrinkles and rhytids” The delivery system
allows constant monitoring of the real-time local skin im-
padance changes during redicfrequency skin treatment. This
impedance compansation system cantrods, of tunaes, the cur
rant supply whila the clrcubtry autematically compensates for
impedance changas. Enangy flow s controlled and the micro-
procassor automatically keeps the power output eguivalant
even in areas of higharlower iImpedance allowing the opara-
tors b0 use high powar sattings without compromising safety,
The systam design enablas tha anargy be consistantly dogsad
over the antite treatment Brea.

"Early equipment designs would
continue to put energy through the
system even when the contact point was
too small, generating a burn or blister in
the treated skin. The double grounded
electrode ensures that once sufficient
contact 1s lost, no energy 15 delivered."

These leatures are highlightad in this systam thraagh the fol-
lawimng modifications to the arkgingl devica. First the devics
has & double grounded alectrode that is monitoned several
timas par gecond and assists in stopping energy Now whan
gulficiant sontact is nat made with the Esue 1o be trested,
Thig helps eliminate the previous generation, alsstio cauliry-
based igsus of arcing when sufficient contast is not made
with the tissus. Early equipment designg would eontinue to
put energy theough the system sven whan the sontast paint
wirs 160 small, generating a burt o Bligter in the treated skin,
The double grounded alectiode ensures that once sufficient
contaat is lost, no energy s delivered, Next, the hardwara’
softwars interface following these messurements allows for
e distribution af heat through variable impedance regions
@5 shawn on infrargd imaging (all treated regions appear 1o
be a uniform emperature despite amy impedance differances).
These madifications are part of the “Impedance Intelligance™
system, which is an automatic self-adjusting system dalivering

I3 MecDanict, R Weiss, M. Weass, e al,

the enargy amount based on measured capacitive, inductiva,
and rosistive paramaters of the skin-applicator bordariing, it
consists of impedance measuramant circuit connectad to the
enargy delivery system, changing the paramators of the deliv-
arad anergy sccording to the impadance moasuramont.

Pravious histologic porcine skin studées demonstrated safety of
the study dovice. One study imvalved 4 serial treatments ot cne-
maonth intervals, Photomicrographs taken from special stained
sactions were analyzad using sterenlogical analysis, which is a
computer-based image processing and analysis technigue for
quaniitative analysis of skin structures histolpgical sections,
Mean parcentage of collagen wolume was calculated with re-
sults showing that while sverage baseline collagen volume was
8%, the post four treatments avarage wolume was 3%, an in-
creasa in collagen voluma of 154%. Histology with temparature
maasuramants also demonsirated that the reported tempara-
ture rango (42-430°) can generata this typa of tissus response
(Data on fila, BTL Industrias Inc. Framingham, MAJL

Study Design

Our study anrallad 26 farmala subjects with 24 complated at
pwi Investigative sites both under IRE approval. Subjects wera
babwesn 25 and 65 yoars of age laverage age = 57) who axhib-
tad mild to maodarate laxity of the submanium, mid, and lowear
faca, Subjects received two (2) traatments 10-14 days apant
(+/- 4 days) using the monopolar redicireguendy systam (Exilis
Elite, BTL Assthetical. The staming settings wers S0 Waitts and
wirth thi device sat to emit & contlnuows wave of enangy (100%
duty factor for radiofrequency transmission). The power get-
ting (Waita] was titratad based on subjects’ verbal responsa for
haat toleranca. The treatment was sdministered s follows: 1)
Treated area from sub malar ragion to mandible for 6 minutes;
2) Traatad submenturm (rom lateral aspact of ares 1o midine for
4 minutes; 3] Returned 19 gub malar region and waeated for 3
rrbnutes. Treated mandible region for 3 minues: 4) Returned o
subrantum and treated fos 4 minutes; 5] Repested gteps 1-4 on
tha conralpteral side of face. Tamparature of the Skin was moni-
tored using an extarnal infrared radiometer and maintained a
42-43 C°. Typical 1o18] Weatrment time averaged 40-45 minules,
and no lopical anesihelic of oral pain medications wene usad.

The subjects wers consented, had & medical history taken, and
had assesements for Skin LaxitySagging, Erythema, Ededma,
Fine LinesiWrinkles, and Global Improvement prior 1o thie firs
treatmant, 1 month, and 3 months post final rreatment. Digital
images were also taken using the VECTRA- M3, VISIA CA and
Imellistudio (Canfield Scientfic, Passaic MJ) Suljects under
want aksessrment uking a 0-3 rating scala [D=PMormal, 1=Slighe,
2uModerate, and J=Savens) al all ime points, Ulrasound im-
aging using tha TPM DUB SkinScanner (Taberna Pro Medicurm,
Germany) on the lef lower cheek [within the trestmeant anea) was
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FIGLURE 1. Improsvemaent in skin Faxity.
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Hubject Mumber

parforrmed in & sedes of 3 messuremants uslng a S0MHz scan-
naf head (shallowes depth of peneteaticn but higher resobution
images) This was repeated In the same location at the 1 and 3
raanth follow up vigits, Finally, 4 subjects wera selectad 1o have
pre and 3 month post finel treatment 2 mm skin blopaies from
thi subsmanturn for histological examination. Biopskes wane tak-
an & minbmdm of 1 cm apen o minimize weund healing amifact.

Imaging Methods

Standardized images of the face ware caplured using 3 dif-
ferant imaging units: the Canfield Intalligtudio, VISIA-CA [high
regalution/megapixal camaras with 8 sterectactic head po-
sitloning device]l and VECTRA-M3. Photegraphs ware taken
prios to Ay wreatment (clean and dry faca only), No make-
up was worn during the photographs, including foundation,
blush, aye shadow. Hpstick and mascara.

Thres ultrasound imeges (par visit, per scannar freguancy] for
12 subjects at 8 singla sle ware analyzed using the devica
saftwara for Skin Analysis. Date for sach meaasurement includ-
ed akin thicknass and density. Thess veluas ware averaged to
glve Individual subject skin thickness and densities for aach
time point. The subject skin density and thickness messura-
rmants for the salected 12 subject subset, ware then combined
to datarmine the average effect of the treatment an skin dan-
ity anid thickness for each scannar,

The blopates were placed in 10% bufferad formalin, paraffin
embadded and cut knto 5 micron sections. Mazson Trichrome
staln for visualizetion of collagen and Verhosff stain for wvi-
suralization of elastin fikers were parformad on 8 section for
epch blopsy subject. The preparad slides were viewed on &
Ledca-0OM IRB Inverted microscope fitted with a Mikon Cam-
ara syatam (D5-Fi2 Visible light Camera) and the NIS Imaging
Sulte was used to form a composite image of the entire sec-

s ) ues

than, swlilch weag than visually sssessed for increased stalning
of the salected protalnafibers,

[ RESULTS |

Clinical Observations

O the -3 point asgessment scale, 35% reduction in skin lax-
Ityfaegging (F< 0.0001], 35% reduction in fine lines/wrinklas (P
< 0.0053), and 33% raduction In the severity of global photo-
damage [P < 0,009} wera recarded. No adema was obaarsed,
An incldantal finding was a statistically slgnificent radustion in
background erythema (F= 00009} in some subjacts,

Photo sssessment by Binded expent graders reveabed 79% of
subjacts had mild improvamant in each of three categosias
meagured (fine linestwrinkles, skin laxity, and overall skin tax-
turel. For skin laxity, 92% of subjects showed & minimuam of
mild Improvemant at the 3-month time point (Flgure 15 Avar
age Improvament from one month to threa manths achieved
slatistical significance (as determined by a two-talled paired
t testh of 38% improvement in fine linesharinkles (P = 0.0011),
Ba% Improvemant inoskin laxity (P = 0.0003), and 50% im-
provamant In owvarall skin texture [P = 0.0011),

Ultrasound

Ultrasound Images from the S0MHz detector reveabed an av-
erage of 19% incrasse in skin dansity at 3 montha (Figuse 2}
and a statistically significant linear increasa in skin density
over the course of the study (P < 0.00; R® = 0.2645, P= 00014,
ragpectivaly]. This wes calculated wusing a two-tailed One-Way
AMOVA with post-hoe Dunnett’s Multiple Comparisong tast
and test for a linear trend,

Histological Imaging
Histaloghe examination of tha four biopsies showed significant
incraasa In dermal collagen and elastin fibers throughout the
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FIGURE 2 Awerage of all subjects denssy readings at all ime painis
from 508AHz Utrascund unit in the lowar cheek, An increase of 19%
i gkim density was ohserved,
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FIGURE 3a. Mazson siaining in ane subject demonsirates increased
coltagen [blue) at 3 months post treatmant

Pre

FIGURE 3k, Verhoelf siaining in one subject demonstraies increased elas-
tin fibars (bdack), with more unorm pattem and distribaution ot 3 morths,

dormis in two of the four subjects. Two subject’s full thidoness
images are prosented bolow (Figures 3a, b, and 4a, bl. Clini
cal images of these samao subjects domonstrated significant
clinical improvement, consistont with the histological findings
(Figuras & and &L There wern minimal changes in the biopsies
and clinical grading from thae other two subjects. The histol
ogy resulis corrplate well with the respactive subjects’ clinical
response (marked improvement for the two with visible ool
lagen and elastin deposition and minimal improvemaent for
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FAGURE &a. Masson staining in one subsscl demanstrates ncreased ol
kagen |blee] at.3 months post traakmant.

Pre

the athara). Tightening arownd the jawline, undar the chin and
neck ara clearly demansiratad (Fgura 7).

This study demonstrates thet a8 novel monopolar radio-
freguancy device with Increased flusnce and continuous
impadance monitaring usad with & new two treatment pro-
toeol achisves meagurable clinlcal benafits. The data supporns
previous statamants that mantion by maintaining a lower skin
tamperatura for longer treatment times measurable banafits
can be achievaed. Thus, it 8 possitle to achieva clinkcal rasults
without pain and downtimea, The study dats Indicates an (n-
craasa inooverall skin densaity, collagen, and elastin depositon/
organization, and some improvamant |n fine lineaswrinkles as
wirll 85 overall skin taxtura in the majority of subjects. There
was also an unanticipated decresse in background erythema
in many subjacts, the machanksm of which ls unknown,

The data analysis also revealed other items that warrant
further study and discussion, The first s the variatlon in the
results from subject to subject. Each subject was tragted us-
ing the same standardized protocol such that time on tesue
was consistent for every subject. We propose that the cause

FGURE 4, Yerhoal starsng in one subpect demanstrates mcroased sag-
tin fibars (blackl, with more uniform pastarn and destribution at 3 months.

of varlance In the resubts may be dus 1o the wida age rangs of
the subjects as well 88 individual heat telerance. Whils time
on tissuwe was standardizad, the titration of enengy was based
on tissua response as wall as subjects’ reported sansation of
heat. The subject variation could be addressad n future stud-
ies throwgh o tighter selaction process as the currant subjects
ware selected from a wide range of potential cendidates as
this study was designed to mimic broad clinical usage and
not to salactively treat subjects that would respond well 1o
the trestmeant. It k8 also worth noting that some subjects
axparianced early rasults [1 month] but did not Improve as ax-
pected a1 3 months; the reason for this is curranthy unknawn,
Future studies thel examing the longavity of the results are
atso warranted. |t would be of benefit to follow the subjects
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FIGURE 5. Clinical phobto of subject at baseling and 3 months follcranng 2
radiolnequency reatmens.

FIGLIRE 6. Clinical photo of subject at basaling and 3 months following 2
radialneqsenty IrEsimems,

FIGLIRE 7. Clinical photo of subject at basaling and 3 months following 2
radialenueney 1 eSmEns,

for & months ar longér 1o determing if repeated tréatments
are neaded as commonly associated with similar types of
traatments, ar if this device has an additional advantage of
incraasad improvement duration.
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ABSTRACT

Background: The purpose of this study was to demonstrate the effect of monopolar, focused radiofrequency (RF) with embedded
cooling on subcutaneous skin structures. Specifically, the study was to prove that the monopolar RF with cooling can selectively heat
fat, causing disintegration of adipocytes and programmmed cell death (apoptosis) of the subcutaneous fat cells.

Methods: A non-invasive monopolar RF device with cooling (Exilis Elite, BTL Industries, Framingham, MA) was used to reduce
abdominal fat in a porcine model. The study was done on 3 Vietnamese pigs in a certified veterinary facility. The treatment was deliv-
ered to an area the size of 20 x 10cm. The treatment duration was 11 minutes, 30 seconds. Biopsy samples were taken before the
first treatment, 1 hour post each treatment, as well as 8 and 20 hours post each treatment. Programmed cell death (apoptosis) was
monitored using the TUNEL method. The temperature was measured on the skin surface by an infrared thermal imager and built-in
IR thermometer, and by an internal probe inserted into various depths of the subcutaneous layer. The internal probe placement was
monitored by diagnostic ultrasound examination.

Results: The temperature in the treated adipose tissue was higher compared to the skin surface temperature. The average tempera-
ture gradient observed was 3.1°C. Due to the temperature gradient the skin surface remained intact, while subcutaneous layers
showed significant changes. The TUNEL method;proved large-scale apoptasis of fat cells;after each treatment. The apoptotic index
increased from 7% before the first treatment to an average of 53.4%, 39.6%, 40.2%, and 44.7% respectively for each treatment.
In the three-month follow up the apoptotic index dropped back to 11.7%. Histology, blood biochemistry and hematology samples
showed mild to no signs of inflammation in the treated area.

Conclusion: The study has shown that use of monopolar, focused radiofrequency can induce substantial apoptotic process in a por
cine model. The data suggests that the monopolar-focused radiefréquency device.eanbe used for reduction of fat and body shaping.

J Drugs Dermatol. 2014;13(11):1336-1340.

INTRODUCTION

he demand for safe and effective devices for non-in-
vasive body shaping and reduction of fat has steadily
risen over the last decade. Many modalities have been

developed to target adipocytes, including ultrasound, radiofre-
quency, and various cooling and light based devices."?5

In this study, we evaluated the ability of a monopolar focused ra-
diofrequency device to induce apoptosis in the subcutaneous fat.
The device delivers uniform heating at controlled depths to the
subcutaneous tissue, due to its adjustable built-in cooling system.
The clinical efficacy was intended to safely and efficiently deliver
maximum power and speed of high frequency radio waves using
an active cascade of hardware and software safety elements.

METHODS

This study was carried out in a veterinary and a laboratory certi-
fied to Good Laboratory Practices (GLP) standards. Animal care

was in compliance with the European Convention for the Pro-
tection of Vertebrate Animals Used for Experimental and Other
Scientific Purposes, and with the law on the Protection of Ani-
mals Against Cruelty. The protocol of the study was approved
by the Institutional Animal Care and Use Committee (IACUC)
and the Committee for Animal Protection of the Ministry of Ag-
riculture of the Czech Republic. Procedures used conformed to
accepted practices and to minimize or avoid causing pain, dis-
tress, or discomfort to the animals. In those circumstances in
which study procedures were likely to cause more than momen-
tary or slight pain or distress, the animals received appropriate
analgesics or anesthetics. During anesthesia the life functions
and pain perception of treated animals were monitored to assure
full insensibility during painful treatment and correct recovery.
The number of animals selected for use in this study was consid-
ered to be the minimum (OECD Principles) number necessary to
meet scientific and regulatory guidelines for this type of study.
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Study Design Justification: Swine is a suitable animal model
due to the similarity between human and swine dermal and
subcutaneous structures. Additional anatomical similarities
with humans include renal morphology, eye structure, skin, and
tooth development. The pig is also one of few animals that will
voluntarily eat to obesity.”® The 3 study animals were housed
individually and were continuously monitored by cameras.The
room temperature was maintained at 20°C. Cleaning of the stall
and surrounding area was performed on a daily basis. Food
feeders were sanitized twice a week. During the acclimation
and study period, animals were fed with complete cereal diet
for swine (CDP), in the amount of 25g per kilogram of the body
weight of the CDP provided per animal per.day. The quality of
the water was monitored during the whole study period. The
acclimation period was 13 days. No prophylactic or therapeutic
treatment was needed during the acclimation or study periods.
Only animals in good health were used for the study.®

"Induction of the death of adipocytes
through apoptosis is emerging as a
promising strategy for the prevention
and treatment of excess fat due to

the destruction of adipocytes via this
mechanism, resulting in reduced body fat."

Treatment Procedure: The area (20 x 10cm) of the skin was
selected on the experimental animal in the abdominal region
and labeled with a pen-marker (See Figure 1).

The treatment was administered 4 times,with a week interval
between treatments.The initial output setting'was 95Watts with
applicator tip cooling set at 10°C (See figure 10). The desired
skin temperature was 42.5°C, minimum exposure temperature
level was 39°C, and maximum exposure temperature level was
43°C.The surface temperature was measured continuously and
output power was adjusted according to the temperature mea-
surement. The internal tissue temperature was periodically
measured by thermal probe during the exposure. Anesthesia
was administered during each treatment, and during biopsy.
Blood samples were taken before the first treatment, after each
treatment, and after the three-month follow-up period. Tissue
samples for the TUNEL method were taken from the treated
area before the first treatment, after each treatment (3 sam-
ples after each treatment — 1 hour after therapy, 8 hours after
therapy, and 20 hours after therapy), and after the three-month
follow-up period. (For the location and summary of samples
see Figure 2: Biopsy location in the treatment area). Autopsy
and histological samples of skin, liver, kidney, and lungs were
taken at the end of the recovery period.

D. McDaniel, K. Fritz, A. Machovcova, et al.

FIGURE 1. Application area.

FIGURE 2. Biopsy location in the treatment area.
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Clinical-Observations

All'swine were observed for clinical signs, morbidity, or mor-
tality once a day during acclimation and during the treatment
period: Onset, duration, and severity of any signs were re-
corded: The investigation included: changes of skin, eyes, and
mucous membranes; respiratory, circulatory, and autonomic
and central nervous system, somatomotor activity, and behav-
ior pattern, changes in gait, posture, and response to handling,
and the presence of clonic or tonic movements and stereotypes.

Clinical Procedures

The temperature of superficial structures was monitored by an
infrared thermo imager during each treatment. The type of ther-
mo imager used was the FLUKE Ti32. (FLUKE Corp., Everett,
WA) The temperature of the cutaneous and subcutaneous tis-
sue layers was measured by the TC-08 8-channel T-probe needle
thermometer manufactured by Pico Technology Limited, UK,
and placed under the control of USG Mindray M5Vet. Output
power and other settings were recorded for each treatment.

Preservation of Samples
The full-blood samples were evaluated immediately, centri-
fuged sera was deep frozen, and punch biopsies and autopsy
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FIGURE 3. Thermal probe inserted within the subcutaneous tissue.

F

samples of skin, liver, kidney, and lung were preserved in for-
malin and prepared for paraffin-embedded tissue sections for
further research. For stereological analysis the samples were
fixed in 3% glutaraldehyd in 0.1M cacodylate buffer, pH 7.2, con-
taining 7% sucrose.

Histological Examination

The tissue specimens were submitted to the fixation by 10%
neutral buffered formalin (4% formaldehyde in phosphate buff-
ered saline) for tissue preservation, processing (dehydration),
clearing and infiltrating the tissue with paraffin wax, embedding
the specimen in a cube and finally sectioning by a microtome
to be placed on a microscope slide. The specimens-were further
stained by haematoxylin eosin.

Cell Death Monitoring

For apoptosis (programmed cell death), formaldehyde-fixed
and paraffin-embedded tissue sections were analyzed by in
situ TdT-mediated dUTPX nick-end labeling (TUNEL) staining,
ie, visualizing the DNA fragmentation by TUNEL kit (Apoptosis
Detection Kit), S7100, Scintilla. The results were evaluated and
calculated in percentage of stained cells.

RESULTS

Apoptotic Index

Apoptotic index describes the percentage of the stained cells
in the specimen, which were marked as apoptotic cells. The de-
scribed TUNEL method indicates apoptotic cells through color
change of nucleus in the histology sample. The cells with a
brown nucleus indicate apoptosis while cells with a blue nucle-
us indicate viable cells (See Figure 4).

Before the treatment, the average apoptotic index average
was 7.0%.The apoptotic index reached average levels of 53.4%,
39.6%, 40.2%, and 44.7%, respectively, in four consecutive treat-

FIGURE 4. Adipocyte (A) apoptotic nucleus is stained brown (B),
other nuclei are blue (C) (400x).

ments, from tissue samples taken at 1, 8, and 20 hours after the
therapy. At the three-month follow-up the average dropped to
11.7%. The average, minimum and maximum apoptotic index
two weeks before therapy, during each therapy and at the three
month follow up is shown inTable 1 and Figure 5.

FIGURE 5. Graph of average apoptotic index.

o
-

-

o]

Fry ]

I

- L ‘ 1 i L]
TABLE 1.

Apoptotic Index Results (%) Two Weeks Before Therapy,
During Each Therapy, and at the Three-Month Follow-up

zb‘;"%erzs 3 7.00 4.00  10.00  3.00
1 9 53.44 34.00 64.00 9.72
2 9 39.56 2700  50.00  6.46
3 9 40.22 1700 5700 14.32
4 9 44.67 32.00  60.00 11.32
follow up 3 11.67 5.00 18.00 6.51

The apoptotic index values in percentages from individual ani-
mals are shown inTable 2 and Figure 6.
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FIGURE 6. Graph of apoptotic index values (%) in individual animals.
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TABLE 2.

Apoptotic Index Values (%) in Individual Animals
=

1 A 40 34 33 18
1 B 10 61 50 .17 32 5
1 C 4 61 38 57 36 12
8 A 48 37 45 54
8 B 34 35 44 34
8 C 56 42 46 56
20 A 52 43 18 54
20 B 45 27 49 (43
20 C 64 44 52 60

The course of an apoptotic index of each~animal after each
treatment did not show significant differences, ie, there are not
great rises and falls in average values of separate treatments.
The comparison before (before any treatment) and after (just
after the last treatment, up to 20 hours after) mean showed sta-
tistically significant results at nearly all treatments at P < 0.05
and very close to P< 0.01 in some cases.

Histology

The fragmentation of fibrous tissue within the cutaneous stro-
ma and subcutaneous structures was visible in the histology
specimens. The following images show intact adipocyte cell
walls pre- treatment and decomposed or disrupted cell walls
post-treatment four.

Thermal Profile Measurement

The temperature of the subcutaneous layers was measured using
the 8-channel T-probe needle thermometer inserted to a maxi-
mum depth of 3cm within the tissue. Location of the probe was

FIGURE 7. Histology samples.

FIGURE 8. Thermal probe position verification using ultrasound
measurement.
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verified using diagnostic ultrasound. The surface temperature
and deep tissue temperature measurement results are recorded
in Figure 9: Graph of results of skin and fat temperature in time.

The.measurement verified that the adipose tissue was heated
more than skin during the therapy.The thermal gradient of adi-
pose tissue and skin surface increased in time until saturation.
The average thermal gradient (from 2:30 till 11:30 min) was
3.1°C. Maximum skin‘temperature was 43.0°C and maximum
fat temperature was 45.6°C.

FIGURE 9. Graph of results of skin and fat temperature in time.
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FIGURE 10. Cooling with corresponding depth of heat penetration.

Histology Results

Samples of skin from the treated area, liver, kidney and lung
from all three swine for histopathological examinations were
taken. No abnormalities were observed in the inner organs
during pathology examination. Histology, blood biochemistry
and hematology samples showed mild to no signs of inflam-
mation in the treated area.

DISCUSSION

Apoptosis is the main mechanism for regulating-cell death in
many tissues. Induction of the death of adipocytes through
apoptosis is emerging as a promising strategy for the pre-
vention and treatment of excess fat due'to the destruction of
adipocytes via this mechanism, resulting in reduced-body fat.®

The aim of this study was to demonstrate the effect of a mo-
nopolar radiofrequency device with embedded cooling on the
cutaneous and subcutaneous structures in a porcine model.
Multiple treatments of the skin and subcutaneous tissue dem-
onstrated apoptosis in the adipose tissue. The apoptotic index
increased from an average of 7% prior to start of the treat-
ment to an average of 53.4%, 39.6%, 40.2%, and 44.7% after
each of the four treatments. The thermal gradient (difference
in temperature between the skin and the adipose tissue) was
on average 3.1 degree Celsius and confirmed that the temper-
ature was higher in subcutaneous tissue compared to the skin
surface. The laboratory, histological or pathological analyses
did not indicate any safety risks or side effects

In conclusion, the results of this study support the hypothesis
that a focused monopolar radiofrequency treatment can induce
apoptosis in adipose tissue via heat activation. Based on the

D. McDaniel, K. Fritz, A. Machovcova, et al.

findings of this preclinical animal study, human clinical stud-
ies looking at the improvement in body shaping as well as the
potential for an effective approach for the prevention of excess
body fat, is warranted.
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“Deep Heating” Noninvasive Skin Tightening Devices:
Review of Effectiveness and Patient Satisfaction
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ABSTRACT

Non-surgical aesthetic devices intended for treatment of lax and loose skin have gained popularity due to their ability to non-invasively
improve patient's aesthetic condition and its low side effect profile. This study is intended to review available peer reviewed literature
about Ultherapy, ThermaCool, and Exilis Ultra 360 non-invasive skin tightening devices to compare their treatment efficacy and patient

subjective satisfaction.

J Drugs Dermatol. 2017,16(12):611-615.

INTRODUCTION
esthetic improvement in the appearance of facial wrin-
kles, redundant facial, neck, or body laxity is a major
feature of aging. Monopolar radiofrequency (RF) and
ultrasound sources became a treatment of choice for non-abla-

tive tissue tightening by volumetric tissue heating of the deep
dermis.

Non-ablative radiofrequency devices have gained popularity
because of their ability to offer improvement of skin laxity with-
out the postoperative recovery or financial burden of surgical
procedures. It remains in demand secondary to its lower side
effect profile and remarkably short post procedural downtime.

This continuing shift away from ablative and invasive aesthetic
procedures continues to be driven largely by patient and clini-
cian preferences.' According to the American Society Aesthetic
Plastic Surgery, 526,000 non-surgical skin tightening proce-
dures (annual growth of 11 %) were performed in 2016 in the
United States.?

The aim of this clinical paper is to review available literature
for selected aesthetic devices utilizing deep tissue heating (Ul-
therapy, ThermaCool, Exilis Ultra 360). The data reported herein
are based on a retrospective review of peerreviewed clinical
studies. Aforementioned devices are evaluated for safety and
efficacy. In everyday practice, patient’s perceived improvement
typically outweighs the practitioner’s scoring. Therefore, most of
the clinical studies utilize subjective patient satisfaction scores.

1D) M{GISAN (O]
Ultherapy (Ulthera, Merz North America, NC)
The Ultherapy procedure is indicated for use in: lifting skin on

the neck, on the eyebrow and under the chin as well as improv-
ing lines and wrinkles on the décolletage.

The first aesthetic use of high intensity focused ultrasound
(HIFU) was introduced in 2008 and it was FDA cleared for brow-
lifting a year later. Currently, the microfocused ultrasound
(MFU) is being used for non-invasive tissue remodeling.

Currently available transducers emit frequencies of 10.0 MHz,
7.0 MHz, and 4.0 MHz with focal depths of 1.5 mm, 3.0 mm, and
4.5 mm, respectively. The higher energy transducers allow en-
ergy deposition in smaller anatomical regions. The ultrasound
beam is focused to a point less than 1 mm? in size below the
skin surface (in the superficial muscular aponeurotic system) to
form “thermal coagulation points”® Temperature inside of such
points is increased to 65°C. Superficial layer of skin remains
un-affected. This results in immediate collagen contraction
and initiates collagen synthesis. The device incorporates auto-
matic ultrasound imaging of the tissue for controlled energy
delivery and acoustic coupling of the probe.The treatment zone
is 26 mm and 14 mm in length, for the standard and the nar-
row transducers, respectively. Treatment is administered in a
“stamping” manner.

A prospective cohort study* described results of facial treat-
ment with the 4 MHz and 7 MHz transducers. At 90 days, 30
patients (86%) showed clinically significant brow-lift with a
1.7 mm mean elevation of the eyebrow. Fabi et al® treated 70
patients on the neck. Quantitative assessment indicated that
72.9% of subjects achieved a visible tissue lift of > 20.0 mm? in
the sub-mental area. Three months after, the improvement was
still visible for 68.6% of patients treated in sub-mental and neck
area, and for 67% of patients treated on face and neck.

The long-term efficacy was studied also by Fabi et al.t At
180 days, physician GAIS score revealed that 77.7% patients
achieved improvement in the face and upper neck area, while
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patient evaluation resulted in 77.8% improvement. Blinded re-
viewers assessed photographs with an average score of 67%.

Park et al” treated 20 patients with approximately 420 shots each
spread among the supraorbital, zygomatic, infra-orbital, peri-
orbital, cheek, pre-auricular, and jawline areas. Physician’s GAIS
scale evaluation (improvement: 0- none, 1- mild, 2- mild/mod-
erate, 3- moderate, 4- severe) showed 0.9 overall improvement
after 90 days, and it stayed unchanged when re-evaluated at 180
days. Patient satisfaction score was 3.80 and 3.65 at 3 months
and 6 months, respectively (1- not satisfied; 2- somewhat satis-
fied; 3- satisfied; 4- very satisfied; 5- extremely satisfied).

Another study investigated improved efficacy when multiple
treatment passes had been used.® Neck and face were targeted
using the 4 MHz transducer followed by the 7 MHz transduc-
er on 10 patients. Clinicians reported 80% improvement at 90
days, with 20% patients showing no change. Patients reported
90% improvement by self assessment, but the overall outcome
was in most cases described as mild or moderate (N=7). The
mean pain score was 3.9 + 1.66 (range, 2-7) on the VIS. No pa-
tient reported pain at the follow up.

Oni et al® performed a large Ulthera sponsored study, evaluating
improvement in lower face/neck appearance in 93 patients treat-
ed with 4 MHz and 7 MHz transducers. At 90 days, 65.6% patients
reported their satisfaction with results, the remaining 34.4% saw
no improvement. According to masked evaluators, improve-
ment of skin laxity occurred in 54 patients (58.1%). In 16 patients
(17.2%) there was no change, and in 23 patients (24.7%) their con-
dition worsened. On a 0-10 scale, the average pain scores were
between 5.68 and 6.53 for submandibular region (5- moderate
pain, 6- increasing discomfort, 7- significant discomfort).

MFU was also studied for décolletage lifting and rhytids.” At 90
days, 96 % patients showed improvement according to PGAIS
score, 1 patient showed no results. According to SGAIS score,
100% of patients noticed some kind of aesthetic improvement,
all of them were very satisfied (37.5%) or satisfied (62.5%) with
provided treatment. At 180 days, they observed a decrease in all
aspects of the outcomes. PGAIS decreased to 86 % and SGAIS
decreased to 95%. The mean midclavicularto-nipple distance
decreased from 20.9 cm to 19.5 cm at the end of the follow up.

The most common post procedural findings were tenderness,
edema, erythema, bruising, numbness, and welts. In a 2014
clinical study on Ultherapy’s safety profile," most unexpected
AEs that happen in <0.4% of cases include pain, nerve irritation,
numbness/paresthesia, lumps, swelling, tingling, itchiness,
redness, hives/rash, headaches, swollen throat, and could
be attributed to incorrect treatment techniques or they are
classified as unrelated to the treatment. Gutowski'? reported
only mild side effects which resolved within 7 days, another

S. Chilukuri, J. Lupton

study’® reported side effects which lasted up to 3 months (skin
pigment changes, neuropathic pain, bruising). To overcome
pain-related side effects, topical or oral anesthetics were used
in numerous studies, improving the somatic experience during
the procedure. 58101214

Thermage ThermaCool (Solta Medical, San
Francisco, CA)

TheThermaCool procedure is indicated for use in: Dermatolog-
ic and general surgical procedures for electrocoagulation and
hemostasis; non-invasive treatment of periorbital wrinkles and
rhytids including upper and lower eyelids; and non-invasive
treatment of wrinkles and rhytids.

The system is made up of several components that allow deliv-
ery of electromagnetic energy to the skin through a single-use
treatment tip, which cools down its surface while the RF en-
ergy is being delivered. Energy settings are determined based
on anatomy of the treated area. Treatment tips come in various
sizes, currently 0.25 cm?, 1.0 cm?, 1.5 cm?, and 3.0 cm2.Tip heats
up the dermis to temperatures of 65-75°C, causing collagen de-
naturation while the epidermis is kept at 40°C. The cooling is
provided by a continuous application of cryogen spray onto the
inner surface of the tip membrane.

Initial studies showed modest results, particularly in improve-
ment of wrinkle scores of the face, neck, and brow. These
studies demonstrated that outcomes were more significant in
younger patients and when treating larger surface area with
increased number of treatments. Clinical results improved
over time as 4-month scores were statistically higher than the
1-month scores. Areas less responsive to treatments included
jowls, mandibular ridge, and neck. Because of significant pain,
anesthesia and oral pain medication was needed.’®'® A long-
term study of the skin tightening effect confirmed that multiple
treatments might be beneficial to patients as evidenced by Suh
et al.,"”” where 8 patients were observed over 6 years after hav-
ing an average of 4 sessions over that period.

Fitzpatrick et al'® investigated periorbital tightening on 86 sub-
jects. Review of photographs showed improvement in 83%
cases, with 14% patients seeing no change, and 3% patients
worsened. The same evaluation method showed lifting of eye-
brows in 62% cases. Patients were satisfied or very satisfied
with the treatment outcome in 50% of cases, with 49% patients
claiming their appearance improved. According to subjective
comfort rating, only approximately 7.5% of treatments (counted
for both sides of face) were painless, the remaining 92.5% pa-
tients reported mild/moderate/severe/intolerable pain.

Fritz et al® treated one group with single treatment (N =11)
and the second group with two treatments one month apart
(N, = 9), to evaluate the outcome of multiple treatments to
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nasolabial fold improvement. Patients who received two treat-
ments showed higher rate of improvement in self-assessment
rating.The overall change noted by physicians and patients was
modest, reaching the maximum of 14-16% improvement. Three
patients reported less than 10 % of overall improvement. All
patients experienced mild or mild-to-modest erythema.

Another study? focused on cheek and neck laxity treatment
found a 35% to 40% subjective improvement of nasolabial and
melolabial folds appearance, and 30% to 35% subjective im-
provement of neck laxity after one treatment session. Patients
described the procedure as moderately uncomfortable.

A multi-center study?' evaluated low-fluence algorithm in-
tended for facial laxity treatment. At 4 months, 95% of patients
showed improvement. Most patients (65%) had reported good
improvement (range, 26-50%) or very good improvement
(range, 51-75%). Five percent of patients showed no improve-
ment. Results were similar at 6 months when the number of
patients with no improvement increased to 8 %. Subjective
satisfaction was 78% at 4 months, and decreased to 70% at 6
months post treatment.

Short-lasting post procedural findings, such as erythema and
edema, are reported in the majority of patients.?? Edwards et
al?® reported that erythema lasted less than 24 hours in 50% pa-
tients; 1 patient had edema that lasted beyond one week. Weiss
et al. performed a large-scale retrospective study? and identi-
fied some of the rarer side effects of crusting, oozing, scarring,
bruising, pigment alteration, nerve damage, texture change, at-
rophy, burns, and prolonged swelling, pain, or erythema.There
was one case of fat atrophy causing a small depression on the
cheek, and one superficial linear crust. These resolved in 3.5
months and one week, respectively.

A degree of pain reported without pain management inter-
ventions in the earlier studies was severe (6 of 10 on a 1-10
pain scale)'” and vibration was added to modify pain fiber
recruitment.? Also the application of topical anesthetics is rec-
ommended prior to the treatment to increase tolerability.'61820.21

Exilis Ultra 360 (BTL Industries, Boston, MA)

The procedure is FDA cleared for use in: non-invasive der-
matologic and general surgical procedures for non-invasive
treatment of wrinkles and rhytids, to provide a temporary re-
duction in the appearance of cellulite.

The system is the latest generation of device based on the Exilis
platform. As such the review also includes all evidence relat-
ing to the older generations of the device. It is a monopolar RF
device with ultrasound component, and a number of built-in
safety features, including integrated Peltier cooling. The system
has 2 types of different hand applicators, one designed mainly

S. Chilukuri, J. Lupton

for the face, and one for the body. During the treatment, the
temperature in the treated tissue is raised to 40-45°C while the
handpiece is in continuous motion so that areas of skin with the
most laxity can be specifically targeted. When targeting deeper
layers, the skin is cooled and protected, allowing the heat to
reach deeper. Any spikes in RF delivery are automatically elimi-
nated due to constant energy flow monitoring. This virtually
eliminates the risk of burns. As such, it allows use of higher
power, which then leads to shorter treatment times.

Efficacy of the system on collagen remodeling was first studied
by stereological analysis in a veterinary study, which showed
large-scale increase of collagen (P=0.018) in the treated area.?®
The subjects received 4 treatments. Based on evaluation of 54
histological samples of epidermis and dermal-epidermal junc-
tion, the collagen content in the tissue increased from 9% to
26% (288% increase) at the 3-month follow-up.

Weiss and McDaniel?” confirmed that modified 2-treatment
only protocol is well tolerated by subjects, and produces sig-
nificant subjective as well as objective improvement. Three
months post treatments, 92% of patients showed improve-
ment in skin laxity based on evaluation of photographs. No
adverse events were reported. Objectively, skin density in-
creased by 19% at 3 months. Biopsies showed increase in
dermal collagen and elastin fibers which correlated with sub-
jective patient evaluation.

A recent study?® proved a high degree of versatility of the sys-
tem when evaluating efficacy on multiple body parts. Patients
(N=34) were divided according to their indication, and were
treated for laxity on face, arms, as well as for fat in thighs and
abdomen. Four 30-minute treatments were applied. Indepen-
dent evaluators recognized patient baseline photographs from
the 3-month follow-up in 92 % cases, with all groups scoring
above 90 % (the highest on facial photographs with 93%, the
lowest on arm photographs with 90.5%). On average, 8% pa-
tients showed no response. Patients satisfaction averaged 4.15
on a given scale (5- Strong satisfaction to 1- Strong dissatisfac-
tion), and they agreed that the treatment was comfortable with
average score of 4.06 (5- Strongly agree, 1- Strongly disagree).
There was no post-treatment pain or skin damage.

The efficacy for fat treatments was described by McDaniel et
al.®The study proved that the unit can selectively heat fat, caus-
ing apoptosis of adipocytes. The skin surface remained intact,
while subcutaneous fat showed apoptotic index increase from
7% to an average of 44% after the last treatment. Study also
proved safety through histological analysis, blood chemistry,
and hematology samples.

The efficacy has also been investigated when treating laxity of
female intimate parts. A study published in Lasers and Surgery
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TABLE 1.
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Comparative Summary of Non-Invasive Skin Tightening Devices

Manufacturer Merz (NC)

Technology Microfocused Ultrasound

Collagen denaturation and

Mechanism of action .
echanism of actio subsequent synthesis®

Treatment Time

(Full Face in min) 60-85%
Number of Treatments 1-2°
Therapeutic Temperatures (°C) 65
Anesthetics YES

58.1-96.0 %°"
65.6-95.0 %°™

Clinical Efficacy

Patient Satisfaction

Pain (0-10 score) 3.9-6.56321°
Non-responsive Patients 14 - 20.0 %°"
Worsgrnng of Patient's 24.7 %10
Condition

Serious Adverse Events Rare

*Including anesthesia

in Medicine® presents an average 2.9 point (of maximum 4) im-
provement in vulvar appearance after 4 treatments, accompanied
by increased sexual function measured by FSFI score from initial
75% to 87%. No adverse events were reported. Later on, vaginal
treatments have also been studied by other investigators.?'32

In general, post procedural findings included only mild ery-
thema which is also considered the therapeutic endpoint of a
proper treatment. No adverse events, nor long-lasting side ef-
fects have been reported.

CONCLUSION

A summary of most important disciplines is in Table 1, com-
paring aspects crucial from both the physician’s and patient’s
perspective.The data is based on available peer-reviewed trials.
Quantitative comparison is stated in percentages due to non-
uniform approaches to efficacy and safety evaluation in the
respective studies.

All 3 devices have solid clinical evidence behind and proved
efficacy in tissue laxity treatment. Exact clinical efficacy var
ies among the devices and also seems to be dependent upon
the study design, treated body part and selected outcome
measures. Some of the studies have been sponsored by the
manufacturers (Oni et al., White et al., Polder et al., etc.), thus
leaving room for bias.

Solta Medical
(San Francisco, CA)

BTL Industries Inc.
(Boston, MA)

Monopolar RF Monopolar RF

Collagen remodelling;
increase of elastin and collagen
fibres (small applicator)?,
fat apoptosis (large applicator)?®

Collagen remodelling'®

60-120'5* 45%
125 2-42728
65-75 40-45
YES NO

47-95 %1819.20
53-78 %719.21.22

89-93 %83
77-95 9,2830,32

6'® No data
5 - 14 %19,22 3 - 8 %28,31
2.5 %" No Data
Rare None

Two of the devices leverage higher therapeutic temperatures
to achieve results at a smaller number of treatments. This
seems to be paid off by increased patient discomfort and the
need to use anesthetics, which also prolongs the overall time
needed for each session. Exilis Ultra 360 protocol consists of 4
treatments, but shows higher patient comfort. The efficacy of
two-treatment protocol was also investigated and proved by
Weiss et al. More evidence is likely to appear over time, but as
of now there seems to be no clear correlation between the 3 dif-
ferent therapeutic temperatures and clinical efficacy.

None of the studies investigated in more detail how the patient
profile influences clinical results. Number of non-responding
patients is comparable for Exilis Ultra 360 and ThermaCool de-
vices, ranging from 3% to 8%. Ultherapy studies show slightly
higher percentage of non-responders, which was reported by
Oni et al. (17.2%), Lee et al. (20%), or Fabi et al. (14%). Oni et al.
also reported that after Ultherapy treatment, for 24.7% patients
the post-treatment outcome was evaluated as worse against
the baseline. Additional research is needed to allow for proper
expectation management in patients.

This retrospective review primarily focused on patient satisfac-
tion and treatment efficacy based on comparison of validated
peer reviewed articles of three non-surgical skin tightening de-
vices. Despite the slight differences in principles of mechanism
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of action, all reviewed devices proved their therapeutic effect
on tissue tightening. While the Ultherapy device is specialized
mostly on the face, neck and décolletage area, theThermaCool,
and Exilis Ultra 360 are widely used to treat different body parts.
The highest rate of versatility offers the Exilis Ultra 360 device,
which can be used for treating additional areas such as back,
hands, bra fat, forearms, thighs, and female intimate parts.
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ABSTRACT

Introduction:

Stretching of the vaginal tissue caused by natural factors
as aging or childbirth is the primary cause of vaginal laxity
and loss of sexual satisfaction in women. Such medical
condition can lead to physical and/or psychological
health problems that impact relationship happiness. This
prospective study investigates the treatment of vaginal
looseness and sexual dissatisfaction with a noninvasive
radiofrequency device.

Materials and methods:

We enrolled 51 patients (average age 44.43+9.85 years)
who reported vaginal looseness symptoms and sexual
dissatisfaction. They received 3 treatments with the
EXILISULTRA360device (BTL Industries, Boston MA, USA)
spaced by one week. Each session consisted of separate
consecutive intravaginal and extravaginal application using
the disposable tips. Therapy parameters were set according
to the manufacturer’s recommended protocol. Patient sexual
satisfaction was evaluated by the Female Sexual Distress
Scale-Revised questionnaire (FSDS-R) and the degree
of vaginal looseness was measured by the Vaginal Laxity
Questionnaire (VLQ) at the baseline and 90 days post
treatments. Patient comfort during each procedure was
assessed using a Visual Analogue Scale (VAS). Signed
informed consents were obtained from all patients.

Results:

The average FSDS-R score improved (p<0.001) by 72.79%
from 15.60+9.22 to 4.2415.71 points, with 93.33%
of patients showing improvement in sexual satisfaction.
Over 55% of patients reported complete absence of any
dysfunction 90 days post treatments. VLQ showed vaginal
tightness improvement in almost 96% of patients (p<0.001)
with the average increase of 2.63+1.41 points (1-7 scale).

At the follow-up, all patients uniformly reported they don’t
feel any degree of vaginal laxity at all (VLQ=4). Some level
of discomfort was reported in 2.65% of treatments, with the
rounded average VAS discomfort score reaching zero.

Conclusion:

The EXILIS ULTRA 360 proved safe and effective for
treatment of vaginal looseness which resulted in a significant
improvement of sexual life satisfaction.

INTRODUCTION

With advancing life most women face an increasing
looseness of vaginal tissue architecture referred
to as vaginal laxity. It's associated with the effects of aging’,
weakening of connective tissue?, and trauma to the pelvic
muscles caused by childbirth®. All these factors contribute
to an overall sexual dysfunction which may lead to long-
term physical and psychological consequences. The exact
prevalence of vaginal laxity symptoms is unknown, yet
it's generally considered a highly underreported condition
as stated by over 80% of the International Urogynecological
Association members*. If untreated, vaginal laxity can
significantly impact patient’'s self-esteem and quality
of life*. It's linked with a decreased sexual sensation
during intercourse, impeded sexual life satisfaction and
dysfunctional relationships®’. Laxity is often observed
together with urinary incontinence symptoms or chronic
changes in pelvic muscles organization®®.

Vaginal looseness can be addressed by exercise-based
non-surgical therapies such as the Kegels or through a pelvic
floor therapy, but recently various energy-based devices
have become widely popular which include minimally
invasive fractional CO, laser ablation and non-ablative
radiofrequency (RF) heating®¢®'°. These technologies



allow relatively comfortable and safe treatments focused
on the vaginal area, in contrast with a more painful
surgery which may often lead to an increased risk
of dyspareunia™. Surgical interventions are used to perform
reconstructive changes of the vaginal area'? while the
energy-based devices rely on natural reparation of laxity
through stimulation of collagen/elastin fibers regeneration,
contraction of collagen, neovascularization and improved
lubrication™.

This study evaluates the efficacy of RF volumetric heating
for treatment of vaginal laxity and sexual dysfunction
in women reporting vaginal looseness symptoms.

METHODS

In total 51 sexually active women (all of whom reported
vaginal laxity and/or sexual life dissatisfaction) were enrolled
into a single-arm prospective study. See Table 1 for detailed
data. The following exclusion criteria were applied: age<25,
sexual inactivity, active gynecologic problems (bleeding,
injury, infection or pain), metal 1UD, current pregnancy,
or any contraindication to RF energy treatments. Written
informed consents were obtained from all participants.

Patients (N) 51

Age (avgSD) 44.43+9.85
BMI (avg+SD) 28.80+5.66
Natural deliveries

(N) 74
(Avg+SD) 1.45+1.12
Number of natural deliveries (N/%)

0 14 (27.45%)
1 11 (21.57%)
2 16 (31.37%)
3 9 (17.65%)
4+ 1(1.96%)
C-Section

(N) 27
(AvgSD) 0.53+0.92
Number of C-Sections (N/%)

0 35 (68.63%)
1 8 (15.69%)
2 6 (11.76%)
3 1(1.96%)
4+ 1 (1.96%)

Table 1. Demographic and clinical data.

Subjects were treated in 3 sessions across 3 weeks. Each
session comprised both an intra-vaginal and an extra-
vaginal application using the EXILIS ULTRA 360 device
(BTL Industries, Boston MA). The one-off disposable
applicator tips were used.

The Female Sexual Distress Scale-Revised questionnaire
(FSDS-R) was used to assess changes in patents’
confidence about their sexuality. A 7-point scale Vaginal
Laxity Questionnaire (VLQ) was used to evaluate changes
in patients’ subjective perception of vaginal laxity/looseness.
All evaluations were made at the baseline and 90 days post-
treatments. Immediately after each session a 0-10 Visual
Analogue Scale (VAS) was used to determine the level
of patient’s treatment discomfort. Paired t-test (a=5%) was
used to determine the statistical significance of results.

Results

No anesthetics were required. The procedures were well
tolerated when 94.12% of patients (N=48) didn’'t report
any pain at all with regards to the RF delivery throughout
the 3 sessions, while in 2.65% of procedures the patient
reported certain level of discomfort (avg. score 0.085 out
of 10). No adverse events were reported.

The results presented herein include FSDS-R data from
45 subjects (four subjects had a score of 0 already at the
baseline; two subjects were lost to follow-up) and VLQ
data from 49 subjects (two subjects were lost to follow-
up). The average FSDS-R score improved by 72.79
% from 15.60+9.22 (baseline) to 4.2415.71 (follow-up)
(p<0.001) with statistically significant improvement in 12
out of 13 questions. In total 42 subjects (93.33%) reported
improvement, with 25 subjects (55.55%) reaching a zero
FSDS-R score at the follow-up, indicating a total absence
of any sexual dysfunction. Three patients didn’'t respond
to the treatments and either reported no improvement
(2.22%) or worsening of the initial condition (4.44%). See
Table 2 for detailed data of patient’s score improvement
in each question.

The average VLQ score improved by 76.33% (2.63+1.41)
from 3.45%£1.26 at the baseline (corresponding to slight
looseness/neither tightness nor looseness) to 6.08+0.72
at the follow-up (corresponding to moderate tightness)
(p<0.001). In total 47 (95.92%) patients reported some
level of improvement while 2 (4.08%) patients didn’t feel
any change. The percentage of subjects who reported
perception of vaginal laxity improved from 57.14%
(baseline) to 0% (follow-up). At the follow up, 97.96%
of patients reached some degree of tightness. See Table
3 for detailed data.



FSDS-R QUESTION

AVERAGE SCORE

PATIENTS
IMPROVED (%)

PRE-TX 3-M FU P-VALUE

1) How often do you feel distressed about your sex life?

2) How often did you feel unhappy about your sexual relationship?
3) How often did you feel guilty about your sexual difficulties?

4) How often did you feel frustrated by your sexual problems?

5) How often did you feel stressed about sex?

6) How often did you feel inferior because of sexual problems?
7) How often did you feel worried about sex?

8) How often did you feel sexually inadequate?

9) How often did you feel regrets about your sexuality?

10) How often did you feel embarrassed about sexual problems?
11) How often did you feel dissatisfied with your sex life?

12) How often did you feel angry about your sex?

13) How often did you feel bothered by low desire?

1.56 0.44 <0.001 75.56%
1.47 0.44 <0.001 71.11%
1.33 0.36 <0.001 62.22%
1.31 0.29 <0.001 68.89%
1.33 0.36 <0.001 64.44%
1.02 0.29 <0.001 55.56%
0.98 0.22 <0.001 51.11%
1.24 0.29 <0.001 62.22%
0.78 0.27 <0.01 42.22%
1.04 0.29 <0.001 55.56%
1.47 0.36 <0.001 68.89%
0.44 0.27 >0.05 22.22%
1.62 0.38 <0.001 71.11%

TOTAL STUDY AVERAGE AND OVERAL IPROVEMENT mm <0.001 _

Table 2. FSDS-R questionnaire evaluation.

PRE-TX 3M FOLLOW-UP
SCORE INTERPRETATION

| Patients(N) | Patients (%) Patients (N) Patients (%)
2 0

1 Very loose 4,08% 0,00%
2 Moderately loose 18,37% 0 0,00%
3 Slightly loose 17 34,69% 0 0,00%
4 Neither tight/loose 1 22,45% 1 2,04%
5 Slightly tight 6 12,24% 8 16,33%
6 Moderately tight 4 8,16% 26 53,06%
7 Very tight 0 0,00% 14 28,57%

Table 3. Evaluation of vaginal laxity.

Discussion

This study evaluated non-invasive RF treatments
of sexually active women after childbirth affected by sexual
dysfunction. The physiological response to the heating
is described as a re-activation of fibroblast cells leading
to neocollagenesis and neoelastogenesis. This concept
was proven in both animal and human studies when treating
the skin'*'5, as well as after treating the vaginal tissue'®.

RF heating for treating vaginal laxity and sexual functions
was already documented by previous authors®”'%'. The
data presented herein show significant improvement in all
FSDS-R dimensions (p<0.01) except for question 12 (p>0.05)
which can be attributed to the low baseline score limiting
any improvement potential. Overall the results suggest
a substantial improvement in patients’ sexual intercourse
satisfaction. The average FSDS-R improvement exceeds

what Sekiguchi et al have reported and is comparable
to results published by Torre and Miller, while the latter study
included 22 treatments over 45 days and reported a lower
percentage of patients responding to the therapy.

The subjects treated in this study reported on average
much less severe vaginal laxity before treatments than what
is shown in previous publications®”'%7 yet the average
VLQ improvement post-treatments reaches similar values.
This suggests that the treatments are highly effective for
a wide spectrum of women, including those with only a mild
or a less sever condition. The relatively higher average pre-
treatment VLQ score may also help justify why close to 98%
of the treated patients reported some degree of vaginal
tightness at the follow-up. The arbitrarily small average
discomfort score is consistent with previous studies on RF
vaginal application except Sekiguchi et al.



Although previous authors have confirmed that patients
preserve the improvement 6 and 12 months after similar
RF-based treatments, future research might be necessary
to validate such hypothesis for the investigated device,
as well as to confirm its efficacy in a sham-controlled study.

Conclusion

The investigated device is safe and effective for treating
sexual dysfunction and vaginal laxity in post-pubertal
women non-invasively.
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