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mechanischen Schmerzrezeptoren umgangen, und das subdermale 
Gewebe kann bis zu einer Tiefe von 8 mm behandelt werden.

Ohne tiefgehendes Wissen könnte man annehmen, dass ohne 
vollständiges Einführen der Nadel oder mehrfache Durchgänge 
“microneedling-ähnliche” Ergebnisse nicht erzielt werden können.  
Die klinischen Studien deuten jedoch auf das Gegenteil hin.

Unter anderem Duncan sowie Clark-Loeser & Halaas führten Studien 
zur Single-Pass Anwendung im Gesicht bzw. zur Behandlung am 
Körper durch. Beide Studien umfassten drei Therapiesitzungen und 
zeigten beeindruckende Ergebnisse mit hoher Patientenzufriedenheit. 
Clark-Loeser berichtete, dass 82% der Probanden die Behandlungen als 
angenehm empfanden und es eine 41%ige Reduktion von Aknenarben 
gab, wie durch 3D-Fotoanalyse nachgewiesen wurde. Die zweite 
Studie zeigte, dass 90% der Probanden selbst eine signifikante 
Verbesserung ihres Erscheinungsbildes meldeten, bei lediglich 
leichtem Schmerzempfinden und 98% äußerten Zufriedenheit mit den 
Ergebnissen. 7,8.
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mechanischen Schmerzrezeptoren umgangen, und das subdermale 

WIRKMECHANISMUS
RF-Microneedling ist eine minimal-invasive ästhetische Behandlung, die
das Erscheinungsbild der Haut durch kontrollierte thermische 
Mikroverletzungen in den tieferen Schichten der Dermis verbessert. 
Erreicht wird dies durch den Einsatz feiner Mikronadeln, die zusätzlich 
Radiofrequenzenergie abgeben. Während der Behandlung wird das 
Zielgewebe auf Temperaturen zwischen 60 bis 80 °C erhitzt, was zu 
einer Koagulation und Denaturierung alter Kollagen- und Elastinfasern 
führt.1–4 

Allerdings weisen bestehende Technologien einen Nachteil in der 
Komfortabilität der Behandlung auf. Dieses Unbehagen schreckt oft 
Patienten davon ab, weitere Behandlungssitzungen aufzusuchen. Die 
Schmerzen werden durch das Eindringen der Nadeln und die RF-Energie 
im Gewebe verursacht, insbesondere bei subdermalen Behandlungen, 
die tiefe Nadelpenetrationen erfordern. Das Schmerzempfinden steigt 
mit der Eindringtiefe der Nadeln, was mit der Aktivierung mehrerer Arten 
von Mechanorezeptoren in der Dermis zusammenhängt, einschließlich 
Schmerzrezeptoren.5,6.

Die EXIONTM Fractional RF-Microneedling-Technologie bietet ein 
komfortableres Erlebnis, indem sie eine einzigartige Kombination 
aus monopolarer Radiofrequenz und KI-gesteuerter Energieabgabe 
verwendet, die eine tiefe Gewebepenetration ohne vollständige 
Nadelinsertion ermöglicht. Die EXIONTM Fractional RF-Technologie 
überwindet das intensive Schmerzempfinden, indem sie die Nadel 
nur 4 mm tief einführt und darunter einen zusätzlichen thermischen 
Gradienten von 4 mm erzeugt. Auf diese Weise werden die tiefen 
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EXIONTM Fractional RF ist eine bahnbrechende Technologie,  
die die Wahrnehmung von mikronadelbasiertem Radiofrequenz-
Microneedling als schmerzhaftes Verfahren verändert. Sie verbessert 
das Empfinden der Patienten hinsichtlich der Behandlung und erzielt 
gleichzeitig hervorragende Ergebnisse bei der Behandlung von 
Dehnungsstreifen, Aknenarben und insgesamt bei der Hautverjüngung 
sowie bei der subdermalen Remodelierung.
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EFFICACY AND SAFETY OF NOVEL AI-CONTROLLED FRACTIONAL 
RADIOFREQUENCY FOR ACNE SCARS TREATMENT AND SKIN TEXTURE 

IMPROVEMENT

L. R. Clark-Loeser, M.D.1, Y. Halaas, M.D., FACS2

1. Precision Skin Institute, Davie, FL, USA, 2. Yael Halaas, MD, New York, NY

Presented at the Annual Meeting of the American Society for Laser Medicine and Surgery, 2022

• 34 patients (30 women, 4 men)

•  3 single-pass FRF treatments, 7-14 days apart

•  All patients attended 1-month and 3-month follow-ups

•   The efficacy of the treatment was analyzed using the GAIS evaluation          
as well as 3D skin analysis

Acne scar improvement on a 26-year-old patient at baseline (left) and 6-month follow-up visit (right)
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INVESTIGATION OF HISTOLOGICAL CHANGES INDUCED BY A NOVEL 
FRACTIONAL RADIOFREQUENCY DEVICE FOR SKIN REJUVENATION IN 

PORCINE SKIN TISSUE

MVDr. J. Bernardy Ph.D.1

1. Veterinary Research Institute, Brno, CZ
 

Presented at ODAC Dermatology Conference 2023, Orlando, FL

• Three swines were treated (on average 5 years old)

•  The goal of this study was to evaluate effects of insulated and                  
non-insulated needles on skin texture

•  Samples were collected 1 week, 3 weeks, and 42 days post-treatment         
and evaluated by PCR assessment of collagenases

• Both needle types induced a strong neocollagenesis response
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EVALUATING THE EFFICACY OF FRACTIONAL RADIOFREQUENCY 
TREATMENT FOR FACIAL ACNE SCARS AND WRINKLES: 

 PRELIMINARY DATA

Diane Duncan M.D., FACS1

1. Plastic Surgery Associates, Fort Collins CO, USA
 

Presented at the American Society for Laser Medicine and Surgery (ASLMS), Phoenix, Arizona, April 13-16 2023

•  14 patients (13 women and 1 man) received facial or body treatment

•  3 single-pass FRF treatments spaced 7-14 days apart

•  The results were analyzed using comfort and pain assessment as well as 

 GAIS evaluation

•  All patients attended a 1-month and 3-month follow-up

Acne scars improvement in a 22-year-old patient 
during 3-month follow-up visit (right) compared to baseline (left)
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Targeted ultrasound directs high-frequency mechanical waves to 
the reticular dermis, where the most active fibroblasts reside. The 
mechanical stimulation caused by the ultrasound waves induces 
vibrations in the tissues, including the fibroblasts, resulting in an energy 
buildup within the reticular dermis that leads to the heating of the tissue 
up to 42°C. Ultrasound waves activate cell receptors, causing changes in 
gene expression and protein synthesis within fibroblasts. This enhances 
their responsiveness to radiofrequency waves, which can disrupt the 
cellular environment and increase the production of hyaluronic acid, 
collagen, and elastin fibers.3 collagen, and elastin fibers.

EEXXIIOOONNN.CCCCOOOMM  ||  #E#EXIX ONNNNO

MECHANISM OF ACTION PAPER

Not many know that the first signs of aging are often due to a shortage 
of hyaluronic acid rather than changes in collagen or elastin. Hyaluronic 
Acid creates volume and provides structural support, intense hydration, 
and plumping e�ects to the skin.1 Unfortunately, its concentration 
decreases as we age. At age 60, our skin has 50% less hyaluronic 
acid than when we were in our 40s.2 Thus, aestheticians counter the 
hyaluronic acid depletion by delivering manufactured HA into the skin 
through topical solutions, injectable dermal fillers, and oral remedies, 
which may substitute the natural function of skin cells but do not 
encourage the body to produce more HA on its own.1

Specialized cells called fibroblasts produce HA, as well as collagen and 
elastin. However, with age, their activity decreases which leads to the 
continuous depletion of all three components. Yet, it has been shown 
that the fibroblast activity can be rebooted by exposure to external 
stress, such as mechanical or heat stress. Studies documented that 
heat or mechanical stimulation is able to enhance collagen and elastin 
levels. However, the hyaluronic acid levels remained intact.3 The studies 
also found slight variations in the responses to di�erent types of 
stress. Therefore it has been proposed that inducing the two types of 
responses simultaneously could be the key to restarting the production 
of hyaluronic acid as well. For this purpose, a new technology has 
been developed. It combines monopolar radiofrequency and targeted 
ultrasound to provide the two required stress factors and it has indeed 
been shown to e�ectively boost the production of all skin components, 
including hyaluronic acid. 4–8 

The monopolar radiofrequency homogeneously heats the entire dermis 
to 40-42°C which induces therma stress on fibroblasts and targets 
aged and rigid collagen and elastin fibers in the dermis.10 The thermal 
energy triggers collagen coagulation and rapid skin tightening, evoking 
the restorative process, which promotes the production of new collagen 
and elastin. This allows for improvement in the dermal structure resulting 
in skin improvement through neocollagenesis and neoelastinogenesis.9

t  ts higeed ultrrasoasoundund di direcrect  t  

Area of HA 
production

Simultaneous RF & Targeted Ultrasoundaneous RF F F F F & T T& T& T&  argargargarggeteeteteteet d Ultr
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BEFORE

Confocal microscopy images show that at the 2-month follow-up, the 

network in the dermis of the RF+TUS group appears denser with more green 

fibers compared to the baseline on the left

AFTER

Multiple clinical studies showed that directing the ultrasound to the 
reticular dermis is absolutely crucial for increasing the concentration 
of HA in the skin, as demonstrated by Duncan et al., who found 
that only targeted ultrasound and RF resulted in increased HA 
production, while the RF with general non-targeted ultrasound did 
not yield any significant changes. The group treated by RF + targeted 
ultrasound showed up to a 224% increase in HA concentration.4  
Similarly, Fritz et al. showed that RF+TUS led to a significant increase in 
hyaluronic acid levels in porcine skin samples, while radiofrequency alone 
did not have the same e�ect, highlighting the importance of targeted 
ultrasound in altering tissue composition.6 Findings from the animal 
studies were confirmed by Goldberg et al.́ s study on human subjects.7 
Kent et al.’s porcine study then documented that this technology can 
significantly increase collagen (by 47%) and elastin (by 50%).8 The 
improvement in skin structures translated into an overall improvement 
in skin appearance, as evidenced by Chilukuri&Boyd’s study showing 
increased skin hydration (by 23%) and improved skin texture (by 41 %). 
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RRFFFFF+++NNNNoooonnnn--TTTTaaaarrrggggeeetttteeeddddd UUUUlllltttttrrrraaassssoooooouuunnnddd

AAAANNNNNNIIIMMMMMAAAALLLLL  HHHHHIIIISSSTTTOOOLLLOOOOOGGGGGGYYYY  SSSSSTTTTUUUUUUDDDDDYYYYY EEEEVALUATING
HHHHYYYYYAAAAALLLUUURROOONNIICCC AAAACCCCCIIIDDDD PPPPRRRRRROOOOODDDUUUUCTION

RRRRRFFFF++++TTTTUUUUSSSSS  GGGGrrroooouuuppppp

224%
MORE 
HYALURONIC 
ACID

HHHHiiiigggghhhhhhhllllliiiiiggggggghhhhhhhhtttttsssss

INCREASED LEVELS OF HYALURONIC ACID IN SKIN AFTER MONOPOLAR 
RADIOFREQUENCY AND TUS TREATMENT: PORCINE ANIMAL STUDY

Diane Duncan, M.D., FACS1, MvDr. Jan Bernardy PhD2, MVDr. Nikola Hodkovicova PhD2, 
PharmDr. Josef Masek PhD2

1. Plastic Surgery Associates, Fort Collins, CO, USA, 2. Veterinary Research Institute, Brno, CZ

Presented at the American Society for Laser Medicine and Surgery (ASLMS). San Diego, California, 27 April 2022

• 12 swines had four treatments of 30 minutes on each side of the abdomen

            6 treated by RF + Targeted Ultrasound (TUS)

            6 treated by RF + Non-Targeted Ultrasound

• 252 samples collected and analyzed using three different evaluation methods 
(PCR, MALDI-TOF, and Confocal Microscopy)

 •  Study shows that the use of Targeted Ultrasound is essential for stimulating 
the HA production, whereas the RF+US had no significant effect

Confocal microscopy images show that at the 2-month follow-up,
 the network in the dermis of the RF+TUS group appears denser with more green fi bers

 compared to its baseline on the left.

NO
SIGNIFICANT 
CHANGE 
IN HA
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IIIMMMMMMPPPPPRRRRROOOVVVEEEDDDDD SSSSSKKKKIIIINNNNN HHHHHYYYYYDDDRRRRRAAAATION 
AAAAANNNNNDDD SSSKKIIINNN TTTEEXXXXTTTTTUUUURRRREEEE BBBBYYY RRRRRRF+TUS

41% 23%
Immmmmmppppprrroooovvvvveeeemmmmeeennnntttt iiinnn  ssskkkkiiinnn tttteeeexxxxtttttuuuurrreeeee IIIInnncccrrrreeeeeaaaasssseeee  iiiinnn  ssskkkkiiiinnnn  hhhhyyyydddddrrrraaaatttttiiiiiooooonnnnn

HHHHiiiigggghhhhhhhllllliiiiiggggggghhhhhhhtttttsssss

THE SIMULTANEOUS APPLICATION OF MONOPOLAR RADIOFREQUENCY 
AND TARGETED ULTRASOUND FOR IMPROVEMENT OF SKIN HYDRATION 

AND SKIN TEXTURE

Suneel Chilukuri, M.D., FAAD, FASDS1, Charles M. Boyd, M.D., MBA,FACS 2

1. Refresh Dermatology, Houston, TX, USA, 2. Boyd Beauty, Birmingham, Michigan, USA

Presented at the Annual Meeting of the Vegas Cosmetic Surgery, 2022

• 41 subjects (26-77 years) received four treatments 7-14 days apart

           Group A: RF+Targeted Ultrasound (TUS)

            Group B: RF only

•  3D Skin Analysis & Hydration Measurements were conducted

•  RF+TUS group achieved superior improvement of skin elasticity        
compared to RF only group

• 95% satisfaction rate at 3-month follow-up in the RF+TUS group

52-year-old patient from the RF+TUS group at baseline (left) and at 3-month follow-up (right)
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HHHHUUUUMMMMAAAAANNNN HHHHIISSTTTOOOLLOOOGGGGY: 
EEENNHHAAANNNCCCCCEEEEDDDD HHYYAALLUURRROOOOOONNNNNIIICC AAAACCIDDD PPRODUCTION

1.67x HIGHER HA 
DENSITY

HHHHiiiigggghhhhhhhllllliiiiggggghhhhtttssss

A NOVEL TECHNOLOGY TO BOOST NATURAL PRODUCTION OF 
HYALURONIC ACID IN THE SKIN TISSUE: HUMAN HISTOLOGY STUDY

David J. Goldberg, M.D., J.D.1

1. Skin Laser and Surgery Specialists, a Division of Schweiger Dermatology, Hackensack, NJ
 

Presented at the Annual Meeting of the American Society for Laser Medicine and Surgery, 27 April 2022

•  7 patients divided into 3 groups received four treatments one week apart

            Three subjects (RF alone)

            Three subjects (RF+Targeted Ultrasound)

           One control subject

•  Biopsy samples were taken for analysis of HA levels by semi-automatic 
segmentation

Histology visualizes an increased amount of hyaluronic acid (shown as dark brown color)  
in the RF+TUS group, both at baseline (left) and at the 3-month follow-up (right)

IInn RRRFFFF++TTTUUUUSSS gggrrroouuupppp Inn  RRRFFFF ooonnnllllyyy gggrrroouupppp

NO
SIGNIFICANT 
CHANGE 
IN HA
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 !"#$%&'#(&))*)$#*+)#,-".#,'/#0!")"1*)".#0!"#(,2*)#1",0+)"#
*1#0!"#,'0&,-&'-#3)*4"$$#&$#$%&'#)"2+5"',0&*'6# !"#&'0)&'$&4#
,'/#"70)&'$&4#3)*4"$$"$#*1#$%&'#,-&'-#$!,)"#$&(&8,)#(*8"4+9
8,)#("4!,'&$($.#$+4!#,$#0!"#)",40&5"#*7:-"'#$3"4&"$#0!,0#
,)"#&'5*85"/#&'#;*0!#3)*4"$$"$#,'/#,11"40#0!"#,;&8&0:#*1#<9
;)*;8,$0$# 0*# 3)*/+4"#,88# 4*(3*'"'0$# *1# 0!"# "70),4"88+8,)#
(,0)&7# =>?@A.# 0!")"1*)"# "'!,'4&'-# 0!"# $&-'$# *1# ,-&'-6B

 !"#<)$0#$&-'#*1#,-&'-#(,:#;"#4,+$"/#;:#0!"#,;$"'4"#*1#!:9
,8+)*'&4#,4&/#=CDA#&'$0",/#*1#4!,'-"$#&'#4*88,-"'#,'/#"8,$9
0&'6E CD# &$# 0!"# (,2*)# -8:4*$,(&'*-8:4,'# 3)"$"'0# &'# 0!"#
!+(,'#$%&'#,'/#0!"#%":#4*'0)&;+0*)#0*#(*&$0+)"#)"0"'0&*'6#
F0#4)",0"$#,'#&'0")1,4"#;"0G""'#4*88,-"'#,'/#"8,$0&'#<;")#
,'/# 0!+$# <88$# 0!"# >?@.# &(3)*5"$# ("4!,'&4,8# $+33*)0# &'#
0!"#$%&'.#,'/#$4,5"'-"$#1)""#),/&4,8$6BH&0!#$+1<4&"'0#8"5"8$#
*1#CD.#0!"#$%&'#&$#!",80!:.#"8,$0&4.#<88"/.#,'/#)"0,&'$#,#:*+'-#
,33",),'4".#;+0#CD#&$#4*'$0,'08:#;"&'-#0+)'"/#*5")#&'#0!"#
;*/:#,'/#/"-),/"/#&'$&/"#0!"#8:$*$*("$#;:#!:,8+)*'&/,$9
"$#"'4*/"/#;:# !"#$%,'/# !"#&%-"'"$6I9J

 !"# /"38"0&*'# *1# !:,8+)*'&4# &$# 4+))"'08:# 0)",0"/# ;:#
)"2+5"',0&'-9)&4!# (*&$0+)&K")$.# G)&'%8"# 4)",($.# *)# &'2"49
0&*'$#4*'0,&'&'-#CD.#,'/#5&0,(&'$6# !"$"#("0!*/$#/&)"408:#
/"8&5")#CD#*)#5&0,(&'$#&'#0!"#$%&'#0&$$+"#,'/#$+;$0&0+0"#0!"#
1+'40&*'#*1#<;)*;8,$0$.#;+0#,)"#+',;8"#0*#)"$0*)"#0!"#;*/:L$#
',0+),8#,;&8&0:#0*#3)*/+4"#CD6#M,/&*1)"N+"'4:#=MOA#,'/#+89
0),$*+'/# =PQA#"'")-&"$#G")"#+$"/.#,&(&'-# 0*# )"$0*)"# 0!"#
$:'0!"$&$# *1# CD.# :"0.# ,$# $0,'/,8*'"# 3)*4"/+)"$# G")"#
R*'8:S# 1*+'/# 0*#$0&(+8,0"# 0!"#3)*/+40&*'#*1#4*88,-"'#,'/#
"8,$0&'"6E.T

D#'*5"8#0"4!'*8*-:#$&(+80,'"*+$8:#"(&0$#(*'*3*8,)#MO#
,'/#0,)-"0"/#PQ#= PQA#0*#+0&8&K"#0!"#;"'"<0$#*1#$:'")-&$0&4#
"11"40$#*1#;*0!#0"4!'*8*-&"$#G!"'#,338&"/#$&(+80,'"*+$8:6#
MO#4,+$"$#0!"#0"(3"),0+)"#0*#&'4)",$"#;:#*$4&88,0&'-#"8"49
0)&4,8#4+))"'0#0*#0!"#0)",0"/#0&$$+".#G!")"#&0#/)&5"$#4*88&$&*'$#
;"0G""'# 4!,)-"/# (*8"4+8"$# ,'/# &*'$.# 4*'5")0&'-# 0!&$#
%&'"0&4#"'")-:#&'0*#!",0.#G!&8"#PQ#&$#,#("4!,'&4,8#4*(3)"$9
$&*'#G,5"#0!,0#$0&(+8,0"$#0!"#0&$$+"#0!)*+-!#;*0!#("4!,'9
&4,8#,'/#0!")(,8#("4!,'&$($6U.V D80!*+-!#;*0!#(*/,8&0&"$#
4*'0)&;+0"# &'# 3)*5&/&'-#!",0# ,'/#("4!,'&4,8# $0)"$$.#  PQ#
&$#1*4+$"/#$&(&8,)#0*#0!"#G,:#(,-'&1:&'-#-8,$$#1*4+$"$#8&-!0.#
4)",0&'-#,#$(,88")#:"0#4*'4"'0),0"/#,)",#*1#"11"40#0!,0#,89
8*G$#1*)#/""3")#,'/#(*)"#,44+),0"#0,)-"0&'-6# !&$#"',;8"$#
!&-!")# 0"(3"),0+)"$# G&0!*+0# 4,+$&'-# +'/"$&)"/# "11"40$#
G&0!&'#0!"#)"0&4+8,)#/")(&$.#0!"#8*4,0&*'#G&0!#0!"#(*$0#,40&5"#
/")(,8#<;)*;8,$0$6V9BB  !"$"#,)"#("4!,'&4,88:#$0&(+8,0"/.#
8",/&'-#0*#,//&0&*',8#0!")(,8#&'4)"("'0$#,'/#(&8/#&'0),4"89
8+8,)#5&;),0&*'$#&'#0!&$#8,:")6
F0# &$#!:3*0!"$&K"/# 0!,0#4*(;&'&'-# 0!"# 0!")(,8#,'/#("9

4!,'&4,8# $0)"$$# *1# 0!"# <;)*;8,$0$# (,:# 0)&--")# 3)*4"$$"$#
0!,0#(,:#'*0# 8",/#*'8:# 0*#"'!,'4"/#4*88,-"'#,'/#"8,$0&'#
3)*/+40&*'# ;+0# (,:# ,40+,88:# ;**$0# 0!"# ',0+),8# $:'0!"$&$#
*1#CD#,$#G"886
 !&$#$0+/:#,&($#0*#/"0")(&'"#0!"#"11"40$#*1#0!"#$&(+80,'"9

*+$#+$"#*1#MO#,'/# PQ#0)",0("'0#*'#0!"#3)*/+40&*'#*1#CD#
,'/#0!"#&(3*)0,'4"#*1#0,)-"0&'-#0!"#"'")-:#0*#0!"#)"0&4+8,)#

/")(&$#1*)#0!"#;"$0#3*$$&;8"#*+04*("$6# !+$.#0!"#$0+/:#G&88#
4*(3,)"# 0!"# 0"4!'*8*-:# 4*(;&'&'-# MO# G&0!#  PQ# G&0!# ,#
0"4!'*8*-:#4*(;&'&'-#MO#G&0!#-"'"),8#'*'9 PQ6

METHODS

 !&$#&'5"$0&-,0&*',8.#$&'-8"94"'0").#E9,)(#,'&(,8#$0+/:#G,$#
,33)*5"/# ;:# 0!"# F'$0&0+0&*',8# D'&(,8# ?,)"# ,'/# P$"#
?*((&00""# ,'/# 0!"# >0!&4$# ?*((&00""# 1*)# D'&(,8#
W)*0"40&*'# *1# 0!"#@&'&$0):# *1# D-)&4+80+)"6#  !"# $0+/:# 0**%#
38,4"#;"0G""'#X+'"#,'/#Y40*;")#EZEZ6#F0#G,$#$+3")5&$"/#
,'/#3")1*)("/#;:# 0!"#["0")&',):#M"$",)4!# F'$0&0+0"# =[MF.#
\)'*.# ?]A.# ,# !*8/")# *1# 0!"# ^**/#  PQ+80)_,;*),0*):#
W),40&4"#D+0!*)&$,0&*'6#D'&(,8$#G")"#$0,;8"/#,0#0!"#[MF#/+)9
&'-#0!"#$0+/:#/+),0&*'.#G&0!#0!"#4")0&<"/#5"0")&',)&,'#,'/#
5"0")&',):#$0,11#!,'/8&'-#0!"#,'&(,8#4,)"#0*#$"4+)"#,'&(,8#
G"889;"&'-6
 G"85"#$*G$#='()%)*+,-"%-.%/,01)23*".#JZ9UZ#%-A#G")"#/&9

5&/"/# &'0*#E#-)*+3$6#\*0!#-)*+3$#+'/")G"'0# 1*+)#EZ#(&'#
0)",0("'0$# E# 0*# I# /,:$# ,3,)0# /"8&5")"/# 0*# 0!"# ,;/*("'6#
 !"#0)",0("'0#,)",#G,$#,33)*7&(,0"8:#E`#4(E6#Y'"#-)*+3#
=4%= JA#G,$#0)",0"/#G&0!#,#$(,88#,338&4,0*)#0!,0#$&(+80,'"9
*+$8:# "(&0$# MO# ,'/#  PQ# =>7&*'.# \ _# F'/+$0)&"$# F'46.#
\*$0*'.#@DA.#G&0!# 0!"#$"4*'/#=4%= JA# 0)",0"/#G&0!#MO#,'/#
'*'9 PQ# =\ _# >7&8&$# Q:$0"(.# \ _# F'/+$0)&"$# F'46# \*$0*'.#
@DA6#D88#+0&8&K"/#"'")-&"$#G")"#$"0#0*#BZZa6# !"#+'0)",0"/#
$&/"#*1#0!"#,;/*("'#$")5"/#,$#,#4*'0)*86
D'&(,8$#G")"#%"30#+'/")#-"'"),8#,'"$0!"$&,#/+)&'-#0!"#

0)",0("'0#3)*4"/+)"#,'/#$,(38"#4*88"40&*'6# !"#,'"$0!"0&4#
=W)*3*1*8#Ea#@? b_? #O)"$"'&+$.#/*$&'-# B9E#(-b%-A#G,$#
/"8&5")"/#0*#0!"#3&-L$#$:$0"(#;:#,'#&'0),5,$4+8,)#4,''+8,#
38,4"/#&'0*#0!"#",)L$#5"&'6#D88#,'&(,8$#G")"#3)"5"'0&5"8:#&'9
0+;,0"/#,'/#(*'&0*)"/#;:#"8"40)*4,)/&*-),(#=>c^A#G&0!#,#
4")0&<"/# 5"0")&',)&,'#*5")$""&'-# 0!"#5&0,8# $&-'$.# 0*-"0!")#
G&0!#,$$"$$&'-#$0+/:9)"8,0"/#,/5")$"#"5"'0$#,'/#$&/"#"19
1"40$6# !"#,'&(,8$#G")"#"+0!,'&K"/#;:#,'#,',8-"$&4#*5")9
/*$"# = JB# ,6+656# &'26.# F'0")5"0# F'0")',0&*',8# \6[6b@Qd# DCA#
,/(&'&$0")"/#;:#,#5"0")&',)&,'#,10")#0!"#$0+/:#4*(38"0&*'6
Q&7#0&$$+"#$,(38"$#=I#1)*(#0!"#0)",0"/#$&/"#,'/#I#1)*(#0!"#

+'0)",0"/#$&/"A#G")"#0,%"'#;:#,#J#((#3+'4!#;&*3$:#'""/8"#
,0#;,$"8&'".#,10")#0!"#8,$0#0)",0("'0.#,'/#B#,'/#E#(*'0!$#,10")#
0!"# 8,$0# 0)",0("'06#Y5"),88.#E`E#$,(38"$#G")"# 0,%"'#,'/#
+$"/# 1*)# ,',8:$&$6# P3*'# 0!"# ;&*3$:# "70),40&*'.# 0!"#
$,(38"# $&0"# G,$# '+(;"/# ;:# &'2"40&'-# 8*4,8# ,'"$0!"0&4#
=_&/*4,&'"#Ea#,6+656#&'26.#O,0)*#$636,6.#/*$&'-#E#(_#3")#;&*3$:A#
0*#)"8&"5"#0!"#3,&'#+3*'#G,%&'-#+36# !"#$,(38&'-#G*+'/#
G,$# /&$&'1"40"/.# "'48*$"/# ;:# E# 48,(3$.# ,'/# 4*5")"/# ;:#
,'#D8+(&'&+(#Q&85")#Q3),:#Q%&'#?,)"6
 !"#"11"40#*1#0!"#3)*4"/+)"$#G,$#"5,8+,0"/#;:#)",890&("#

N+,'0&0,0&5"# 3*8:("),$"# 4!,&'# )",40&*'# =M 9NW?MA.# (,$$#
$3"40)*("0):# $"3,),0&*'# 0"4!'&N+"# ;,$"/# *'# (*8"4+8,)#
G"&-!0# =@HA# +$&'-# (,0)&79,$$&$0"/# 8,$")# /"$*)30&*'#
=@D_dFA#&'#4*(;&',0&*'#G&0!#,#0&("9*19e&-!0#= YOA#,',8:K").#
,'/# ?*'1*4,8# (&4)*$4*3:6# M 9NW?M# &$# ,# 5"):# $"'$&0&5"#

E####################################################################################################################################### 51)2 123*%'(+61+!%7,(+4"#%8914%:,+(0
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 !"#$%&'!( #) ()**+,-( #!()./*%0") %+$(+1()(-/!"%0"(-!2.!$ (
+1( 345( )$6( .)7!-( "+/%!-( +1( 345( 18)2.!$ -( +8( 2!$!-9(
,#%"#( )**+,-(  #!( %6!$ %0") %+$( )$6( &')$ %0") %+$( :;( -%<!(
)$6("#)82!(+1(2!$!(-!&'!$"!-('-%$2(=%-')*(  !"#$%&'!->?@

A+(-'//+8 ( #!(6) )(+: )%$!6(:;(BAC&DEB()$)*;-%-9( #!(F5(
,% #%$( #!(-7%$( %--'!(,)-(!=)*') !6('-%$2( #!(G5H3IJAKL(
.! #+69(,#%"#(%-()$()$)*; %")*(.! #+6( #) (8!M!" -( #!(/8!-C
!$"!()$6().+'$ (+1(F5(%$( #!(+82)$%-.(:)-!6(+$(% -(GN>?O9?P

E+$1+")*(.%"8+-"+/;( %-( )(:8+)6*;('-!6(=%-')*%<) %+$(  !"#C
$%&'!(  +( 8!-+*=!(  #!(6! )%*!6(- 8'" '8!(+1(-/!"%0"(+:Q!" ->(
R)8%+'-("+./+$!$ -(+1("!**-(+8( %--'!(-!" %+$-(")$(:!(-/!C
"%0")**;(*):!*!6('-%$2(%..'$+M'+8!-"!$"!>(F5(%-(=%-')*%<!6(
:;(28!!$("+*+8()$6( #!("!**($'"*!'-(:;(:*'!("+*+8>?S

RT-qPCR Analysis

T7%$( %--'!(-)./*!-(,!8!(0U!6(%$(B45(*) !8(VA#!8.+(L%-#!8(
T"%!$ %0"9( N)* #).9( G5W9( *!1 ( 1+8( @P(#( ) ( PXE9( )$6(  #!$(
- +8!6() (−YZXE('$ %*(B45(!U 8)" %+$>

T7%$(  %--'!( -)./*!-( ,!8!( %$6%=%6')**;( 8!.+=!6( 18+.(
B45*) !89(68%!69("' (%$ +(-.)**!8(/%!"!-(,% #(- !8%*!(-"%--+8-9(
)$6( #+.+2!$%<!6( +$(  #!( G)24)H;-!8( VB+"#!9( [)-!*9(
T,% <!8*)$6W( %$( Z>\S(.H( +1( ABI( B!)2!$ ( BA( VG+*!"'*)8(
B!-!)8"#(E!$ !89(E%$"%$$) %9(KFW>(A+ )*(B45(18!!(+1(345(
"+$ ).%$) %+$(,)-(1'8 #!8(/'8%0!6('-%$2( #!(B4!)-;(G%$%(
7% (V]%)2!$9(F%*6!$9(̂ !8.)$;W()""+86%$2( +( #!(.)$'1)" '8C
!8_-(/8+ +"+*>(5""+86%$2( +( #!(.)$'1)" '8!8_-(%$- 8'" %+$-9(
 #!(B45(,)-(8!=!8-!*;( 8)$-"8%:!6( +(.!--!$2!8(B45('-C
%$2( #!(H'$)T"8%/ (BA(T'/!8G%U(`% (V4!,(a$2*)$6([%+H):-(
I$">9( I/-,%"#9(G5W>(A#!( %$6%=%6')*(-)./*!(B45(,)-(6%*' !6(
,% #(B4)-!C18!!(,) !8(V]%)2!$9(F%*6!$9(^!8.)$;W( +(+: )%$(
 #!(-).!(8!-'* %$2(B45("+$"!$ 8) %+$(1+8()**(-)./*!-9( #) (
%-9( ?( 2>(A#!("+$ 8+*(-)./*!-(,!8!( %$"*'6!6()$6(/8!/)8!6(
)-(8!"+..!$6!6(:;( #!(.)$'1)" '8!8>(A#!(8!-'* %$2(@Z( H(
8!)" %+$(,)-(#!) !6() (@SXE(1+8(@(.%$( +(!$-'8!(/8%.!8()$C
$!)*%$29(1+**+,!6(:;(SSXE(1+8(?Z(.%$(,#!$( #!("+./*!.!$C
 )8;( 345( V"345W( ,)-( -;$ #!-%<!6( )$6(  #!( 8!)" %+$( ,)-(
%$)" %=) !6(:;(bSXE(1+8(?(.%$>(L+8(8!=!8-!( 8)$-"8%/ %+$9( #!(
a$2%$!( A#!8.)*( E;"*!8( V[%+CB)69( F!8"'*!-9( E5W(  ++*( ,)-(
'-!6>( A#!( -)./*!-(+1( "3459( %$"*'6%$2(  #!( "+$ 8+*-9(,!8!(
- +8!6() (−@ZXE('$ %*(BAC&DEB9(,#%"#(")$(8!"+86( #!().+'$ (
+1(345( #8+'2#+' ( #!(";"*!9(,)-(/!81+8.!6>

[%+/-;(-)./*!-(,!8!(!=)*') !6(:;(.+*!"'*)8(:%+"#!.%-C
 8;( #8+'2#(2!$!(!U/8!--%+$(+1(.)87!8-( #) ()8!(%$=+*=!6(%$(
F5(/8+6'" %+$(/8+"!--!-( -'"#( )-(  !"#$9( "!"$9(%&'$9(%&'(9(
%&')9( )$6( .!.:8)$!( 8!"!/ +8( *+,,>( F;)*'8+$)$( -;$C
 #)-!-( VF5T-W( )8!( !$<;.!-( -;$ #!-%<%$2( .+*!"'*!-( +1(
F59( #!8!()8!(O( ;/!-(+1(F5T(:)-!6(+$( #!(.+*!"'*)8(6%C
.!$-%+$( +1( -;$ #!-%<!6( .+*!"'*!-( +1( F5cF5T?9( F5T@9(
)$6(F5TO>S9?d F5T@(-;$ #!-%<!6( *)82!C-%<!(.+*!"'*!-(+1(
F5(V@(× ?Zd(3)We( #!8!1+8!9(% (/*);-()(.)Q+8(8+*!(%$( #!(-;$C
 #!-!-(+1(F5(%$(0:8+:*)- -9(.;+0:8+:*)- -9()$6(.+- (%./+8C
 )$ *;( %$(  #!( 6!8.%-( % -!*19O9?\ ,#%*!( F5T?( 1)"%*% ) !-(  #!(
1+8.) %+$(+1( :+ #( *)82!( )$6( -.)**(.+*!"'*!-9( -;$ #!-%<!6(

:;(F5TO>?\C?b A8)$-1+8.%$2(28+, #(1)" +8(:! )(?(VA^LC!?W(%-(
)( .)Q+8( 8!2'*) +8( +1( :%+-;$ #!-%-( %$(  #!( aEG9(  #8+'2#+' (
 #!( )" %=) %+$( +1( -%2$)*%$2( /) #,);-(  #) ( 8!2'*) !( aEG(
2!$!-()$6(%$6'"!("+**)2!$9(0:8+$!" %$9()$6(!*)- %$(/8+6'"C
 %+$(%$( #!(6!8.%->? A^LC!"-%2$)*%$2(/) #,);(%-(!--!$ %)*(1+8(
.)%$ )%$%$2(- 8'" '8)*()$6(.!"#)$%")*(%$ !28) %+$(+1(6!8.)*(
"+$$!" %=!(  %--'!( :;( %$"8!)-%$2( aEG( /8+6'" %+$>( A^LC!?(
"+$ 8+*-(/8+*%1!8) %+$()$6("!**(6%11!8!$ %) %+$>?9\9@Z 5$()"%6%"(0C
:8+:*)- (28+, #(1)" +8(?(VL^L?W(/*);-()(8+*!(%$( #!(8!2!$!8)C
 %+$( )$6( /8+*%1!8) %+$( +1( 0:8+:*)- ( "!**-9( ,#%"#( /8+6'"!(
"+**)2!$()$6(!*)- %$9()$6(*!)6-( +(F5T(!U/8!--%+$()$6(-;$C
 #!-%-(+1(F5>?b9@Z E3PP(%-()(.)Q+8(8!"!/ +8(1+8(F5>S 51 !8( #!(
%$ !8)" %+$(,% #(F59(-!=!8)*(:%+*+2%")*(/8+"!--!-()8!()" %=) C
!6(-'"#()-(!$6+"; +-%-9("!**(.%28) %+$9(6%11!8!$ %) %+$(V-/!C
"%)*%<) %+$W9( )$6( /8+*%1!8) %+$( V"!**( 1+8.) %+$W>?d F5( %$(
"+$Q'$" %+$(,% #(E3PP(-'//+8 -(-7%$(  %2# !$%$29(#;68) %+$9(
)$6(!*)- %"% ;>(E3PP()*-+(8!2'*) !-( #!(!U/8!--%+$(+1(/8+ !%$-(
:)-!6(+$("+8$!+"; !()$6(7!8) %$+"; !(6%11!8!$ %) %+$9(-+( % (
.%2# ( :!()--'.!6(  #) (  #!(  8!) .!$ (.);(  )82! ($+ ( +$*;(
 #!(6!8.%-(:' ()*-+9( +(-+.!(!U !$ 9(!/%6!8.%-()-(,!**>?\

T!&'!$"!-( 1+8(/8%.!8-(,!8!(6!-%2$!6('-%$2(  #!(4E[I(
/8%.!8C:*)- ( 6!-%2$(  ++*( )=)%*):*!( +$*%$!>( A#!( +: )%$!6(
6) )(,!8!()$)*;<!6('-%$2( #!(H%2# E;"*!8(PYZ(TN(?>S(/8+C
28).(VB+"#!9([)-!*9(T,% <!8*)$6W(,% #%$( #!("+./)8) %=!(@#"
 #8!-#+*6(";"*!(VE W(.! #+6>(A#!(FDBA(2!$!(,)-("#+-!$(
)-()$(+/ %.)*(8!1!8!$"!(2!$!(1+8(6) )($+8.)*%<) %+$('-%$2(
 #!(4+8.L%$6!8(-+1 ,)8!(VGKG59(5)8#'-9(3!$.)87W>(A#!(
8!*) %=!(!U/8!--%+$(,)-(")*"'*) !6()""+86%$2( +( #!(1+8.'C
*)f(g?hV@E (+1(2!$!Wihg?hV@E (FDBAWi>@? I$(!)"#(8'$9(";"*%$2("+$C
6% %+$-( ,!8!( )-( 1+**+,-f( %$% %)*( 6!$) '8) %+$( ) ( bSXE( 1+8(
?S(.%$e(PS(";"*!-(+1(6!$) '8) %+$() (bSXE(1+8(?S(-9(/8%.!8()$C
$!)*%$2() (SYXE( 1+8(OZ(-9()$6(!U !$-%+$() (\@XE( 1+8(OZ(->(
G!* %$2()$)*;-%-(,)-(/!81+8.!6() (dZ( +(bSXE>

Matrix-Assisted Laser Desorption Time of 
Flight (MALDI–TOF)

5( $+=!*( )//*%") %+$( +1( G5H3IJAKL( GT( 5' +M!U( -/!!6(
V[8'7!8(3)* +$%"-9([%**!8%")9(G)--)"#'-!  -W(,)-('-!6(%$(/+-C
% %=!( *%$!)8( .+6!( ,% #( *)-!8( !$!82;( +1( YZj9( 18!&'!$";( +1(
@ZZZ(F<9()$6()(-'.(+1(-/!" 8)( ?Z9ZZZ>(E)*%:8) %+$(+1(  #!(
GT(%$- 8'.!$ (,)-(6+$!(,% #(D8+ !%$(- )$6)86(II(%$( #!(8)$2!(
+1( @Z(  +( YZ(73)( ,% #( !U 8)/+*) %+$( 1+8( #%2#!8( .)--!->(
@9SC3%#;68+U;:!$<+%"()"%69()(-) '8) !6(-+*' %+$( %$(+82)$%"(
-+*=!$ ( VG!E4(,% #(?j( 8%M'+8+)"! %"()"%6W9(,)-('-!6()-()(
.) 8%U>(T)./*!-(1+8(.!)-'8!.!$ (,!8!(/8!/)8!6(:;(!U 8)"C
 %+$( +()"! +$!9(Z>S(G(4)E*9()$6(! #)$+*>

T)./*!-( %--'!-(,!8!(/' ( +( #!(Z>S(.H(+1()"! +$!()$6(
*!1 (%$(-+*' %+$(%$(?>S(.H(a//!$6+81( ':!(+=!8$%2# (V1+8( %-C
-'!( :8!)76+,$W>( 51 !8( @P(#( )"! +$!( ,)-( 8!.+=!6( )$6(
-)./*!-( +1(  %--'!-( ,!8!( /' ( %$ +(  #!( Z>@S(.H( +1( Z>S(G(
4)E*( )&>( -+*' %+$( )$6( -#++7( %$()( ?>S(.H(a//!$6+81(  ':!(
%$( #!(-#)7!8() (YZZ(8/.(1+8(@(#>(T)./*!-(+1( %--'!-(,!8!(
8!.+=!6( )$6( /' ( %$ +(  #!(.%U '8!( +1( 2*;"!8+*( )$6(Z>S(G(

3'$")$(! ()*((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((( O
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 !"#$!%&$'()(*$+,+-$!./$012$3.$245$6755857$'−9:;"-$6<7$=5503.>$
!./$ 245$ 0<??3@3#32A$ <6$ .5B2$ 1?!>5&$ C!D0#5$ 5B27!E2?$ F575$
D3B5/$F324$ 524!.<#$ 3.$ 245$ 7!.>5$ ?!D0#5$ 5B27!E2)524!.<#*$
(,(*$ +,G&$ H2$ D5!.?$ D3B3.>$ 245$ :&IG$DJ$ <6$ 245$ ?!D0#5$
5B27!E2$ 3.$ :&G$K$  !"#$ !%&$ ?<#123<.$ F324$ +$DJ$ <6$ 524!.<#&$
HDD5/3!25#A$ !6257$ D3B3.>$ ?!D0#5?$ F324$ 524!.<#*$ 5B27!E2?$
F575$012$3.$245$673/>5$!./$#562$!2$L;"$6<7$+M$4$'6<7$245$6<7D!N
23<.$ <6$ !$ 075E3032!25$ <6$ 245$ OP$ !./$ 32?$ ?50!7!23<.$ 67<D$
245$ #<F57$ D<#5E1#!7$ 07<253.?-&$ C!D0#5$ 075E3032!25?$ F575$
E5.27361>5/$!2$+9*:::$70D$6<7$I:$D3.*$!6257$E5.27361>!23<.*$
245$?1057.!2!.2$F!?$75D<(5/*$!./$245$075E3032!25?$F575$
E<D0#525#A$ /3??<#(5/$ 3.$ +::$ J$ <6$ 1#27!0175$ F!257&$ P6257$
245$/3??<#123<.$<6$ 245$075E3032!25?*$LG$ J$<6$524!.<#$F575$
!//5/$ 2<$ 5!E4$ ?!D0#5$ '6<7$ 245$ 075E3032!23<.$ <6$ 245$ 43>4N$
D<#5E1#!7$ 07<253.?-&$ C!D0#5?$ F575$ 245.$ E5.27361>5/$ !2$
+9*:::$70D$ 6<7$ I:$D3.*$ !./$ ?176!E2!.2?$ F575$ 1?5/$ 6<7$
KPJQHRSTU$KC$D5!?175D5.2?&$S45.*$!$/375E2$!00#3E!23<.$
<6$5!E4$?!D0#5$2<$245$0#!25$!./$/73003.>$<6$245$D!273B$F575$
07<(5/$3DD5/3!25#A$@56<75$KPJQHRSTU$D5!?175D5.2&

Confocal Microscopy

V!E4$ E<##5E25/$ ?!D0#5$F!?$ (5723E!##A$ E12$ 3.2<$ G$WD$ 243E=$
?#3E5?*$ 245.$ XB!25/$ 3.$ !$ XB!23(5$ E<.?3?23.>$ <6$ Y&LZ$
6<7D!#/54A/5N[\C*$ L:Z$ 524!.<#*$ !./$ GZ$ >#!E3!#$ !E523E$
!E3/&$ P$ +,+::$ /3#123<.$ <6$ @3<23.A#!25/$ 4A!#17<.!.N@3./3.>$
07<253.$ ?<#123<.$F!?$1?5/$ 2<$@<./$F324$OP$!./$F!?$ #562$
2<$3.E1@!25$6<7$+I$2<$+M$4$3.$9;"&$P6257$245$3.E1@!23<.*$?#3/5?$
E!77A3.>$245$?!D0#5?$F575$F!?45/*$?2!3.5/$F324$?27502!(3N
/3.$E<.]1>!25/$F324$!$̂ 1<75?E5.2$#!@5#$'P#5B!$9__-*$!./$#562$
2<$3.E1@!25$6<7$+$4$3.$245$/!7=&$C!D0#5?$F575$245.$F!?45/$
!>!3.$ !./$ 2<$ D<1.2*$ `5E2!C435#/$ F324$ QP[H$ '`5E2<7$
J!@<7!2<735?*$ 5F!7=*$"P-$F!?$ 1?5/&$ S45$ ?!D0#5?$F575$
?5!#5/$F324$.!3#$0<#3?4$!7<1./$245$5/>5?$<6$245$E<(57?#30&$

S45$ 3D!>5?$ <6$ 245$ 0750!75/$ ?!D0#5?$ F575$ E<./1E25/$
247<1>4$ J53E!$ K3E7<?A?25D*$ JPC$ a$ Y&G&+&+__:Y$ 'b528#!7*$
c57D!.A-*$ !2$ !$F!(5#5.>24$<6$G_:$.D$!./$D!>.3XE!23<.$
<6$MY×&$[7<2<E<#$67<D$245$ !23<.!#$O5!72*$J1./$!./$\#<</$
H.?232125$ 1./57$ !F!7/$.1D@57$ [T+OJ+:L+9L$ 3.?0375/$ 243?$
07<E5??&II

Statistical Analysis

S45$?2!23?23E!#$!.!#A?3?$F!?$/<.5$@A$1?3.>$245$d5!#$C2!23?23E?$
d5?<17E5$ [!E=$ ?<62F!75$ 6<7$K3E7<?<62$ VBE5#&IY S45$ /36657N
5.E5$@52F55.$245$3./3(3/1!#$D5!?175D5.2?$F!?$25?25/$@A$
245$U735/D!.$25?2&$S45$?3>.3XE!.E5$#5(5#$ !F!?$?52$!2$GZ&

RESULTS

P##$ +I$ !.3D!#?$ 1./57F5.2$ 9$ 275!2D5.2?$ !./$ E<##5E23<.$ <6$
?!D0#5?$ !2$ @!?5#3.5*$ !6257$ 245$ 275!2D5.2*$ +ND<.24*$ !./$
IND<.24$6<##<FN10$(3?32?&$S45$IGI$E<##5E25/$?!D0#5?$F575$
/3(3/5/$ 3.2<$Y$>7<10?*$ +$ 6<7$5!E4$5(!#1!23<.$D524</$F324$
!$E<.27<#&$S45$E<.27<#$?!D0#5?$F575$5(!#1!25/$2<>52457$75N
>!7/#5??$<6$>7<10&

RT-qPCR Results

RF + TUS
S45$07</1E23<.$<6$ !"#$!./$ !"%$05!=5/$!6257$ 245$ 275!2N
D5.2*$F324$ !"#$!./$ !"%$?4<F3.>$!$e_Z$!./$9GZ$3.E75!?5$
'&$< &::+-*$ 75?05E23(5#A&$S45$07</1E23<.$<6$ !"#$!./$ !"%$
?#<F#A$ /5E75!?5/$ !2$ +ND<.24$ !./$ IND<.24$ 6<##<FN10?&$
 !"'$ 07</1E23<.$ 05!=5/$ !2$ !$ +ND<.24$ 6<##<FN10$ F324$ !.$
_GZ$ 3.E75!?5*$ !./$ ?3D3#!7#A$ 2<$ !"#$!./$ !"%*$ 245$ (!#15$
D5!?175/$!2$!$IND<.24$6<##<FN10$?#3>42#A$/5E75!?5/&$S45$
()(#$ !./$ ()(*#$ 05!=5/$ !2$ +ND<.24$ 6<##<FN10$ F324$ !$ ++YZ$

 !"#$%&'(& S45$@!7$E4!72$<6$ !"#$E<.E5.27!23<.$5(!#1!25/$@A$
75!#N23D5$%1!.232!23(5$0<#AD57!?5$E4!3.$75!E23<.&$+K*$+ND<.24$
6<##<FN10f$IK*$IND<.24$6<##<FN10f$dU*$7!/3<675%15.EAf$5.57>Af$
S9*$#!?2$'6<1724-$275!2D5.2f$SgC*$2!7>525/$1#27!?<1./&

 !"#$%&)(& S45$@!7$E4!72$<6$ !"%$E<.E5.27!23<.$5(!#1!25/$@A$
75!#N23D5$%1!.232!23(5$0<#AD57!?5$E4!3.$75!E23<.&$+K*$+ND<.24$
6<##<FN10f$IK*$IND<.24$6<##<FN10f$dU*$7!/3<675%15.EAf$5.57>Af$
S9*$#!?2$'6<1724-$275!2D5.2f$SgC*$2!7>525/$1#27!?<1./&

9$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ +,"- ,-./$012),23$45126!7$89,6$:521;
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 !"# $%&# '!()* +*# , !< -..%/0# )*+1*(2'3*45-# 67*# 4 +2# 8* 9
+:)*"# 8 );*)0# 27*# )*(*12<)# "#$$! =<)# >?# 1* ;*"#  2#  #
@98<!27#=<44<A9:1#A'27# #@B&#'!()* +*-#C'D:)*+#%9$ )*1)*9
+*!2# #D) 17'( 4#3'+: 4'E 2'<!#<=#27*#(7 !D*+-

RF + US and Control
67*#F69GHIF#*3 4: 2'<!#"'+(<3*)*"#!<#(7 !D*#'!#27*#8* 9
+:)*"#1 ) 8*2*)+#'!#J)<:1#K#<)#'!#27*#(<!2)<4#+ 814*+-

MALDI–TOF
67*#  ! 45+'+# <=# 27*# LM# <=# 8<4*(:4*+# '!# 27*# + 814*+#
+7<A*"#  # 1* ;# N*2A**!# OO#  !"# OP#;Q 0# A7'(7# (<))*9
+1<!"+#A'27# 27*#LM#<=#>?0#":*# 2<# 27*#*R2) 1<4 2'<!# =<)#
7'D7*)#8 ++*+-

RF + TUS
K +*"#<!#27*#L?SQTU6VC#*3 4: 2'<!0#27*# 8<:!2#<=#>?#'!#
27*# + 814*# +7<A*"#  # D) ": 4# '!()* +*# N5# BW&#  2# 27*#
%98<!27#=<44<A9:1# !"#N5#@@X&# 2#27*#@98<!27#=<44<A9:1#
, != -.@@/-

RF + US and Control
J)<:1#K#+7<A*"#!<#(4* )#2)*!"#'!#27*#>?#(7 !D*+# +#27*#
)*+:42+# Y:(2: 2*"#N*2A**!# %X&# 2# 27*# %98<!27# =<44<A9:10#
 !"# %%&#  2# 27*# $98<!27# =<44<A9:1# A7*!# (<81 )*"# A'27#
N +*4'!*-# ><A*3*)0# 27<+*# (7 !D*+# A*)*# !<2# +2 2'+2'( 445#
+'D!'Z( !2#'!#*'27*)#J)<:1#K#, != -%$[$/#<)#27*#(<!2)<4#D)<:1#
, != -$%B$/-

Confocal Microscopy
?=2*)#27*#8 );*)9"*2*(2'!D#2*(7!'G:*+0#27*#1)*+*!(*#<=#>?#
A +# 3'+: 4'E*"# 27)<:D7# (<!=<( 4# 8'()<+(<15-# C'D:)*# X
+7<A+# 27*#"'==*)*!2# '!2*!+'2'*+#<=#(<4<)+# )*1)*+*!2'!D#>?#
,D)**!/#  !"# (*44# !:(4*:+# ,N4:*/0# A7*)*# 27*# 2<1# )<A# ,?9Q/#

)*1)*+*!2+#FC#\#6]^0#A7'4*#27*#N<22<8#)<A#,_9>/#)*1)*+*!2+#
FC#\#]^-#67*# 11 )*!2#'!2*!+'Z( 2'<!#<=#27*#(<4<)#D)**!#'!#
27*# + 814*+# +7<A+# 27*# (<!2'!:<:+# '81)<3*8*!2# '!# 27*#
1)<":(2'<!#<=#>?#'!#27*#FC#\#6]^#D)<:1#A7'4*#+7<A'!D#!<#
(7 !D*# '!# 27*# FC#\#]^# D)<:1-# 67*# 1'(2:)*+# <=# 27*# FC#\##
6]^#D)<:1#+7<A#"**1*)# !"#8<)*#4 +2'!D#>?#1)<":(2'<!-#
67*#D)**!#(<4<)# 11* )+#N)'D72*)#'!#27*#*1'"*)8'+0#A7*)*#
27*# ;*) 2'!<(52*+#  )*# "*!+*45# 14 (*"#  !"# 1)<":(*# 27*#
>?0# A7'4*# '!# 27*# "*)8'+0# >?# '+# 1)<":(*"# N5# ZN)<N4 +2+0#
A7'(7# )*#+*1 ) 2*"#N5# !#_IL# !"#(<44 D*!#ZN*)+0# !"#
27*#N)'D72!*++#+**8'!D45#= "*+-

DISCUSSION

67'+#1)*+*!2#+2:"5# '8*"#2<#(<81 )*#27*#2*(7!<4<D5#(<89
N'!'!D#FC#A'27#6]^#A'27# #2*(7!<4<D5#(<8N'!'!D#FC# !"#D*9
!*) 4#!<!9#6]^#'!#27*')# N'4'25#2<# 42*)#27*#! 2:) 4#1)<(*++*+#
4* "'!D# 2<# 27*#+5!27*+'+#<=#>?# '!# 27*#+;'!-#67*#<N2 '!*"#
" 2 #"<(:8*!2*"#27*#(7 !D*+#<((:))'!D#'!#27*#+;'!#<=#%@#
+<A+#@#8<!27+# =2*)#)*(*'3'!D#=<:)#@.#8'!#2)* 28*!2+-#`<#
+2:"59)*4 2*"#  "3*)+*# *3*!2+# <)# +'"*# *==*(2+# A*)*# <N9
+*)3*"#'!#27*# !'8 4+#<)#+ 814*+#<N2 '!*"-
?11)<R'8 2*450#[.&#<=#27*#N<"5a+#"*1<+'2#<=#>?#'+#4<( 29

*"#'!#27*#+;'!-@X >?#'+# !#*R2)*8*45#75")<17'4'(#8<4*(:4*#
27 2#'+# N4*#2<#)*2 '!#:1#2<#%..#2'8*+#'2+#A*'D72#'!#A 2*)@[

A'27# #3*)5#"5! 8'(#2:)!<3*)#<=# 11)<R'8 2*45#@X#7-#T!#4<A9
*)#>?#(<!(*!2) 2'<!+0#27*#2:)!<3*)#'+# ((*4*) 2*"-@O ?1 )2#
=)<8#8<'+2:)*#)*2*!2'<!0#>?#=:!(2'<!+#'!#27*#=) 8*A<);#=<)#
N4<<"#3*++*4#=<)8 2'<!# !"#27*#=) 8*A<);#27)<:D7#A7'(7#
(*44+#8'D) 2*0#A<:!"#7* 4'!D0# !"#2'++:*#)*1 ')-@B >?# 4+<#
7 +#27*# N'4'25#2<#+2)*2(7#27*#ZN)<N4 +2+# !"#+2'8:4 2*#(<44 9
D*!# !"#2:N:4'!#1)<":(2'<!-@P0@W ?+#27*#3 )' N'4'25#<=#>?#:+*#
'!#27*#N<"5#'+#+<#3 +20#)*8'!"'!D#27*#"*)8 4#ZN)<N4 +2+#<=#
>?#1)<":(2'<!#8 5#'81)<3*#27*#+;'!a+#<3*) 44#7* 427-
67*#1)*+*!2*"#+2:"5#1)<3'"*"#!<3*4#'!=<)8 2'<!#<!#27*#

!<!'!3 +'3*#+2'8:4 2'<!#<=#>?#1)<":(2'<!0# +#N<27#G: !2'Z9
( 2'<!#  !"# 3'+: 4'E 2'<!# 8*27<"+# '!"'( 2*# 27*# +:1*)'<)#
)*+:42+# <=# 27*# +'8:42 !*<:+#  114'( 2'<!# <=# FC#\#6]^# 2<#
FC#\#]^-#?44#<=#27*#8*27<"+#"*8<!+2) 2*"#7'D745#+'D!'Z( !2#
(7 !D*+#, !< -..%/#'!#27*#FC#\#6]^#D)<:10#A7'4*#!<#+2 2'+2'9
( 445# +'D!'Z( !2# (7 !D*+# , !> -.[/# A*)*# <N+*)3*"# '!# 27*#
FC#\#]^# D)<:1# <)# 27*# (<!2)<40# '!"'( 2'!D# 27*# '81<)2 !(*#
<=# +2'8:4 2'!D# 27*# "**1# "*)8 4# 4 5*)# )* (7 N4*# <!45# N5#
27*#6]^-
C'N)<N4 +2+0# :!"*)# +1*('Z(# (')(:8+2 !(*+0# ( !# '!'2' 2*#

'!()* +*"# *4 +2'!# 1)<":(2'<!# (<!2'!D*!2# :1<!# 27*# 1)*+9
*!(*# <=# +:=Z('*!2# 6JC9 !  !"# CJC-$. L<)*<3*)0# '!# )*9
+1<!+*# 2<# (*)2 '!# *R2*)! 4# (<!"'2'<!+0# ZN)<N4 +2+# 8 5#
*!D D*#'!#27*#1)<":(2'<!#<=#>?0#'!3<43'!D# #(<814*R#N'<9
+5!27*2'(#( +( "*#<)(7*+2) 2*"#N5#3 )'<:+#*!E58*+# !"#
(<= (2<)+# +:(7#  +# 6JC9 0# *1'"*)8 4# D)<A27# = (2<)0#  !"#
14 2*4*29"*)'3*"#D)<A27#= (2<)-$% M*#751<27*+'E*#27 2#27*#
8*!2'<!*"# '81 (2# <=# 7* 2#  !"# 8*(7 !'( 4# +2)*++# <!#

 !"#$%&'(& 67*#N )#(7 )2#<=#%&%'!(<!(*!2) 2'<!#*3 4: 2*"#N5#
)* 492'8*#G: !2'2 2'3*#1<458*) +*#(7 '!#)* (2'<!-#%L0#%98<!27#
=<44<A9:1b#@L0#@98<!27#=<44<A9:1b#FC0#) "'<=)*G:*!(5b#*!*)D5b#
6X0#4 +2#,=<:)27/#2)* 28*!2b#6]^0#2 )D*2*"#:42) +<:!"-

Q:!( !#*2# 4################################################################################################################################################################################# [
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 !"#!$%&'()*'%!#$+&)(,#-'"+!.'*&('#('/+&(,%&,%0*1(,"*%'2
+-3(4%5#"%!$*(,#-0+'+#-&(4#"(67(&8-'/*&+&9
:+"&'1('/*(&%);$*&(<*"*(;"#,**0*0(!8(=>2?@A=(%-%$8&+&(

</+,/( "*5*%$*0( '/*( ,/%-3*&( ,#--*,'*0( '#( '/*( =:(B(>CD(
'/*"%;89(E))*0+%'*$8(%4'*"('/*('"*%')*-'&1('/*(*F;"*&&+#-(
#4(3*-*&(4#"(*-G8)*&(&8-'/*&+G+-3('/*(67(;*%H*0(I !"#$$
B(JKL1(  !"%$B(MNLO1( <+'/( '/*( $%&'( *-G8)*( ;*%H+-3( %'( %(
P2)#-'/( 4#$$#<2.;( I !"&$B(KNLO9( >/+&( /%&( !**-( 4#$$#<*0(
!8(%( &.!&*?.*-'(0*,"*%&*( +-( '/*( &8-'/%&*&( $*5*$&1()#&'(
$+H*$8(0.*('#('/*(-*3%'+5*(4**0!%,H("*3.$%'+#-(#4(*-G8)*&1(
</*"*( '/*(;"#0.,'( $+)+'&( +'&(;"#0.,'+#-(</*-( "*%,/+-3(%(
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307)*9(, +(*'>, #', *=#>*'>, 9<T*8<!, N#(<3(, K+3>, 1<9!, AB YCH EFG:
AH @AHH!

  ! Z0*4+%+3*,K.,N+$)&',W!, e,?<<$,0<#)*'>e,'&'*'T#(*T<, (%*', )*>0)<'*'>
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K*4Q<3Q<3>,1.,<),#4!,Z4*'*8#4,3<4<T#'8<,&U,<4#()*',*',)0<,()3+8)+3<,#'9
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ABSTRACT

Background and Purpose:  This study aims to evaluate the safety and efficacy of a focused, monopolar, 360° energy 
distribution radiofrequency (RF) device for non-invasive treatment of dyspareunia in menopausal women with 
genitourinary syndrome of menopause (GSM). 

Methods: Thirty-five postmenopausal women with severe dyspareunia and GSM, underwent three sessions of 
monopolar radiofrequency therapy delivered once a month. Participants were evaluated at baseline and 2 months 
after their last treatment. The primary outcome was determined by assessing the patient's satisfaction with sexual 
intercourse at the 2-month follow-up visit. Secondary outcomes included the Vaginal Maturation Index (VMI), 
Maturation Value (MV), Bachmann´s Vaginal Health Index (VHI), and vaginal pH measurement. Safety outcomes 
included monitoring any possible complications and adverse events, and patient discomfort was evaluated by the 
Visual Analogue Scale (VAS).

Results: A total of 83.3% of women initially incapable of sexual intercourse due to severe dyspareunia, were able to 
fully engage in sexual intercourse without pain 2 months post-treatment. VMI and VHI increased significantly in 
all parameters for all subjects (P<0.01). The Bachmann´s Vaginal Health Index Score (VHI) improved significantly 
(P<0.01) by 11.2 points. The analysis of vaginal cells demonstrated complete vaginal restoration with the presence 
of vaginal Lactobacillus flora, a normal acidic vaginal pH, the absence of inflammatory cells, and even the presence 
of superficial vaginal epithelial cells in initially severely atrophic tissue. Ninety-eight percent of subjects reported 
mild to no discomfort during their last treatment. No serious side effects throughout the course of the study were 
reported.

Conclusion: The present study demonstrates a positive effect of a focused monopolar RF device for non-invasive 
and non-hormonal vulvovaginal tissue restoration affected by severe GSM. The results indicate clinical improvement 
in severe dyspareunia as a bothersome symptom of GSM. The treatment is effective and safe with high patient 
satisfaction.
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INTRODUCTION

Genitourinary syndrome of menopause (GSM), formerly referred to 
as vulvovaginal atrophy (VVA), is a widespread condition, affecting 
27%-84% of post-menopausal women [1]. The new term, GSM, was 
introduced in 2013 to describe various non-genital signs and sexual 

symptoms since VVA (and atrophic vaginitis) but did not cover the 
full spectrum of symptoms and causes of the condition [2]. GSM 
is caused by a decrease in circulating estrogen levels at the onset 
of menopause. Genital symptoms include vaginal dryness, itching, 
tenderness, and burning. Sexual symptoms are lack of lubrication, 
dyspareunia, and impaired performance. Urinary symptoms such as 
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urgency, dysuria, and recurrent urinary tract infections (UTIs) may 
occur [3]. All these symptoms negatively affect sexuality and quality 
of life. GSM features may appear in premenopausal hypoestrogenic 
women as well, manifesting in approximately 15% [4].

Primarily, the goal of GSM treatment is symptom relief. 
Conventional approaches for vulvovaginal symptoms include 
nonhormonal lubricants and moisturizers [5]. Hormonal and 
topical therapies mostly affect only the surface of the vaginal 
epithelium, while these therapies are being actively used [6]. An 
alternative solution is the use of non-invasive energy-based devices 
which affect vascularization and all levels of connective tissue in 
the vaginal canal. Besides laser energy (which lacks substantial 
safety and efficacy data) [7], non-ablative low-dose radiofrequency 
(RF) energy is widely used for the treatments [8,9]. The effect of 
RF devices is based on generating an electrical field that results in 
an oscillating electrical current that heats up intra-vaginal tissues 
to 40-45°C. These temperatures lead to increased local circulation 
and remodeling of collagen and elastin fibers located beneath 
the vaginal epithelium, in lamina propria. Increased blood flow 
provides nutrition to atrophic tissue and promotes its regeneration 
which results in the thickening of the vaginal epithelium. Lastly, 
collagen remodeling leads to tightening and strengthening of the 
vaginal wall [10,11].

Multiple studies reported reduced laxity of vaginal tissue [12-
14], improvement in symptoms of GSM [8,15,16], better sexual 
function, and satisfaction [8,13,14,17] following the use of RF 
devices. Ablation laser energy treatment is superficial and can 
only treat certain symptoms, whereas non-ablative monopolar 
radiofrequency (RF) penetrates and affects deeper tissues. The 
limitation of current RF devices is the design of the applicators 
which allows treating only one quadrant of the vaginal canal at a 
time. Such techniques may lead to undertreated or overtreated 
areas (so-called �hot-spots'') because of the non-homogeneous 
heating. In this study, 360° homogeneous heating has been 
improved upon by devising temperature tracking via dynamic 
impedance technology (DIT), which reduces the risk of under 
or overheating and significantly speeds up the time needed for 
treating the entire vaginal area, compared to quadrant heating 
procedure. Such a device has been successfully used for labial 
tissue rejuvenation and for the improvement of sexual function 
[18]. We hypothesize that the treatment could be beneficial also 
for women with GSM.

This study aims to investigate a 360° monopolar RF device with 
temperature tracking technology for the non-invasive treatment of 
dyspareunia in menopausal women with GSM. 

METHODS

A total of 35 postmenopausal women (6.3 ± 3.2 years post-
menopause) aged 56.6 ± 3.4 years were enrolled in the study. 
Inclusion criteria were defined as follows: females with at least 3 
years of severe dyspareunia as a bothersome symptom of GSM, 
incapable of sexual intercourse with penile penetration (coitus) for 
at least 12 months. Exclusion criteria included: sexually transmitted 
infection, sensitivity disorders or burns in the treatment area, metal 
implants, and conditions contraindicated by the device manual. 
No anesthesia was required.

The patients underwent treatment with Emfemme 360 device 
(BTL Industries Inc., Boston, MA). The treatment regimen 
consisted of three monopolar RF treatment sessions, each 
lasting for 8 minutes, delivered once a month. Before beginning 
treatment, the patient received verbal instructions about what to 
expect during the treatment procedure. The patient was seated in a 
gynecological chair and the device�s applicator utilizing heating at 
360° was placed in the vaginal canal.  The initial treatment setting 
was 65% and increased gradually during the procedure according 
to patient feedback and tolerance. During the treatment session, 
the operator steadily moved the applicator inward and outwards to 
ensure homogenous heating of the vaginal canal. The therapeutic 
temperature was continuously monitored during treatment via a 
temperature indicator screen. The operator communicated with the 
patient throughout the treatment to monitor safety. The protocol 
conformed to the ethical guidelines of the 1975 Declaration of 
Helsinki. Informed consent was obtained from the patients. 

Participants were evaluated at baseline and 2 months after the 
last treatment. Gynecological examination using a speculum 
and penetration with a transvaginal device applicator was done. 
The clinical improvement in dyspareunia was determined 
using a dichotomous questionnaire about satisfaction with 
sexual intercourse. Vaginal wall samples were collected using 
a swab and evaluated at the baseline and follow-up visits. The 
Vaginal Maturation Index (VMI) analysis was done under a light 
microscope (Carl Zeiss Axioskop microscope and Carl Zeiss 
Axiocam Color camera) by a blinded cytopathologist. Maturation 
Value (MV) was calculated from the VMI and the vaginal lining 
samples were further examined for the presence of lactobacillus 
flora, inflammatory cells, and superficial vaginal epithelial cells. 
In addition, evaluation included vaginal pH measurement and 
Bachmann´s Vaginal Health Index (VHI). The occurrence of any 
adverse events was monitored. Patients rated the comfortability 
of treatment based on a 10-point Visual Analogue Scale (VAS), 
no pain (zero) to unbearable pain (ten). Patient discomfort and 
a 5-point Likert scale.  Patients expressed their satisfaction with 
treatment outcome percentage-wise (0% = dissatisfied; 100% = 
satisfied). The obtained before and after scores were compared and 
analyzed using the paired Student t-test,  =0.05.

RESULTS

All 35 patients completed the treatment regimen and underwent 
the examination at baseline and at 2 months post-treatment. At 
baseline, all patients reported severe dyspareunia. Two months 
post-treatment, dyspareunia was completely absent in 29 out of the 
35 patients (83%).

Vaginal Health Index

The baseline measurement of the Bachman�s VHI score (scale 
5-25) comprising the evaluation of �elasticity�, �fluid secretion type 
and consistency�, �pH�, �epithelial mucosa�, and �vaginal moisture� 
was found to be 7.7 ± 1.2 on average, which corresponds to severe 
GSM. Two months post-treatment the average score significantly 
(p<0.01) increased to 18.7 ± 1.9 corresponding to a normal 
menopausal healthy vagina. Change in each section of the VHI 
was highly significant (p<0.01) with the highest improvement in 
pH and epithelial integrity. Figure 1 shows a detailed summary of 
VHI results (Figure 1).
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The increase in pH score from 1.5 ± 0.5 to 4.2 ± 0.6 corresponds 
to the restoration of the pH acidity from a nearly neutral pH of 
6.6 ± 0.8 at baseline to acidic pH of 4.6 ± 0.61 two months post-
treatment.

Vaginal Maturation Index and Maturation Value

The proportion of para basal, intermediate, and superficial cells 
in samples, categorized by the vaginal maturation index (VMI) 
showed significant improvement (p<0.01) as the average baseline 
VMI improved from 65.1/34.9/00 (parabasal/intermediate/
superficial) to 26.9/66.6/6.6. The corresponding maturation value 
(MV) calculated from the VMI significantly (p<0.01) improved 
from 17.4±8.7to 39.9 ± 10.0 (0-100 scale).

Vaginal Flora, Leukocytes, and Inflammatory Cells

At baseline, normal vaginal flora consisting of lactobacilli 
(Döderlein flora) was present in only 10 out of the 30 patients 
(28%). Two months post-treatment, healthy vaginal flora 
quantity with Lactobacilli was present in 30 patients (86%). The 
improvement corresponded with the decrease of inflammatory 
cells. At baseline, the samples of 12 patients (34%) showed high 
levels of leukocytes, and 23 patients (66%) showed low levels of 
leukocytes. At 2 months follow-up, 15 patient samples (43%) 
had low leukocyte levels, while the remaining 20 (57%) did not 
contain any leukocytes. Inflammatory cells that were observed during 
pretreatment were absent in all samples post-treatment. An example of 
vaginal wall sample analysis results can be seen in figure 2.

Comfort and Satisfaction

At baseline, all patients reported painful gynecological examination 
using the speculum, and the transvaginal device applicator caused 
great discomfort, bleeding, and posterior vulvovaginal irritation. 
The average baseline VAS score was 6.6±1.3 (moderate to severe 
pain). At the 2-month follow-up visit, most of the patients 
indicated no to mild discomfort during gynecological examination 
with the speculum. The average VAS score decreased significantly 
(p<0.001) to 1.4±1.1 (mild to no pain) at the follow-up visit. Figure 
3 demonstrates the exceptional difference between the first and 
last treatment.

The overall patient satisfaction with the treatment results was 
high (92.9±6.7%). There were no dissatisfied patients. Moreover, 
at baseline 11 patients suffered from mild stress or mixed urinary 
incontinence, and 5 patients suffered from overactive bladder. All 
of these patients reported improvement and nearly 100% control 
of urination.

Side Effects and Complications

Immediate treatment effects were mild and transient, most of 
which occurred only during the first session and resolved within 
1�2 days. The vaginal discharge occurred in 70% of patients, 
vaginal bleeding in 50%, introitus itching (45%), burning 
sensation (30%), and painful urination (20%). No complications 
or serious side effects were reported. No anesthesia, medications, 
or downtime was necessary.  

Figure 2: Vaginal lining samples of 57-year old woman (7 years post-menopause) with initially severe GSM. At baseline (left) the VMI score was 70/30/00, 
inflammatory cells were present, absent Döderlein flora, vaginal pH=7.5 and VHI=7. Two months post-treatment (right) the VMI score improved to 
20/70/10 with absent inflammatory cells and presence of Döderlein flora observed, pH=4.4 and VHI=19.

Figure 1: The average scores of individual criteria of the VHI. The total score is calculated as a sum of individual criterion scores. There was an overall 
improvement in all vaginal health index criteria.
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DISCUSSION

This is the first study examining the efficacy of 360° monopolar RF 
technology for the treatment of GSM. The results presented herein 
show that the application of 360° radiofrequency in postmenopausal 
women with severe GSM leads to restoration of sexual life and 
vaginal wall quality, including the restoration of acidic vaginal pH 
and vaginal flora. The procedure effectively treated dyspareunia. 
VHI and VMI improved, reaching levels corresponding to those of 
menopausal women with normal vaginal health. 

The novel Emfemme 360 device utilizes state-of-the-art temperature 
tracking technology in real-time, enabling the operator to monitor 
temperature throughout the therapy, thus, does not have to rely on 
patient feedback alone. The uniform heating is achieved through 
dynamic impedance technology, which continuously regulates 
RF energy flow. The impedance continuously changes; however, 
the results are constant since there is no fluctuation. The use of 
a temperature tracker gives the operator complete control over 
the treatment, which leads to consistent results as the risks 
of undertreating or over-treating are reduced. The DIT is a 
smart algorithm-like technology that measures vaginal tissue 
bioimpedance [19] 1000 times per second and, based on the 
measurements, adjusts the power in order to constantly deliver 
the desired energy. This feature avoids energy fluctuations 
during the treatment as the impedance changes with changes in 
temperature. Volumetric RF-generated heat is homogeneously 
distributed through the applicator tip in the treatment area. 
The highly advantageous uniform heat distribution ensures there 
are no hot-and-cold spots in the vaginal canal, resulting in short, 
and uncomplicated treatment administration. The vaginal probe 
has an ergonomic fit with various tips to suit different patients� needs.

A single treatment session lasts for only 8 minutes, which is 
sufficient for heating the vaginal tissues up to desired temperature 
range of 40-45°C, and presumably triggers regenerative processes of 
neocollagenesis, neovascularization, and growth factor infiltration 
[20-22]. Increased levels of growth factor ultimately revitalize and 
restore the elasticity and moisture of the vaginal mucosa and 
induce epithelial thickening and structural changes [10]. The 
change in epithelial structure has been observed in vaginal lining 
cytologic analysis through an increase in VMI/MV in this study. 
The observed improvements correspond with previous studies 
using RF for restoring vaginal health in postmenopausal women 
such as Leibaschoff et al. [20] who reported improvement in VHI 
from 11.5 ± 0.67 to 19.3±2.01. However, the majority of RF 
studies does not include quantitative assessment and rely mainly 
on questionnaire evaluation [14,16,17,23] (Figure 4).

Besides the measured parameters, the patients reported 
improvement in the vulva appearance even though the treatment 
was intravaginal and did not include a labial procedure. The 
improvement in the vulva appearance is demonstrated in figure 
4. Additionally, most of the patients reported improved sensitivity 
in the entire genital area, which was also documented by Alinsod 
et al [23]. This observation corresponds with the results of Lalji 
et al., [12]. who reported significantly reduced urine leakage after 
treatment procedure with the 360° RF technology. In a patient 
group that was composed only of women with severe GSM unable 
to engage in sexual intercourse (coitus) for three or more years, the 
results showed complete restoration of the vaginal health. Based on 
these outcomes it may, therefore, be assumed that the treatment 
could reverse certain symptoms of GSM.

Nevertheless, the patient group (35 post-menopausal women) 
was rather limited. Although such samples cannot be used for 

Figure 3: During the first treatment (left) the probe caused bleeding and vaginal irritation in the initially severely atrophic vagina. During the last 
treatment (right), no bleeding, irritation or discomfort were observed nor reported.

Figure 4: The figure shows severely atrophic vulva introitus pre-treatment (left) and �rejuvenated� vulva introitus post�treatment (right). Enhanced 
vascularity can be seen on the inner labial walls and on the introitus.
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generalized conclusions, the results give a good overview of the 
expected treatment outcomes. Patients were evaluated 2 months 
post-treatment, and certainly, this time period is insufficient to 
provide information about the sustainability of results. Thus, future 
studies should include longer follow-ups to address the longevity 
of the outcomes and whether additional treatments to maintain 
the achieved results are necessary. A comparative arm group and 
evaluation of tissue biopsies may be incorporated in upcoming 
studies. The major strength of this study is that multiple methods 
for evaluating treatment effects were used to avoid inferring biased 
conclusions, which could occur when using a single evaluation 
method, as well as to provide deeper insight into the patient�s 
condition. The statistically significant changes and participants� 
recovered sexual function (despite prior severe dyspareunia that 
prevented penetrative sexual intercourse) demonstrated in this 
study provides strong evidence for the treatment efficacy.

CONCLUSION

Vulvovaginal monopolar radiofrequency resulted in highly 
significant clinical improvements in all measured parameters in 
postmenopausal women with severe dyspareunia GSM. Most of the 
patients recovered the ability to have satisfying sexual intercourse, 
after years of no sexual life. The monopolar 360° technology is 
an effective, safe, easy, and time-saving treatment for severe GSM 
symptoms and dyspareunia without any serious adverse events. 
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ASSESSING THE EFFICACY OF RADIOFREQUENCY TREATMENT FOR 
IMPROVING GENITOURINARY SYNDROME OF MENOPAUSE SYMPTOMS, 

SEXUAL FUNCTION, AND VAGINAL HEALTH

Dr H. W. V. Cheng1 

1. Vitalage, Central, Hong Kong

• 24 postmenopausal subjects (av. 56 years)

•  4 EMFEMME 360 treatments with 1 and 3-month follow-up

•  Evaluation methods: 

            Female Sexual Function Index (FSFI)

           Vaginal Health Index Score (VHIS)

            GSM Symptoms - Visual Analogue Scale (VAS)
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IN WOMEN WITH GENITOURINARY SYNDROME OF MENOPAUSE
360° RADIOFREQUENCY TECHNOLOGY FOR TREATMENT OF DYSPAREUNIA 360° RADIOFREQUENCY TECHNOLOGY FOR TREATMENT OF DYSPAREUNIA

333666660000°° VVVVOOOOLLLLUUUUUMMMMMEEETTRRRRIICCC HHHEEEEEAAATING 
VVVVAAAGGIINNAALL HHHHEEEEAAAALLTTTHHH SSTTTUUUDY

         /

HHHHiiiigggghhhhhhhllllliiiiggggghhhhtttssss

93% 83%
Paaattttiiieenntttss wwweerreee sssaaatttiiiisssfififieedddd 

wwiitthhh tthhhheee rrreeessssuuuulllltttsss
WWWWoommmmeeennn hhaaavvveee pppaaaiinn-fffrrreeeeee  

sseeeexxxx  ppppooossssstttt---ttttrrrreeeeaaattttmmmmmeeenntttt

An atrophic parabasal cells and absence of superficial cells from vaginal-smear correlate to a menopause patient 

with a severe vulvovaginal atrophy (left); “estrogenized-like” intermediate cells correlate to a menopause woman 

without any symptom of the menopause genitourinary syndrome (right).

•  35 postmenopausal subjects (av. 56.6 years) received three 8-minute  

treatments once a month due to severe cases of dyspareunia.

•  Vaginal Maturation Index increased significantly in all subjects and 
represents restoration of vaginal premenopausal cells.

•  A high count of inflammatory cells (leucocytes) observed pre-treatment 
was significantly reduced and absent in the follow-up samples. 

•  All patients initially suffering from severe dyspareunia were capable of sexual 

intercourse without pain after the treatments.
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Natural menopause occurs at the average age of 51 amongst Hong 
Kong women.1,2 Boasting the world's highest life expectancy at 
  !"#$%&'3 these women spend more than half their adult lives in a 
postmenopausal state.4 With a rapidly aging population, Hong Kong 
is the home to approximately 1.7 million post- menopausal women, 

constituting 23% of the city's total population.5 This segment is pro-
jected to comprise more than one- quarter (27%) of the city's total 
population by 2030, representing almost half (49%) of the entire fe-
male population in Hong Kong.5

In contrast to the more commonly discussed vasomotor symp-
toms such as hot flushes and night sweats, vulvovaginal atrophy 
(VVA) is the most long- lasting symptom of menopause,6�8 yet is 
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+@437623
K62L?75=>BM-Vulvovaginal atrophy (VVA) includes a wide range of conditions affect-
ing the reproductive and urinary systems, often requiring careful evaluation and man-
agement for optimal health.
+:;4M-This study aims to evaluate the symptom management effects of a real time 
2#@<#%$2:%#A.@39*23%#,.939A.$4B$2*+#.(?.,#+*)#.C3%.2D#.2%#$2@#92.3C.<3&2@#93<$:&$B.
Chinese women with VVA symptoms.
G03/5B4M-This pilot study involved 24 postmenopausal Chinese women with one or 
@3%#.EE;. &"@<23@&'.FD3.F*&D#,. 23. %#@$*9. &#G:$BB". $)2*+#H.EIJK'.E;K'. $9,.?K?J.
were used to track and evaluate various aspects of the patient's condition. Analyses 
were conducted at the end of the study to verify the statistical significance of the 
treatment's results.
%04=834M- All patients reported substantial, statistically significant, improvements 
on every VVA symptom tracked. Approximately 80% of the patients reported total 
symptom reversal at 12- week post- treatment follow- up.
)5>28=4:5>M-LD*&. <*B32. &2:,". ,#@39&2%$2#,. 2D$2. 939A.$4B$2*+#'. @393<3B$%. (?. 2#)D-
nology equipped with real time temperature monitoring is feasible and safe in the 
treatment of postmenopausal women with VVA symptoms, and efficacious at up to 
=/!F##M&.<3&2A.2%#$2@#92H

N . O H& %' I
energy- based vaginal rejuvenation, GSM, menopause, radiofrequency, vulvovaginal atrophy
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given little attention and the topic is rarely discussed in the rela-
tively conservative Chinese society. While this prevalent condition 
is non- life threatening, it seriously impacts the physical and mental 
health, well- being, couple's intimacy, and the overall quality of life of 
postmenopausal women.

VVA is an involution of the mucous membranes and tissues of 
the vulva and vagina caused by the drop in estrogen that occurs in 
women during menopause.9�12 Recent reviews12�14 on the preva-
lence of VVA symptoms indicate that about 50% of postmenopausal 
women report at least one symptom associated with the condition. 
Patients with VVA complain of vaginal burning, discharges, itching, 
dryness, irritation, dysuria and dyspareunia.12,15�18 Moreover, the 
weakened tissues are more prone to develop trauma, tears, bleed-
ing, and infections.12,19,20

Atrophy of the vulva, introitus, and vagina can be especially 
problematic for women who want to stay sexually active, but 
experience dyspareunia during sexual intercourse due to vaginal 
dryness and atrophic changes.7,19,21�25 According to community 
studies, the prevalence of sexual dysfunction amongst postmeno-
pausal women is 91.2%.26 Some vulvovaginal symptoms can be 
alleviated by the use of vaginal lubricants or moisturizers; how-
ever, such solutions offer limited and temporary relief only.27 In 
addition, emerging data suggest that lubricants may adversely 
affect the vaginal epithelium, lamina propria, and the vaginal 
microbiota.27�31

Hormonal replacement therapy (HRT) may be considered 
for climacteric symptoms in the absence of contraindications, 
whereas local estrogens are primarily indicated to alleviate symp-
toms and reverse atrophic changes in cases where VVA represents 
the sole menopausal complaint.12,32,33 Although local estrogen 
therapies are effective and safe at very low doses,32,34,35 medica-
tion adherence is quite variable (52%�74%),36 mainly due to safety 
concerns, inconvenience, and inadequate symptom relief from 
treatment.12,37,38

More recently, energy- based vaginal rejuvenation modalities 
such as lasers, fractional CO2,39 fractional Er: YAG, and radiofre-
 !"#$%& '()*&+",-$"./40�42 have brought new hope to patients suf-
0"1-#2& 0134& 556& .%47834.9& ()& :;.& 2;-#"+& .-2#-0-$;#8& 737!<;1-8%&
in recent years due to its non- invasiveness and rapid results. The 
mechanism of action is based on elevating the temperature of the 
treated tissue to initiate biological changes.43&()&"#"12%&:";8.&8:"&
connective tissue of the vaginal wall to 40�45°C, triggering microin-
flammatory stimulation of fibroblasts to stimulate collagen contrac-
tion, neocollagenesis, and neoelastogenesis to revitalize and restore 
the strength, elasticity, and moisture of the vaginal mucosa.27,44 
=3>","1/& ;& <3#2?&.8;#+-#2& +-.;+,;#8;2"& 30& .34"& ()& +",-$".& :;.&
been their constrained application due to limitations in application 
area where the whole vaginal canal is unable to be treated at once. 
@3>;+;%./&8:"1"&;1"&.3<!8-3#.&"47<3%-#2&ABC&+"21"".&30&()&"#"12%&
emission, simplifying the procedure.

A number of qualitative studies exist to demonstrate the ther-
;7"!8-$&"00-$;$%&30&()?&D;."+&+",-$".&-#&-4713,-#2&556&.%47834./&
stress urinary incontinence (SUI), and sexual functions. Treatment 

effects on postmenopausal Chinese women are, however, lacking. 
This study aims to evaluate the symptoms management effects of 
;& 1";<?&8-4"& 8"47"1;8!1"?&43#-831"+& #3#?&;D<;8-,"& ()& +",-$"& -#& 8:"&
treatment of postmenopausal Chinese women with VVA.

#$#! |! %&'()*+,+-.

The term Genitourinary Syndrome of Menopause (GSM)34,45 
emerged following a consensus conference by the International 
Society for the Study of Women's Sexual Health (ISSWSH) and the 
North American Menopause Society (NAMS) held in 2013. GSM is 
a chronic, progressive vulvovaginal, sexual, and lower urinary tract 
condition.46 In the absence of medical intervention, this condition 
does not improve.

While GSM is a more descriptive term than VVA, the term 
does not necessarily imply pathology. There are some concerns 
that the term GSM may be overly all- encompassing, as it refers 
not only to the symptoms resulting from estrogen deficiency but 
also those arising from the effects of aging and other processes 
on the bladder and pelvic floor.47 As the focus of this pilot study is 
$"#8"1"+&.7"$-0-$;<<%&3#&8:"&"00"$8&30&#3#?&;D<;8-,"&43#373<;1&()&
technology on VVA symptoms, precluding other urogynecological 
symptoms except dysuria, the term VVA will be used throughout 
this paper.

 ! |!/0%1234

 $#! |! 4567.87&9)-*

E:-.&7-<38&.8!+%&>;.&$3#+!$8"+&3,"1&;&7"1-3+&30&FGH43#8:.&D"8>""#&
October 2021 and April 2023, involving 24 postmenopausal women of 
Chinese origin living in Hong Kong. All subjects suffered one or more 
VVA symptoms of various severity and harbored the wish to remain 
sexually active. The subject selection for this study was designed to 
D"&43#3"8:#-$&-#&#;8!1"&83&",;<!;8"&8:"&8:"1;7"!8-$&"00-$;$%&30&()?&
based devices on Chinese women with VVA symptoms�an area that 
has not been sufficiently addressed in previous studies. Given the 
strong association between vaginal microbiota species composition 
and VVA,27 and that the former is known to be influenced by the 
host's race, internal and external factors, and to some extent, diet, 
medication, and lifestyle habits,44,48 this study with its monoethnic 
subject group serves to assess the treatment efficacy on VVA 
patients and to provide treatment expectations that are more 
relevant and meaningful to the vast population of postmenopausal 
women in Hong Kong.

 $ ! |! 46:;&<589&,&<5)+*

Postmenopausal Chinese women seeking the treatment of VVA 
were recruited for the study from the existing Investigator's 
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pool. All subjects were required to be in a postmenopausal 
state, as defined as the absence of menstruation for a continual 
 !"#$%&'() $*) #$*+,49 at the time of the subject recruitment 
process, and have to suffer at least one symptom of VVA, such 
as dryness, burning, itching, dyspareunia, and/or dysuria, and 
wished to remain sexually active. Exclusion criteria included: the 
-(+)$.)/%0)123)4+5&'+*)(0(&+#56)$*)7$6/7,)85&'5%)&'+)9"#$%&'():*5$*)
to inclusion in the study), antibiotics, probiotics, or prebiotics 
4+5&'+*) (0(&+#56) $*) 7$6/7,) 85&'5%) &'+) ;"#$%&'() :*5$*) &$) 5%67-(5$%)
in the study), vaginal moisturizers, lubricants or any other local 
:*+:/*/&5$%)485&'5%)&'+);<"=/0():*5$*)&$)5%67-(5$%)5%)&'+)(&-=0>?)&'+)
use of any immunosuppressants, steroids or NSAIDs (within the 
;"#$%&'():*5$*)&$)5%67-(5$%)5%)&'+)(&-=0>?)/6-&+)$*)*+6-**+%&)-*5%/*0)
tract infections, active genital infections; pelvic organ prolapses, 
previous pelvic reconstructive surgery, serious diseases or chronic 
conditions, psychiatric disorders; pacemakers, defibrillators, or 
any metal implants; and/or other contraindications listed on the 
device manual (Appendix S1).

Prior to commencement, the study protocol was reviewed and 
approved by the University Institutional Review Board. The study's 
conduct adhered to the ethical principles of the 1975 Declaration of 
Helsinki. The authors confirm that the ethical policies of the journal, 
as noted on the journal's author guidelines page, have been followed. 
Each patient was assigned a unique subject identification number for 
anonymization. The patient's medical, obstetric, and gynecological 
history was thoroughly reviewed during the initial consultation with 
a clinician. An informed written consent was obtained before the 
patient was entered into the study.

Each participant underwent a standardized gynecological exam-
ination. The clinician also performed a speculum- assisted examina-
tion as well as pH testing with pH test strips.

A summary of the demographic and clinical profile of the sub-
jects is presented in Table 1.

When the gyneco- obstetric features of women in the study 
group were examined, 66.7% had given birth, and one- third of the 
subjects had no child- bearing experience. 16.7% of the patients had 
one pregnancy, 41.7% had two, and 9.3% had three or more preg-
nancies. 41.7% of the subjects had vaginal deliveries, 20.8% had ce-
sarian deliveries, and 4.2% had both. Of those who had given birth, 
87.5% had the first delivery at or before the age of 35.

At the time of the study, 33.3% of the patients had been in the 
#+%$:/-(/7) (&/&+) .$*)  @A"0+/*(,) '/7.) $.) &'+) 8$#+%) '/=) B++%) 5%)
#+%$:/-(+).$*)C@D"0+/*()/%=) EF).$*) <"0+/*()$*)#$*+G

#$" | %&'()*'+),-&.)./.0

3'+)#/6'5%+)-(+=)5%)&'5():57$&)(&-=0)8/()&'+)HI5$%)J3KL)EMCN,)85&')/%)
HONHOOH);9<)/::756/&$*)4J3K)P%=-(&*5+()K&=>G)3'+)=+Q56+)+#5&()2N)
energy in 360 degrees, thus treating the entire vaginal canal at once. 
It also uses a built- in temperature sensor for real- time temperature 
tracking.

Each patient underwent four weekly treatment sessions, car-
ried out as an outpatient procedure by a clinician with the assis-
tance of a designated clinic personnel. The procedure involved 
M"#5%)$.)5%&*/L)Q/R5%/7)2N)&*+/&#+%&)/%=) !"#5%)$.)+I&*/L)Q/R5%/7)2N)
treatment. The patients were treated in a lithotomy position on a 
gynecology bed. No anesthesia was required for this non- ablative 
#$%$:$7/*) 2N) :*$6+=-*+G) S) R*$-%=5%R) :/=)8/() .5*#70) /&&/6'+=)
to the subject's musculus gluteus maximus area during the entire 
treatment.

Real- time temperature was monitored through the infrared 
thermal sensor on the handpiece. All applicator tips used were 
for single use only and were properly disposed of after each 
treatment.

T-*5%R) &'+) &*+/&#+%&,) 2N) +%+*R0) 8/() +#5&&+=) &'*$-R') /)
360- degree metal ring located at the upper part of the intra- vaginal 
applicator, while the plastic cap covering the top of the applicator 
:*+Q+%&+=)&'+)2N)+%+*R0).*$#)*+/6'5%R)&'+)6+*Q5IG)U5&'5%)D<"()5%&$)
the intra- vaginal treatment, the vaginal tissue was gradually heated 
to the therapeutic level of 40�45°C. As for the extra- vaginal ses-
sion, the treatment areas including the labia majora, labia minora, 
introitus, and perineum,50 reached the therapeutic temperature of 
A<VW)85&'5%)9<"(G)X/&5+%&()6$-7=)*+&-*%)&$)&'+5*)%$*#/7)/6&5Q5&5+()5#-
mediately afterwards and did not need to avoid coital sexual activity 
after the procedure.

%1234 ,5YT+#$R*/:'56)Z)675%56/7):*$.57+)$.)&'+)(&-=0)6$'$*&)
(n"="!A>G

6'&7.+(0,897).&: N
;'(+<±<=>,
.&,?

Age (years) 24 CCGD"±"AG 

Age at menopause (years) 24 C<GA"±";G!

Time- lapse since menopause (years) 24 9GC"±";GA

Sexually activea)5%)&'+)7/(&)9"#$%&'( 19 79%

Sexually inactive 5 21%

Nulliparous 8 33%

Childbirth 16 67%

Childbirth history

Caesarean section only 5 31%

Vaginal delivery only 10 63%

[/R5%/7)Z)6/+(/*+/% 1 6%

Smokers 0 0

BMI 24 !!GM"±"AGD

Previous treatment

No treatment 12 50%

Lubricant/moisturizer 9 38%

HRT 0 0

\&'+*)4&$:56/7)#+=56/&5$%,):*+]^
probiotics)

3 12%

a�Sexually active� is defined as having engaged in sexual activities at 
least once every month.
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 !""!#$%&'% (''!)*+,-*+.% #-/-% (//(*0-1% 23#--4.% 5678% (*1%
793#--4.% 5698% (:+-/% +;-% "(.+% +/-(+,-*+% .-..)!*<% =/-(+,-*+% .(:-+>%
and experience, with special attention to heat, pain, and discomfort, 
were assessed at each visit.

#$ ! |!%&'&()*++,)'-*.(/(&.&+01-1

Three evaluation systems, namely the Vaginal Health Index Score 
5?@AB8C% +;-% 7D$%E,% ?).&("% F*("!0% BE("-% 5?FB8C% (*1% +;-%  -,("-%
B-G&("% &*E+)!*%A*1-G%5 B A8C%#-/-%&.-1%E!*E&//-*+">%)*%+;).%')"!+%
study. The patients' conditions were evaluated with VHIS and VAS 
at the initial visit (baseline), at each of the weekly treatment visits, 
(*1%1&/)*0%+;-%+#!%:!""!#$%&'%(''!)*+,-*+.<%F.%+;-% B A%,-(.&/-.%
.-G&("% :&*E+)!*% )*% .)G% 1!,()*.% !H-/% +;-% '/-H)!&.% ID31(>.C51 the 
'(+)-*+.% #-/-% (.4-1% +!% E!,'"-+-% +;-%  B A% J&-.+)!**()/-% 1&/)*0%
their initial visit (baseline), at the 4th treatment visit, and at the 
two follow- up appointments.

9<2<7K LK ?@AB

At each point of time during the study, the patients were evaluated 
using the VHIS. The system consists of five parameters: Elasticity, 
 "&)1%H!"&,-C%'@C%M')+;-")("%A*+-0/)+>C%(*1%N!).+&/-<%M(E;%'(/(,-+-/%
is graded from 1 to 5, with 1 being the least desirable and 5 being 
the most satisfactory; if the total score is <15 out of a total score 
of 25, the vagina is considered atrophic.52 Assessment of clinical 
changes related to vaginal atrophy was evaluated through clinical 
examination and the VHIS system developed by Gloria Bachman 
et al.53

9<2<9K LK 7D$%E,%?FB

Using VAS, the intensity of VVA symptoms (vaginal burning, vaginal 
itching, vaginal dryness, dyspareunia, and dysuria) were evaluated 
by patients themselves, with the left extreme of the scale (0) indi-
cating �absence of symptom� and the right (10) indicating �symptom as 
bad as it could be�.54 The VVA symptoms evaluations were conducted 
O-:!/-%+;-%:)/.+%6 %(''")E(+)!*%5O(.-")*-8C%(+%-H-/>%.&O.-J&-*+%+/-(+-
ment visit, and again at the 4- week and 12- week follow- up.

9<2<IK LK  B A

 B A%).%(%O/!(1">%&.-1%(*1%;)0;">%/-")(O"-%)*.+/&,-*+%:!/%(..-..)*0%
female sexual functions; the system was recently validated for use 
amongst Chinese women,55,56%(*1%#(.%&.-1%)*%+;).%.+&1><%=;-% B A%
questionnaire consists of 19 items across six domains, namely, 
Sexual desire, Arousal, Lubrication, Orgasm, Satisfaction, and 
Pain.57 This self- report system uses a 5- point Likert scale ranging 
from 0 to 5 or 1�5 with higher scores indicating greater levels 

of sexual functioning on the respective item.58,59 The scores are 
then summed up within each domain and multiplied by a domain 
factor ratio to yield the individual domain scores.56%=;-%+!+("% B A%
score is the sum of the six domain scores, which ranges from 2 
+!% IPQ% (% ;)0;-/%  B A% .E!/-% ).% (..!E)(+-1%#)+;% (% "-..-/% 1-0/--% !:%
sexual dysfunction.60 A total score below 26.55 indicates sexual 
dysfunction.61% R.-% !:%  B A% )*% '!.+,-*!'(&.("% #!,-*% .&00-.+.%
that a lower threshold of 20 may be appropriate for identifying 
women with sexual dysfunction.62

Statistical analyses were conducted using the Minitab® 
Statistical Software to evaluate: the statistical significance of the 
differences (improvements) between the scores at baseline and at 
12- week follow- up. In view of the relatively small sample size and 
the data type, we have opted for a combination of One- Way ANOVA 
tests and Two- Sample t- Tests in our statistical analysis.

2! |! 3456785

=#-*+>$%:!&/% '!.+,-*!'(&.("% S;)*-.-% #!,-*% 52TUP23>-(/.C% VNA%
99<W3±37<D340X,2) were recruited for the study from the existing 
Investigator's pool.

2$9! |!:;<5

F+%O(.-")*-C%7DDY%!:%+;-%'(+)-*+.%.E!/-1%7%!/%9%!*%+;-% "&)1%?!"&,-%
and Elasticity. 75% and 46% of the patients scored 1 or 2 on the 
parameters of pH and Epithelial Integrity respectively, and 71% on 
Moisture. The distribution is shown in  )0&/- 1A.

At the 3- month post- treatment follow- up, vaginal conditions of 
N!).+&/-%(*1%M"(.+)E)+>%#-/-%/-H-/.-1%)*%(""%92%'(+)-*+.<%Z*%+;-% "&)1%
Volume measure, 18 out of 24 subjects (75%) showed moderate or nor-
mal amounts of fluid volume in vagina (scored 4 or 5). While 71% of the 
patients still scored 1�3 on the pH, which is equivalent to a pH value of 
5.1 or above�an elevated level that increases the patients' susceptibil-
ity to vaginal infections. The distribution is shown in  )0&/- 1B.

Both the VHIS total score as well as the scores on individual 
parameters recorded marked improvements after the completion 
of four treatment sessions. The improvement in pH, however, was 
quite unremarkable. It is interesting to note that while all five param-
eters improved steadily over the six measurement points, the im-
provement in pH did not follow the same pattern. After a relatively 
dramatic initial improvement recorded following the first treatment, 
further improvement as measured by pH at subsequent visits was 
notably lacking.

The charts showing the improvement trends of the VHIS av-
erage score and the VHIS improvements by measure are shown in 
 )0&/- 2A,B. Trend charts showing the improvement trends on the 
five measures are shown in Appendix S1.

=;-% (H-/(0-% ?@AB% .E!/-% )*E/-(.-1% :/!,% [<293±39<IP% 5O(.-")*-8%
+!%97<DD3±39<2I%5I$%,!*+;%:!""!#$%&'8C%/-'/-.-*+)*0%(%79IY%),'/!H--
ment. When the two sets of data were compared, the difference 
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(improvement) was shown to be statistically significant (p- value 
<0.05), with a p- value of 0.000. All five parameters also logged dras-
tic, statistically significant improvements. The results are summarized 
in Table 2. The Two- sample t- Test boxplot and the corresponding sta-
tistical analysis of the VHIS Total Score are shown below in  !"#$% 3; 
the analyses on the five measures are presented in Appendix S1.

It is interesting to note that while the analyses on VHIS Total 
Score and the parameters of elasticity, fluid volume, epithelial integ-
rity, and moisture all showed very strong evidence (p&'()*#%+=+,-,,,.'
that the post- treatment improvements were statistically significant, 
the pH parameter was borderline with a p- Value of 0.041. This is 
consistent with our previous observation that pH improved after the 
first treatment but subsequently plateaued.

/-0-01 21 0,&'34'567

Based on the average scores at baseline, dyspareunia, and dryness 
were the top two highest- scoring VVA symptoms, with average 
scores of 7.0 and 5.5 respectively. At the 12- week follow- up visit, 
the average scores of dyspareunia and Dryness were 1.5 and 0.6 
respectively, representing a decrease of 78.6% and 89.1%. The av-
erage scores of all 5 VVA symptoms also recorded improvements. 
Comparisons of the scores at baseline (Before) and the score at 12- 
week follow- up (After) are summarized in  !"#$% 4.

Prior to treatment at baseline, 83% of the patients had a dyspa-
reunia score of >5.0, more than 67% of the patients had a Dryness 
839$%+>:-,;' )<='>?@'A)=')<' BC3A!<%88' 839$%+>5.0. The distribution 

# $%&'( )*15DB7'E)8%*!<%'839$%'EF'4%)8#$%'G*%HC.')<='5DB7'739$%')C'/&'I9<CA'HJ#'EF'4%)8#$%'G$!"AC.-

# $%&'( )+16(%$)"%'5DB7')C'%)3A'HJ#'G*%HC.')<='394K)$!89<'9H'5DB7'839$%'EF'4%)8#$%'GL>'8#EM%3C8.')C'E)8%*!<%'(%$8#8'/'49<CA8'K98C&'
treatment (right).

,-$. /0123452 67)89:);<= >)$5?@2012 p7),03=2

Average N->L+±+L-/? L0-,,+±+L->/ 123% 0.000

Elasticity 0-:>+±+,-:> >-O:+±+,->> 208% 0.000

 *#!='(9*#4% 0-LN+±+,->? >-,P+±+,-OP 216% 0.000

pH 0-?/+±+0-,? L->?+±+0-?0 51% 0.041

Epithelial integrity L-O0+±+,-N? >-PP+±+,->N 80% 0.000

Moisture L-L:+±+,->> >-P/+±+,-/P 115% 0.000

AB/C( )+17#44)$F'9H'5DB7'839$%8-
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is shown in  !"#$% 5A. At the 12- week post- treatment follow- up, 
all 5 VVA symptoms recorded marked improvements. Issues of 
Burning, Dryness, and Dysuria were resolved; only one patient 
still suffered Itchiness (scored 4), and four subjects still suffered 
Dyspareunia scores of 4.0�5.9 after treatment. The distribution of 

VVA Symptoms Severity at 12- week post- treatment follow- up is 
shown in  !"#$% 5B.

Using the data on the patient's VAS scores at baseline (BASELINE) 
and the corresponding VAS scores after treatment at 12- week fol-
&'()*#+* , -./*0)*12345* 676&89!9* 9:'(%;* <:6<* <:%*;!==%$%7>%9*(%$%*

# $%&'( )*?@'A+&'<*'=*B3CD*9>'$%*6<*E69%&!7%*67;*0)*F'7<:*=-#*67;*!<9*9<6<!9<!>6&*;%9>$!+<!'7G

# $%&'( )+?BBH*D8F+<'F9*6I%$6"%*
9>'$%*E%='$%*J*6=<%$*,E69%&!7%*I9G*0)*1'7<:*
f/u).

# $%&'( ),?BBH*D8F+<'F9*6<*E69%&!7%*,&%=<4*67;*6<*KL)*(%%M*=-#*,$!":<4NLO*9#EP%><9G
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statistically significant across all 5 symptoms, with p !"#$%&'='()((()!
A summary of the VAS scores is shown in Table 3.

The Two- sample t- Test boxplot and statistical outputs of 
Dyspareunia and Dryness�the top two scoring concerns�are 
shown below as *+,%-&. 6 and 7 respectively; the Minitab® outputs 
on Burning, Itchiness, and Dysuria are shown in Appendix S1.

/)0)12 32 *4*5

Scoring may not be accurate in circumstances where the patient did 
not engage in sexual intercourse attempting vaginal penetration in 

67&! 8'9&&:.! ;-+<-! =<>;$&6+?,! 67&! *4*5! @%&.6+<??#+-&A52 since the 
absence of sexual activity is not necessarily attributable to sexual 
BC.D%?=6+<?A!#$67<%,7!67&!#..+,?&B!*4*5!.=<-&!+.!+B&?6+=#$!EF&-<G!D<-!
either.52,62 In view of this, we have excluded five patients from our 
*4*5!#?#$C.+.)!H7&.&!;#6+&?6.!B+B!?<6!&?,#,&! +?! .&I%#$! +?6&-=<%-.&!
during the course of this pilot study and thus, could not provide fair 
evaluations. Nevertheless, they entertained the wish to remain sex-
ually active in the future. Information on the five patients is shown 
in Appendix S1.

J-+<-!6<!6-&#6>&?6!#6!K#.&$+?&A!67&!#"&-#,&!*4*5!.=<-&!<D!67&!0L!
;#6+&?6.!9#.!0M)(M'±'N)(O)! H7&! .=<-&! +>;-<"&B! #D6&-! 67-&&!9&&:$C!
6-&#6>&?6.! KC! M/)LP! 6<! 1/)0N)! Q6! /'><?67.! ;<.6 !6-&#6>&?6A! 67&!

##$%&'()*+( ,-./012/ 34%5*6%789 :%;/<=/-./ p4%#-09/

Burning 1)/M'±'1)01 ()1N'±'()NN 88.9% 0.000

Itchiness 8)1M'±'/)1/ ()88'±'()L18 89.6% 0.000

Dryness M)M8'±'1)MO ()MR'±'()RN 89.5% 0.000

Dyspareunia O)(('±'1)MO 0)/R'±'0)O8 80.7% 0.000

Dysuria 0)L8'±'1)1L ()(('±'()(( 100% 0.000

>$,?@ %324%>>#-C!<D!SQ4!.=<-&.)

A BCDE@ %F2T<I;$<6!<D!.C>;6<>!UBC.;#-&%?+#V!#6!K#.&$+?&!#?B!/ !><?67!DW%!#?B!+6.!.6#6+.6+=#$!B&.=-+;6+<?)

A BCDE@ %"2T<I;$<6!<D!.C>;6<>!UB-C?&..V!#6!K#.&$+?&!#?B!/ !X<?67!DW%!#?B!+6.!.6#6+.6+=#$!B&.=-+;6+<?)
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 ! |!!" CHENG ET AL.

 !"# $"% &'&(% )*+#"% , )% -./-01% #"2#")"3453$%  % 60/78% 53*#" )"%
(&5$9#" 8A) from baseline.

:4%;-<,""=)%2+)4>%4#" 4?"341% @@%)5A%B+? 53)%#"*+#B"B%B# )45*%5?-
provements. Pain�the lowest scoring domain at baseline�recorded 
the most significant improvement; the average score logged a 136% 
increase from 1.89 to 4.46. Only 16% (3) of subjects still experienced 
some pain (score 0�3). Other domains, namely Arousal, Lubrication, 
and Orgasm also logged improvements, at 66.0%, 101.3%, and 
90.3% respectively. It is interesting to note that at 21.8% and 33.5% 
respectively, the improvements on Desire and Satisfaction were 
relatively modest. Psychological factors may play a more significant 
role in these two domains.

CD"%&'&(% !"# $"%)*+#"%EF%B+? 53%5)%)D+,3%53%&5$9#" 8B.
Despite the substantial improvements and symptom relief re-

*+#B"B1%4D"% !"# $"%&'&(%)*+#"%B5B%3+4%#" *D%4D"%&'&(%*94+GG%)*+#"%
of 26.55. Only 8 out of 19 patients, representing 42.1%, reported 
&'&(%)*+#")% E+!"%4D"%+245? @%*94+GG%)*+#"%+G%-6/..% 4%4D"%;->%,""=%
post- treatment follow- up, and are qualified as being without sex-
ual dysfunctions.52,61 However, at the lower threshold suggested 
for peri-  and post- menopausal women, 18 out of 19 patients, rep-
resenting 94.7%, met the cutoff score of 20.0 and were qualified 
 )%E"53$% )"A9 @@F% G93*45+3 @/%CD"%B5)4#5E945+3%+G% 4D"%2 45"34)H%&'&(%
scores at baseline (Before) and at 12- week follow- up (After) is shown 
in &5$9#" 9.

CD"%:!"# $"%&'&(%)*+#"%53*#" )"B%G#+?%;./7.<±<6/7I% 4%E )"@53"%
4+%-./-0<±<J/6K% 4%4D"%L>%?+34D%G+@@+,>%921%#"2#")"3453$% %60/78%5?-
provement. When the two sets of data were compared, the differ-
ence (improvement) was shown to be statistically significant, with 
a p- value of 0.000. The Two- sample t- Test boxplot and the corre-
sponding statistical analysis are shown in &5$9#" 10. All domains 
logged strong, statistically significant, improvements; the domain 
Desire exhibited a borderline p- value of 0.05. The results are sum-
marized in Table 4. The Minitab® outputs on the six domains are 
shown in Appendix S1.

#! |!$%&'(&&%)*

In contrast to the more commonly discussed vasomotor symptoms, 
VVA is the longest- lasting symptom of menopause.6,7 Large cohort 
studies have depicted a 27%�55% prevalence of vaginal atrophy in 
menopausal women.56,63,64 Contrary to the vasomotor symptoms, 
which tend to be milder over time, VVA symptoms rarely resolve 
spontaneously and, in most cases, deteriorate if left untreated, 
thereby negatively affecting patients' confidence and intimacy with 
their partners.21,32,46,65 Despite the prevalence of VVA symptoms 
and their long- term effects affecting both the patients' quality of life 
and couples' intimacy, it is estimated that only 1 in 4 women experi-
encing VVA symptoms seek medical attention.32,56

With the loss of follicular activity, ovarian estrogens reduce 
dramatically, leading to significant changes in the structure of the 
vaginal mucosa, and consequently, the impairment of numerous 
physiological functions.66 After menopause, a woman's estrogen 
@"!"@%53%2@ )? %B"*#" )")%G#+?%;-K<3$MN%B9#53$%D"#%#"2#+B9*45!"%2"-
#5+B%4+%;0<3$MN/67 This drastic drop in the level of estrogen�a vaso-
active hormone�decreases blood flow to vagina and vulva, leading 
to reduced vaginal lubrication and loss of libido.68

Estrogen deficiency also impacts mucosal elasticity through 
matrix glycosaminoglycan depletion and the hyalinization, frag-
mentation, and fusion of collagen and elastin fibres.17,32 Such 
changes are represented by the progressive loss of elasticity and 
the rugal folds of the vaginal lining becoming thinner with potential 
petechiae.12 Rugae aids in expandability, distensibility, and lubrica-
tion of the vagina during sexual stimulation. These pro- lubricative 
and pro- elastic functions are lost due to diminished collagen, elas-
tin, and hyaluronic acid content, leading to thinned epithelium, 
impaired smooth muscle proliferation, denser connective tissue 
arrangement, and loss of vascularity.14 In more persistent cases, 
the vagina becomes narrower and shorter and the introitus can 
constrict.12,32,69

+ %,(-. / O:!"# $"%&'&(%)*+#"%P;K%)9EQ"*4)R% 4%" *D%GM9%P@"G4R% 3B%&'&(% !"# $"%)*+#"%EF%B+? 53%P;K%)9EQ"*4)R%E"G+#"%S% G4"#%PE )"@53"%!)/%
3- month f/u) (right).
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Increased sexual activity is advised for maintaining robust vaginal 
muscle condition. Sexual activity, with or without a partner, improves 
blood circulation to the vagina.70 A positive link between sexual activity 
and the maintenance of vaginal elasticity, pliability, and lubricative re-
sponse to sexual arousal has been demonstrated.71 With heterosexual 
intercourse, the seminal fluid contains sexual steroids, prostaglandins, 
and essential fatty acids, which serve to maintain the vaginal tissues.72 
Deficiency of estrogen and androgen in postmenopausal women is 
often associated with a loss of libido.73 Decreased frequency or sexual 
abstinence exacerbates vaginal atrophy,74,75 leading to unpleasant sex-
ual experiences due to vaginal dryness and dyspareunia, which further 
disrupt the intimacy- based sexual response cycle.76

#$% | &'()*'+,-./*011,'*-,-/12'.03*)'

The most predominant complaints of sexually active, postmeno-
pausal women are vaginal dryness and dyspareunia.46 Defined by 

genital pain that can be experienced before, during, or after inter-
course, dyspareunia can have a significant effect on physical and 
emotional health. Since the condition affects the patient's partner 
and couples' intimacy, this condition is the primary reason VVA pa-
tients seek medical attention.

Vaginal lubrication is caused by fluid transudation from blood 
vessels, and from endocervical and Bartholin glands. With the dras-
tic reduction in estrogen after menopause, sebaceous glands reduce 
the production of secretions and therefore, during sexual activ-
ity, lubrication is decreased and delayed.12,19,35,71 Postmenopausal 
 !"#$%&'(#%'% )!)'*%#+),"')#-%(!*."#%!/%('0,$'*% /*.,-%!/%12134560%
7#8% 95:%",$% ;!**#;),!$<% ;!"7'8#-% )!% 1249=60% ,$% /#8),*#% !"#$2% >&#%
majority of vaginal fluid in postmenopausal women appears to be 
secreted from the vaginal epithelium.12,77

The prevalence of vaginal dryness and dyspareunia has been 
reported to be 90% and 80% respectively.46 Data from this pilot 
study validated the trend, although dyspareunia seemed to be more 
prevalent amongst the study subjects. Based on our records, 96% of 

4 56789 ,"?@A@B%)!)'*%+;!8#%C#/!8#%D%
after (19 subjects).

4 56789 ,%:?E!F7*!)%!/%+G"7)!"%@A@B%')%C'+#*,$#%'$-%H:%"!$)&%/I.%'$-%,)+%+)'),+),;'*%-#+;8,7),!$2
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the 24 subjects recruited for this pilot study suffered dyspareunia 
 !"#$%& '("()#)%&*&)("+%& %"* "*%)$*,)-*."/0)"1213"4$*$"$5( "(0 6)4"
78$&-9"$("*0)"4 ,$&-"6&*0"*0)"5 6)(*"(: %)"$*";$()5&-)."<&*0"%)=$%4"
to reduced lubrication, the data obtained from this pilot study indi-
cated that 84% of the patients suffered vaginal dryness of various 
()#)%&*&)(.">1"6$("(0 6-"* ";)"$-")!!):*&#)"$++% $:0"! %"*0)"*%)$*-
ment of these symptoms of VVA.

The minimal clinically important difference (MCID) was intro-
duced to determine the least threshold of beneficial outcomes. 
8%)#& '("%)()$%:0" &4)-*&!&)4"*0$*" *0)"?@3A"! %" *0)"1213"B')(*& --
naire may lie in the range of 2.1�4.078 points which was notably 
overstepped by the results documented in this study (+9.3 points) 
$-4"*0)%)! %)":$-";)": -(&4)%)4":5&-&:$55C"(&=-&!&:$-*."1 %"*0)"DE2"
scores used as the primary mode of assessing response to treatment 
&-"*0&("(*'4CF"*0)%)"0$("- *";))-"$"6)55G")(*$;5&(0)4"?@3A"C)*."1 %"
VHI, the cutoff value (<15) is used instead of MCID. This thresh-
old was surpassed on average since the 4th treatment and gradually 
reached the 3- month follow- up value of 21.1 points.

$%&" |" '()*+,-+./01/2(/3+(40,5-+

Besides subject symptoms, low estrogen levels are associated with 
unfavorable changes in the bacterial flora colonizing the vagina, 
which leads to elevated vaginal pH and a heightened risk of infection 
with pathogenic bacteria in postmenopausal women.79,80

The vaginal flora composes of a variety of aerobic and anaero-
bic, gram- positive, and gram- negative bacteria.72 In fertile women, 
Lactobacilli metabolize glucose into lactic acid and acetic acid, thus 
lowering the vaginal pH. The normal acidity of an estrogenized va-
gina is usually moderately acidic, favoring Lactobacilli. A lactobacillus- 
dominant flora protects its host against vaginitis and urogenital tract 
infections through the maintenance of an acidic vaginal pH in the 
range of 3.6�4.5.56,81 Elevated vaginal pH higher than 4.5 is associ-
ated with vaginitis, which causes various vaginal symptoms.56,82

In post- menopausal women, low estrogen levels and a decrease 
in the epithelium glycogen concentrations hinder the production of 
lactic acid by Lactobacilli.56,75 The more alkaline pH leads to a shift 
in the vaginal flora toward more coliforms and, together with other 
atrophic changes, is responsible for increased susceptibility to and 
frequency of infections, malodors, and exacerbation of vaginal 
symptoms associated with VVA.12,62,83,84

$%6" |" 78/94*/::;

/0)" +%)()-*" +&5 *" (*'4C" 4), -(*%$*)4" *0$*" >1" *):0- 5 =C" 6&*0"
real- time temperature control monitoring is an effective treatment 
option for postmenopausal women with VVA symptoms. Data 
from the study showed that all patients reported substantial 
symptom alleviation after 4 weekly treatment sessions. Patients' 
VVA symptoms on all dimensions recorded statistically significant 
improvements. More than 90% of the patients experienced total 
symptom relief from dyspareunia and vaginal dryness�the most 
prevalent and concerning VVA symptoms both globally and amongst 
our subjects.

Study procedures were conducted without incident. No thermal 
burns or injuries occurred, and according to treated patients, pro-
cedures were painless and the temperature emitted by the device 
was acceptable. No adverse effects were reported during or after 
treatments.

>1"0$(";))-")(*$;5&(0)4"$("$-")H:)55)-*", 4$5&*C"! %"*&((')"*&=0*-
ening via stimulation of neocollagenesis, denaturation of collagen, 
contraction, and activation of the healing cascade.47 Numerous 
studies in dermatology47,82 have demonstrated tissue contraction 
and have determined a therapeutically ideal temperature range of 
40�45°C. Neocollagenesis is stimulated without causing unneces-
sary damage to the skin or integral tissue structures.85,86 The same 
*%)$*,)-*": -:)+*"$++5&)("&-"*0)"$++5&:$*& -" !">1"! %"#'5# #$=&-$5"
rejuvenation.

/0)">1"4)#&:)"'()4" &-" *0&("+&5 *" (*'4C" &(")B'&++)4"6&*0" %)$5G"
time temperature monitoring and regulation, ensuring the ther-
apeutic temperature is reached, but more importantly, that the 
temperature is maintained throughout the treatment timeframe. 
The goal of treatment is to heat vaginal and vulvar epithelium to 
$++% H&,$*)5C" IJKILM@F" ! %" NJO,&-" PQG",&-" &-*%$G"#$=&-$5F" RNG",&-"
extra- vaginal). This temperature has been shown to be necessary 
to stimulate fibroblast activity, which contributes to the produc-
tion of new connective tissue matrix molecular components.87 The 
;& (*&,'5$*&#)")!!):*" !">1" %)(* %)(", (*"#$=&-$5" !'-:*& -(" (':0"
as secretion, absorption, elasticity, lubrication, and vaginal epithe-
lium thickness.88

Several studies have investigated different modalities for VVA, 
including hormonal and nonhormonal approaches. Hormonal treat-
ments like estrogen creams or tablets have been widely studied and 
shown effectiveness in alleviating VVA symptoms by replenishing 

8<8' =,-+>2(+ 6?/@AB/9C5 D/'()*+,-+ p?/:,>5+

Total RL.JLO±OS.JT NL.NQO±OI.SU 68% 0.000

Desire N.TLO±OJ.UN V.VLO±OJ.UJ 22% 0.050

Arousal N.VQO±OR.IR V.ULO±OR.JU 66% 0.001

Lubrication N.VIO±OR.VV I.TRO±OJ.QL 101% 0.000

Orgasm N.VQO±OR.IR I.LVO±OR.RS 90% 0.000

Satisfaction V.VRO±OR.RV I.INO±OJ.TS 34% 0.001

Pain R.QUO±OR.VL I.ISO±OR.VU 136% 0.000

E;=FG /$W2',,$%C" !"1213"(: %)(.
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estrogen levels.89 They've demonstrated improvements in vaginal 
health, moisture, and pH balance.89 However, some patients are cau-
tious about hormonal treatments due to concerns about potential 
side effects, especially for those with a history of hormone- sensitive 
cancers or conditions.89 Nonhormonal options, including lubricants, 
moisturizers, and medical devices like vaginal dilators or lasers, offer 
alternatives for those who prefer to avoid hormonal interventions.

The study conducted by Pacik and Geletta90 focused on the use 
of vaginal dilators in postmenopausal women with VVA have sug-
gested that regular use of dilators helped alleviate pain during inter-
 !"#$%&'("#)*%#+',-$%#')*%#-./+'$010,-#')!')*%'2(')% *3!,!4/'"$%5+'*-$'
reported similar improvements in VVA symptoms such as dryness, 
elasticity, and pain (fractional CO2 lasers have shown positive out-
 !1%$'03'6-403-,'*%-,)*+'-,043034'70)*')*%'2('$)"5/8$'9! "$'!3':;<=>&91

However, the use of both, dilators or lasers, can be discomfort-
ing, and time- consuming, raising safety concerns, while also lacking 
comprehensive long- term data on its efficacy and accessibility, pos-
ing adherence challenges, potentially leading to limited effective-
ness and psychological barriers for some individuals.91,92

?*%'.#!605%5' $)"5/'!3'2(' )% *3!,!4/' 9!#' )#%-)034'::@'$*!7$'
promising results, especially in safety and improving symptoms 
,0A%'5#/3%$$+'5/$.-#%"30-+'-35':;<=$&'?*%'3!6%,'5%60 %'5%,06%#$'2('
energy at 360° simultaneously which increases the comfort of the 
patients and minimizes the therapy time. However, more research 
is needed to solidify the long- term effects, optimal treatment pro-
tocols, and comparisons with other therapies are areas requiring 
further exploration.

2%$",)$' 9#!1' )*0$'.0,!)' $)"5/'6-,05-)%5' )*%'%99% )06%3%$$'!9'2('
in the reversal of vaginal symptoms. At the 12- week follow- up, the 
majority of women were satisfied with the treatment, and no related 
adverse events were recorded.

The potential systematic biases could occur during the selection 
of the patients from the Investigator's pool and could affect the re-
sults. To prevent potential systematic biases, a set of objective se-
lection criterion and exclusion criterion were devised prior to the 
selection process. Patient selection for the study was conducted 
with strict adherence to these criteria. In addition, a unique 4- digit 
patient number was assigned to each patient upon her arrival for the 
initial visit. The patient number was used in place of the patient's 
given names on all patient records for this study. This served to pro-
)% )')*%'.-)0%3)8$'5-)-'.#06- /+'-$'7%,,'-$'-'1%-3')!'BC,035D')*%'$%,% -
tor during the selection process.

The generalizability of the finding is partly limited by the study's 
focus on postmenopausal Chinese women only. Different ethnic 
groups can exhibit variations in genetic makeup, hormonal profiles, 
lifestyle, and environmental factors, all of which can influence the 
manifestation and progression of VVA.93�95' ("#)*%#+' 6-#0-)0!3$' 03'
menopausal symptoms, hormonal profiles, cultural attitudes toward 
menopause and sexual health, as well as lifestyle factors such as 
diet, physical activity, healthcare access, and, in the end, responses 
to treatment alone can occur. Therefore, results derived from a 
monoethnic cohort might not apply to women from other ethnic 
backgrounds.

Similar findings were observed in Spanish postmenopausal 
women with GSM in Aznar et al study96 evaluating the safety and 
%990 - /' !9' -' EFGH' %3%#4/' 50$)#0C")0!3' 2(' 5%60 %' 9!#' 3!3I'036-$06%'
treatment of dyspareunia and demonstrating positive effects on the 
nonhormonal restoration of the vulvovaginal tissue.

The absence of a control group might lead to an overestimation 
of the treatment's effectiveness. Participants knowing they are re-
ceiving some form of treatment (and not a placebo) might report 
improvements due to psychological factors rather than actual phys-
0!,!40 -,' *-34%$&'("#)*%#+'-' !3)#!,'4#!".' !",5'*%,.'70)*'-3'!CJ% -
tive comparison within ethnicity. Despite these factors, the study 
can still be compared to other studies with different ethnicities using 
the same validated questionnaires and although the sample size is 
small, it is still sufficient for the statistical analysis. On the other 
hand, this study can help to understand the outcomes of underrep-
resented Asian ethnicities in the population, a cohort that presents 
considerable recruitment challenges for VVA- related studies. When 
considering the questionnaire, the incorporation of subjective pa-
tient assessment could help the patient to participate more in the 
treatment and could increase the probability of active treatment 
participation.

The missing nonfunctional measurements could also have helped 
us analyze tissue composition and have a more exact description of 
the patient's condition at baseline, after therapy, and at follow- up 
visits. Obtaining the patient's consent to participate could, however, 
be extremely challenging. The length of follow- up period is always 
disputable according to the patient's comfort and the importance 
of long- term observation of the changes induced by the treatment.

This pilot study demonstrated that non- ablative, monopolar 
2(' )% *3!,!4/' %K"0..%5'70)*' -' #%-,I')01%' )%1.%#-)"#%'1!30)!#034'
system is feasible, and safe for the treatment of postmenopausal 
Chinese women with VVA symptoms, and efficacious up to 12- week 
post- treatment.

Given the limitations, the study's conclusions regarding the 
%990 - /'-35'$-9%)/'!9'2(' )#%-)1%3)' 9!#'::@' 03'.!$)1%3!.-"$-,'
women may not fully represent the broader population. The 
findings are, however, valid for the specific group of Hong Kong 
postmenopausal women, caution should be exercised when ex-
trapolating these results to other ethnic groups or a more diverse 
.!.",-)0!3&'(")"#%'$)"50%$'70)*'"3C0-$%5'.-)0%3)'$%,% )!#$+' ,!34I'
term data, and more diverse ethnic representation with a larger 
sample size and a robust control group are needed to validate 
these findings universally. Additionally, nonfunctional measure-
ments including histological analysis, CHIP cytometry, or VMI 
analysis should be included as well as the patient experience and 
treatment perception monitoring.

#$# | %&'()*+,-,&.&,/01

Small sample size, no nonfunctional measurement (e.g. histological 
analysis, CHIP cytometry, etc) no patient experience and treatment 
perception questionnaire, long- term follow- up, monoethnic focus, 
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and the absence of a comparator (sham procedure, placebo, or other 
active treatment) are some of the known limitations of this pilot 
study.

$%&'()*+(,&)-.%&-(,/
Vivian Cheng contributed to the study design and performed all the 
treatments together with a designated Clinic Assistant, Ms. Rita Lee. 
Dr. William Tai provided advice on the scientific part of the whole 
research. Ms. Athena Lee was responsible for statistical analyses of 
the data.
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LLLLLOOOOOCCCCAAALLIZZEEEDDDD  FFFFAAAAATTT RRREEDDUUUCCCTION 

HHHHiiiigggghhhhhhhllllliiiiggggghhhhtttssss

THE EFFICACY AND SAFETY EVALUATION OF A TECHNOLOGY USING 
RADIOFREQUENCY HEATING WITH SUPERFICIAL ACTIVE COOLING FOR 

LOCALIZED FAT REDUCTION

Nicole Hayre1

1. Cosmetic Dermatology Center, McLean, VA, USA

•  25 enrolled patients (29-60 years; skin types II-IV)

•  Four treatments of various body areas delivered 7-14 days apart

•  Ultrasound fat thickness measurements were taken at 1-month                  
and 3-month follow-ups

•  83% of patients who attended 3-month follow-up (23) reported a reduction 
of fat deposits in the treated area

Reduction in fat was observed in a 60-year-old patient 
at the 6-month follow-up visit (right) compared to baseline (left)

IIImmmppprroooovvveemmmeeennnttt iiiinnn  oovvveeerrrraallll 
aaapppppppppeeeeaaaarrrraaaannncccceeee

LLLLooooccaaallliiiizzzeeedddd  fffaatt   
rrrreeeedddduuuccccttttiiiioooonnn

87%22%

BLT_Studienbuch_Exion_DRUCK_Layout 1  26.03.24  11:55  Seite 31



SSSKKIINNNN LLAAAAAXXXXIIITTTTYYY IIMMPPPRRRROOOOOOVVVVVEEEMMMMEEEENNNTTT OOOON THE BODY

HHHHiiiigggghhhhhhhllllliiiiggggghhhhtttssss

A NOVEL TECHNOLOGY COMBINING RADIOFREQUENCY AND TARGETED 
ULTRASOUND FOR IMPROVEMENT IN SKIN LAXITY: THE EFFICACY AND 

SAFETY EVALUATION

David E. Kent, M.D.1, Gregory Muller, M.D.2

1. Skin Care Physicians of Georgia, Macon, GA, USA, 2. Gregory Mueller, MD, FACS, CA, USA
 

Presented at the American Society for Laser Medicine and Surgery (ASLMS), Phoenix, Arizona, April 13-16, 2023

•  30 subjects (33-73 years) received 4 treatments 7-14 days apart

           Treatment of Abdomen or Upper Arms

•  Evaluation of skin laxity improvement at 1 month and 3 months                
post-treatment

•  The treatment’s efficacy was assessed using the GAIS evaluation, and the 
overall score of 2 indicated a significant improvement

Improvement in skin laxity on the upper arm of a 60-year-old patient 
at 3-month follow-up (right) compared to the baseline (left)

IImmmmmppprroovvvveeemmmeeennnttt iiinnn ssskkiinnn lllaaaaxxiittyyy SSaaaatttiiissffaaaccctttiiiooonnn  rraattteeee

85% 96%
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