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ABSTRACT

This study aimed to compare the clinical efficacies between the treatment with 532-
nm potassium titanyl phosphate (KTP) picosecond laser versus 1064-nm neodymium-doped
yttrium aluminum garnet (Nd: YAG) picosecond laser in treating axillary hyperpigmentation.
A total of 20 subjects with bilateral axillary hyperpigmentation were randomly assigned to
receive either treatment with the 532-nm picosecond laser on one side and the 1064-nm
picosecond laser on the contralateral side of axilla. The treatment efficacies were assessed
based on overall photographic improvement assessment using Von Luschan’s chromatic
scale (VLS) and melanin index at the baseline, 4-, 8- and 12-week visit. The result showed a
treatment with 1064-nm neodymium-doped yttrium aluminum garmet (Nd: YAG) picosecond
laser group was significantly greater mean change reduction in Von Luschan's chromatic scale
(VLS) using photographic assessment than 53 2 -nm picosecond laser at 1 2 -week visit
(p =0.005). The mean melanin indexes of both groups significantly declined from the
baseline with different visits but did not significantly different between the 2 groups.
In conclusion, the treatment with 106 4-nm neodymium-doped yttrium aluminum garnet
(Nd: YAG) picosecond laser group is better than 532-nm picosecond laser, this could be used

as an alternate treatment in axillary hyperpigmentation.

Keywords: Axillary Hyperpigmentation, 1064-nm Neodymium-Doped Yttrium Aluminum
Garnet (Nd: YAG) Picosecond Laser, 532-nm Potassium Titanyl Phosphate

(KTP) Picosecond Laser
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uni1 (INTRODUCTION)
1.1 anudrdguazauluuivesdynn (Background and Rationale)

ANMESUSERNTuRAUNR (axillary hyperpigmentation) 1 uni slun1agnielsa
Avdannulaves Tnganunsanulalunndis uinwusnniianlusiefdl Fitzpatrick’s skin type
IV-VI (Robredo, 2020) Tneilenuveiniizhyperpigmentationtiu Ao A1SAUSLIMEINTINE
WUIY 3NNSRTUSUvaRLa1ty (melanin) snuduluguivade (Silvestri et al., 2021)
R NnUIINgafe N1esnusannTulaunAnunden1seniau (Post-inflammatory
hyperpigmentation, PIH) 4 stdulaainuatatads (Nistico et al, 2021) 91nA15AN¥IUDS

v & 1 & A a o P ' & A = '

Evans uaAny wanslimiuil ieidauinusnuiinuusnasainilelodiuduressnsniey
Tnalllallausnausnuiusenauniy aeusinauiiiie fesiloiiay Aeuludufiiae Lazinis
TEMEYRINIIINYURT (transepidermal water loss) gan3usiandu yiliinszdeaiuia
a ) P & a Y] Yo a Aa a N 9 v oA
USasNLIeauILeas uanantusnugensnusgaduuinaninisdoed Tda1sel 1o
WINTENINTITANTATUAIITAN 9 18U NITIAU YTARINTIUS IUAINEITEAULABILAY
anyinaneg Faaziiadusesmudinisenay (PIH) auu1 (Amornpetkul et al., 2021) GRS
0an19iAn s08l5A PIH aunsainlaandadenisusnuazdadenielu fegruesdade
Aeuen taua MU N135zABLABY Husyamududd n1snseia nsvitawes uiaunalwlugd
WSauaIN MIewinTeyiwundInTsAne wu lsagain dwdaduniglu loun nsdnay
TsmsutiweanngiAuu {udu (Robredo, 2020)

[ 1% = I [y v A &

anwnzvessosliakazAuduvesdazuananiuluautadeniduamauaznis
nszaneivesmatdulutunisingy dunilaun visensanstu seslsa PIH fnddnwasidu
= = sugj <@ 1 a 1 1 a
HuLuus1u deillavisauadnnan 1 wuduns (macule) wazlugnan 1 wuRuns (patch)
Tngagifnluiumiadeatuusnainednissnay Feeuisoudeentilu 2 sUuuuldun
50813 PIH USLIuntianing’ (epidermal PIH) wazsoslsa PIH USHuduniann (dermal
PIH)1 Tunslues soulsa PIH MAnlutuntienIngi (epidermal PIH)

wanluledazgnnszduazUdesariveanyn dwalidanvasduduinageunse

U981 kazenaltamaeaudwmaleUninagmy Tunsalved sealsa PIH A lutuy



yifaudt (dermal PIH) wadiasiluladludugiu (basal layer) aggnnssduunsUaosuaniy
dawaliidnuardidy duddhmaduluauiedium molildsunsinmeianaisduses
Tsrnnsviedaddarazinauiuivemely msuen 2 amzdoanaindurildenn e
fheueneornuisaesssamsiniuld (Robredo, 2020)
amginuidiaduiiaundlifedndulseisunsenieoousedisdin udaunsndsa
nsgnuReRmNINTInvowtae Temsduddlauarersual angdnudBRnduiinunfanun
Snwnldshevansds loun [anseiiaenin Aluansess uinszviansinga Tutlagtudeuh
gunsalf ldndssudundn (energy-based devices) sauluaiaiwosunldlunsdnun

(Robredo, 2020) #4l1A5n155nwwuunaiuiy agldawaslunisminseelsaitusanunlag

¥ [
a A 1 v

N1589ANT0WUFTURIFY 9 191 Carbondioxide, CO2 laser3 usitalwasvilailiniaiy
a4 A 0§ ¥ a & . @ o v X | a . . 2 =
@eoanaginliiinsosunaidu (scarring) WAALUNTUNITUNG (hyperpigmentation) wagiiingd
! a . . v = o v saa A =
31984n77Un#A (hypopigmentation) Jagiuiadinsldiagasniainueniaduduas geas
MauImedefinaLas (chromophore) 11Andn eaalemanisiinnat1aAgwazyivld
AAKNAANENIATUANNIINTR (Silvestri et al., 2021) N155nwIRIeLaDs RUsTANS AN

U

o1feszazIanisnuuLaysailomaraiieuiiatsl vilvihsenadriumsinunlel
aauouavdsmasionuenelavesmadns nsfnvameitidedidutuniniiaiues
e wazsndudeslinsimuisnsshwilug o Alussansnmedseios
nsdenldiaesininwnngsesdannsnidenldlivalsauenedu Weann
wandudaduiigauasiiegluimisannsagaduuasaweslsdutianine (250-1200
W luLng) LLmﬁﬁmmemﬂ?ium’;%méﬁmﬁ'ﬂﬁ%ﬁnﬂq (Vachiramon et al., 2022a)
MsAunUNgu Selective photothermolysis Tudl a.m.1980 Aoidugauasuluns
YaasunldsneIn1zauiaUnfveIR T8 1uind (Vachiramon et al., 2022b)
nouiinandsnnuduiussenintesduseney 3 wiin fe A1mEIARULAS (wavelength)
Y29a1Uansnal (pulse duration) Laznwdaau (fluence) fnzaulumsianedede
e (Anderson & Parrish, 1983; $s@un adludnfiawn, 2561) TagUuszasduamquid
FafielAnnsiaadededmnelaelifaransenudadaifefiuinadadsmdodn
fouiian Inenquiddndnds aruduiusvosauemedureuanaeosiivansauty
WandnenTedinawas (chromophore) sﬁaﬂﬂaiuﬁmﬁqﬁﬁa@jmLLammwﬁm Wy Lind
wanfusisileglufudatm$ lueadiualuled uadlusadinmdlulyidfiuariuognely
Tusinou visafadioramumanduluduniusidne viefgauaddu q wu Slulnadu 1

o Y

Loy viseudinsenudeddn dnauauiasyinelianuainsalunisgauasiiniiue1Inay



wile 9 Ifagedumznazuansneiu (edun 1dvdndinn, 2561) 1nngud Selective
photothermolysis naniuthmsngazgninansegalamzinzasieidetianaidesuasd
AflndiAuatu Thermal relaxation time (TRT) weaitlwsnedidosmsianetiu Taeviald TRT
wuUsiumNvaYeiigauas MgaLaiiivuiadn wu wandusasdindilddmiunisdn
avannsngauarasasouliinidgauaifvuelvg) Wy nauwezdudon dady
dosmsvihaneigauasifivunndn Jsandenliiaweslungu Q-switched fifigaiian
Udosuasdu Aefiviiendu nanosecond (ns) viaidenldiawesiifivaaiaUdosuasdundi
iy uiddosnsianesdagauasiifvunalug) Wy snvu Ansdenlfiaweslungu lone-
puled Fefieaanaruassuaseninid Aefinuredu milisecond (ms.) Faidn TRT Uszanas
10-100 ms.9,10

Haguiimswauimesiuawesediades wothininvinngauianives
fafs filawwniAuiales (picosecond laser) fotfuuinnssuiaissaiwesjulmiaiaad

a

Prsadesuasduninaweslungy Q-switched lnsftrsnardesuandufilaiung
(picosecond, ps.) (M@UA AFIUY, 2565) ?fa%:q'aLﬁumi‘v‘l’wmaLﬂmmamaﬁ%mﬂmﬁaﬁﬁﬁ
waluley Tagldvaieiideidedades uenaniinsifilawnduawesaiuisadusn
ndsnuaslududed Fliidanisuandveadndat1eaziden (photo-acoustic effect) uda
Aansaidsadindiunnandenieanlulingszuuidneadsvossnene Swiliansold
Tuns$nnanzifidaausnafmilRaunils asialawnfuaesldosndsnuuasdy
szovnaduy q Hlildndsruuaziuaueddunsinundesniudioiouisuiuamesngy
WluT e (nanosecond, ns.) lun1stiuadws i lnaLAg ey (Vachiramon et al., 2022b:
S9@UN VANAAYT, 2561)

Alawnipuaesteduawesfiluszans mnlunissnmaniziauniusnaRin
winsineUsuidisuieaduilawnduawesyin 532 uiluwns waz 1064 wiluansly
L0153l ad i dud ulaund usnasnuddalAeud19sidn n1sAnYIE 59l
fngusvasdiiteAnviToufleuussdvsnmuaranuvasnsdelunsléflamnifuamesyin
532 ULULLAT WaE 1064 UlUUAS TUANSSN®IN1ILSALSARWTURAUNR Taaazld Von
Luschan's chromatic scale (VLS) (Robredo, 2020) TunnsUsesiunanIssneIn1es ks an,
WuRaund 19 Melanin indexd 91710399 Mexameter® MX18 lun1siaaauiduaesising

NATNLAEIAINANTI NI AU NINB LAV ID EALAS



1.2 A101N91U98 (Research Questions)

1.2.1 A101u39enan (Primary Research Question)
ANSSNYINGN LALTNLAULALYBSTUA 532 UNLULUAT bUANIESNWSARITURAUNG
a N ' . v aa
UANAAYNANIN (average mean change from the baseline) UBIAINULYUVDIANIIINNIG
Useidlu A28 Von Luschan’s chromatic scale (VLS) a1na1nangfanea wietiguiuninany
ADUNITINYT AAAIUINNIT ATSNBIPILNLALINLAULALGDSTRA 1064 UNTULLAST NTTeLIaT
4, 8 way 12 dUa9t skl
1.2.2 A10134398599 (Secondary Research Questions)
1.2.2.1 MISNINNILS NS ARILURAUNAAERLANAULALYDSTNA 532 WILULUAT
ANU1508AAMUTLYRENE (Melanin index) IaeinseLasad Mexameter® MX18 laannnin
dll = £y [ 2 al a L3 a d' 1 %
W agUAUNITS NBIR 8 R LANLALLALYDSTHA 1064 UNTULLAST N15282L387 NBUNITINYI
4, 8 way 12 dUa9t skl
1.2.2.2 MISNINNILSNLSARILURAUNAAERLANAULALLDSTINA 532 WILUUAT
JSovarvaioadlinsniszauanuianalalagsiy Nszeziial 12 dUA1Runain1ssnen
a ) - A ) ' A ~ ~ ) o 9 A a ¢
NszAuinvzonnign (5edu 4-5) 1nnd WewIeuiisuiunisshusmeilawnAuaes
0 1064 wluwnsusaly
1.2.2.3 MSSNINNIZINLSARILURAUNRAERLANAULALLDSTNA 532 WILULUAT
$RuazYRINANANASNINAT1ALIIANULANANS LHBlUSgULTEUAUNITS NBIP I8 R LALYNLAY

awasvle 1064 wnluwmnsusalil
1.3 InUseaeAraIn1sIvY (Objectives)

1.3.1 InguszasAnén (Primary Objective)
WinfAnwwUSeuReuUseanS A nlunissneIn g nuSanuRAUN R 8 A LA NLAY
LYo YHA 532 WIlWAT ATUAILRAENAAIY (average mean change from the baseline)

IAMULIUVDIFRNIDINANTUTEMIU P28 Von Luschan’s chromatic scale (VLS) 21n01nane



A3I9M0A WEUNUNITTNEINILNLANLALLALYDSYTEN 1064 UIULLIAT NISEeeian 4, 8 way 12

dUanai

1.3.2 "‘J’mqﬂizaqﬁiaa (Secondary Objective)

1321 WeAnvudssuiisunssnvinnesnusdindufinunfseflamniiu
wwasyda 532 wiluwes luaiunaveanisanauduveding (Melanin index) Taginsae
1389 Mexameter® MX18 Wlowisuiunissnesmefilawnduawesedn 1064 wiluwns
fiszovinan 4, 8 uay 12 dUav

1.3.2.2 WiefnwSeudiou nan1ssnwnmzsnusdiduinundsmeilamnipu
awesudn 532 wiluwns susevavvessziuanuianelalnesiuvesetaadnsfissesiad
12 §Uaindansinw fissdusnnudesnndign (szdu 4-5) WeSsuiieuiunssnuise
NlalwnAuaessin 1064 U luuns

1.3.2.3 Wiefnwiddsuiiou n1ssnwinnzsnusdnnduiaunimeilawniiu
aesailn 532 wiluwns sudevarnainufes Wewssuifisutunssnudeilamnipu

LA IUA 1064 UNTULUAT
1.4 sunAg ulun1sIde (Hypothesis)

1.4.1 auuﬁngﬁn (Primary Research Hypothesis)

AinAsnanig (average mean change from the baseline) ¥asAuTNT8ERIAN
N15UsELU A28 Von Luschan’s chromatic scale (VLS) a1nainatefanea Useiiulag
uwindiliAgadostuanuide Weisuiuneusnu TunguiifnuimenlawnAuaefuin
532 Yluns anasunnd Wedisuiunsshvdeilawnfuamesadn 1064 wiluwns
Tuns§nenzsnusaiduReunid fszezian 4, 8 way 12 dUani

1.2.3 #uuAFIUTD9 (Secondary Research Hypothesis)

1.4.2.1 Aady mean va9ruduvendnd (melanin index) Tneiasein3 s
Mexameter® MX18 TunguiiSnwidaefilawniduamessin 532 unlulumsanaswinnii
dlofieutunsshvseilawnifuawessin 1064 wiluwns Tunissnwanzsnudanad
AnUNA Tiszezinan neumssn 4, 8 uaz 12 dUnn

Aa

1.4.2.2 Sagazvnsananatnsniseauanuianelalagsiy Nszezian 12 dUan

MRINTIN® SEAUIINNTRINAGA (SEAU 4-5) vIn1sTnwIangSnusaRduRAUnfme



Alawndwawesyda 532 wiluwes 11 ewssudisusunmssnuaeRlawniau
vl 1064 WILULUAT

1.4.2.3 Sovazvosoadinsiiiinatnafssweinssnmanizsnusdnutufiound
selawniuaesedn 532 wiluwes Tdunnse WowssudsusunissnundeRlawn

WAULALYasTEN 1064 WILULUAS
1.5 Aud1AYYRIN1533Y (Significance of the Study)

MITnwInMgsnusaRTuRaUnAReRlamnAuaIeITia 532 wag 1064 WIUWIAT
1 = a a A o Y = 2 Y] Y] ya v
Uagdisz@nsnmia warvarunsarhanliidudnuilanmadenlunissnwinnesnusaia ity
Aaun@dle 1esnuan1sAnyIenEIuLn wulilawnAuae sausau g nwIng
diedduduiinunfivsaioniddaisne loun d nsy gaanei Snvisdateusuanini
Snwquads AaliiSeudeu w3e3s08unedy wasdlinanszdunisadsneaanaulvile
BneaY (Naun 1TsuU, 2565)

= dy o ¥ = a a U U YVaa Y a a v

nsAnwdazyilvnsudsusedns nanlunisinwinnesnuidnuduiaunieae
AawniAuawesvila 532 wag 1064 WIlWWAT NTIUDINTITHIAINITITINDSLAZHAT19LAY S
A 9 Wednuszneunsanaulalumadenlunssnullaused@nsnin anudieanela

g9an uazNaiaAesiiosiign
1.6 VaULINYDINITIVY (Scope of Research)

1.6.1 Uszannsniglunisiae

!
= 1A

g1anaiasnAYIgLaz e 018 18-60 U Nlasuni1sidadedndaieSnusaady
HAUN® 91171 20 AU

1.6.2 ngundeemldlun1side

v A v Yala Y a a

granadasmAmIELazmg 018 18-60 U losunsifiadedndnnieshuiaiauiinung

wazlifimnuRaunfveaRndaluususnes Ak ANLRaYe NSONLEU U

a

SOLNAUSLI
AaN921IN155 090 wagliiuseifnnssuusemueidamanan1ssneIn1Ies NS anL Iy
Aaunftudae 1 iounaut199un15398 Widuszifnisldarsiadndgnindnwadin

(chemical peel) @15U5UAU11 (whitening agents) %38lA3UNIIYILALLDS IUUS N ALY



N135nwNSuseaeatne T 30 Tu feusiumside lulinnegliquiuunnses il

Tsauzisamamnis lddnedsessivsemaliuuyes wazlifiufisenlsouas wseraad

ARG RRT PTG
1.7 é’l”JLLﬂiﬁﬁmﬂ’l (Variable of Research)

1.7.1 fuusdase Ao nguitinun wdady 2 ngu 1dud
1.7.1.1 nguiisnwinnigsausdinduiinund Meflawniduawesvin 532
U luuns
1.7.1.2 ngudisnuinngsnusdiaduinund deflawnifuaessia 1064
U lULURS
1.7.2 faudsany laun
1.7.2.1 Anadenuiduvesding aanmsusyidiu #e Von Luschan’s chromatic
scale (VLS) annneansflanoalagunng
1.7.2.2 A1@3uLY89aR3 (mean melanin index)
1.7.2.3 anuneanelanan1ssnwvesenanating

1.7.2.4 Hat19Aeq

1.8 NS9ULUIAALUNISIAY (Conceptual Framework)

Y a

AT nTuRaUnG (axillary hyperpigmentation) tinlaanualganine
Tnganugfinuiniiande nnesnudddududnundnuvdnisdniay (Axillary PIH)
(Castanedo-Cazares et al., 2013) G?fﬂﬁ‘f]m‘ilﬂﬂszm’:uﬁuﬁuﬁ‘ﬁ’umsﬁﬁmu (James et al.,
2006; Weisberg & Greenbaum, 2003). N15¥11AUAL87A (Al-Aboosi et al., 2004) AT bd
A 07 $n (MagaRa & Herrera-Goepfert, 2002) n1sldnandaaisziumio (Pincell et al,
1993) 3ousinseiaiugnssy dnmsAnwinuinanginusanuduiaunfnamsnissniay
Wuﬁaaﬁlus;ﬁﬁﬁﬁaLéﬁ’u dosaniiudnuasifundusiide (innate trait) (Castanedo-
Cazares et al., 2013; James et al,, 2006; Alexis et al., 2007) Jadesi1e o T19AuazNTEAY
n1sviuredgadiuatuled (melanocyte) wagdanansyauouledlvlsdiua (tyrosinase)

o w a = [

FadueulwdnfimnudAylunszuiunisadiaded Jefinavililinsasiawaniu (melanin)



st usluvinadundsimiuasvdod ledwarduiiadred uasgnifulumariulen
(melanosome) Intiuazgnuudslumaavlasivosaluledifedadadlusunesaluled
(keratinocyte) vilvinsuanseenvosding nmsiidwaduasanudnadunisnduasms
wisamAuinsontauasiiAnnesnuaRnduraunfiniuun (Robredo, 2020) A153n1
amzdnusaiuduisunilagliflawnAuaessinninueniniu 532 uaz 1064 WIuWAS
¥ RENANN1S Selective photothermolysis kag Photoacoustic effect vilidindinaniiu
uanduagidadenuudiunidndunsyuiunisaeld dwmalrdiiusiuseslsaaauay

| A A av a v 4'
ﬂﬂNaﬂ'ﬁﬁV]U@aLu@LElE]@GU'NLﬂENu@EJVIE‘jﬂ

sdunszéunnednuidfauiming

i niavenn mslddeiia
mﬂwaﬂnmﬁ it Fusnsmy

[ - nadraden < nazgumshnuveasasiua ulad
nifwaimes nazquwanlalinlsdue
oila 532 wiluwas l

- ~ a - &
ANIFITVRTUUINITU

Selective photothermolysis /

uaz Photoacoustic effect

finsszauveamin
+ m3aniay
® mnmmmwrma-uumnumnunus
A
mﬁmawn'f
ameinuiEhdhaauni
064 wilut

AN 1.1 nTULNAALUN1TIE (Conceptual framework)

1.9 nsldfemBeufiRniasldlun1s3se (Operational Definition)

yaa

1.9.1 SnuidRaduRaung (Axillary Hyperpigmentation)

Aaa

fio Amzfidiliuuiidnardduniuinalndifes

1.9.2 avfidindiuaniiy (Melanin Index)

| Ao v = = & A v aa

AndnlaanniaTes Mexameter Fadumuansminuduvesdinlaganunsavenaiiy
wANFNeUBIAMULTNYRIAR I AkIug1INMENNTNIRATUTB ALY N TAE IoUT B ALY

A IalaazasunsawIlilaal Melanin index eaglutag 0-999 lnuavianansiian



1%
o

fifAdunn Tnenauidedasinisinuinugeafnaesseslse deiaviaun 3 aduay
Hanmanade

1.9.3 1A399 Mexameter® MX18

Hudesilefiliinmnuduvesdia Insefendnnsgauaiiaznsaziouseua
MNN1sUaBBAIANEIAAY 3 DalduA 568 uilumns 660 wiluims 870 WIlulng uaz
aylamnsUssiliuanuiuveddaingns MX = 500 log INFRARED — REFLECTION + LOG 5
Tunsdfiinanudureauaiiiu afildfde mean melanin index TneAfildfinnaudug +/-
5% eueildaust 1-1,000 (1 = white, 1,000 = black) Iae¥auslnigafsnarsseslsavaud
azdeiivhnsfine Ta 3 asslusumisiu wazihameade

1.9.4 WlawntAutaweas (Picosecond Laser) ¥lia 532 urluluns waz 1064
UULUAT

Picosecond laser §A1Tung 3 ultrashort laser %3 alalgasfiaunsauassnd ey
(power) ﬁqqmmzé’u Gigawatt #38 109 0@ %38 1,000,000,000 07 oonu1lULI9VDS
33U UA D8 UALALEDST (pulse Duration) ﬁéjummﬁﬂisﬁu Picosecond %30 10-12
Jurit freauantinisudssndanuiigslutissseznanddud Jeildalawnfuaeos
ansatudandsnuaslududadimaiiu viliiianisuandveusinded1sazidon

(photoacoustic effect) Latinnisandsadndnuanazideaioonlulnassuurninvoude

]
a a =

v93319me namdeduaweififiusyaninmgaiiauarldinardnunidu Teilvialawniu
awesgninuldsnwinnzfiadiaunfusnaiamiald (11aun 9350w, 2565; Chalermchai
& Rummaneethorn, 2018)

uanni Alawniduawesdianinionsedunisadisnoaanauludundoils
1n8n1589071 Microlens Arrays (MLA) litAinn15Ua 08 na 191U lalenLAuLaLg s
sonulugUuuuvasduaawesian q $1uunin (fractional) vilimAnnsdudandaruas
ludumifuiasnmewesindureridutuniuilnglifnsiaedumbisng (aser
induced optical breakdown/ LIOB) mﬂﬁ?u%Lﬁmmiﬂizﬁumsa%’wﬂaamwuimﬂunm
Aou1 (NFUN ITITUY, 2565) Tnevailawniuaes vin 532 uay 1064 uluwns Sany

U = a

A Ao 1 [ @ a 1o W 1 d’lj A v a o v
g1IndunTIIgdenIIandnduas livihdunsieseiletiotinfes Jaguuiteutunld
lumssnennzdedidudulinunfinng o wseudinseiensausesdn (tattoo removal) d@u
AMgAAUNANIEINITIAY o Aanusasnuliegelivse@nsain taun vqudl 3a508mu 9

watduuneste 1udu
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1.9.5 Uszansnmlun1ssnen

RUUDE WANITSNWIIERLAWNLALAILDSYTEN 532 UNTULIAT @NU150aAAIULTLYDY
A7 nedauadsnanis (average mean change from the baseline) vaaauLduvesdin
1nN15USELY A8 Von Luschan’s chromatic scale (VLS) 91namagnidnea Useiiy

TASLNNGT bl A 87929NUUITY WaguNUABUSNYI anaduInNnan WetfieuiuniIssnen

a

ABNLANLALLADTYRA 1064 WNLULUAT TUNNTINBINILSNRSARIIURAUNG N5282180
4, 8 way 12 dUavi
1.9.6 Von Luschan’s Chromatic Scale (VLS)

14
=< o ¥

wnefls Ansinfigudnavesyedesnundunuudnuadvnsudaimaduge
< [ v A ! < [ | aa o A o ad Y a
Jusgduaguuu 1-36 seau feinduszsuuinadiafiesnuuuaiieindnuiass lag 1
Wirdudun 36 winduduimatuan dvesiianisazgnuseiliulaedUssliuiniunsiseus
A A U = A a Y a v o 5 =% |
A3 oaileluni1sind sdvesilmilsazgnussiiiuluiesnsianiivaslungeeisaiwudddiign

SUNIUNLEIVBINTLRTINE

10
11
12
13
14
15
16
17
18
fian Robredo. (2020); Charoenngam and Sriussadaporn. (2021)

NNV WIN|F-

(o]

ATWH 1.2 Von Luschan’s chromatic scale (VLS)

1.9.7 AN 1AVBIDNEENATHOINITINWN
MUY S08AZVRIDEANATNLTEAUAINUNINBTALA8TIN NSzeLian 12 dUaAVinas

o L =) dl U
N133NYT ITAVUINNIBUINNER (3gmU 4-5)
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av ad v
L@NANILASITUIIENLNYIVDY

¥
va o

TumATsaduilfideliihnsinunnidds unamuasmideiliAsadeatuizesine 4
daolud

1. @e) naln AgsnwsaRIduRAUN

2. WINNRNTSNEINESNUSARLTNHAUNG

3. vinmsiuguvesnsinulselavilsieiases

4. awesTlddmsusnnanediafiduiuinung

5. unAuTiAETes
2.1 dwmg naln AzdnusaRduiaung

AmesnusaiatuRnUnfdunsfitmlsusnalfuuiifidunifmisniudnm
Frafies (Piccolo et al., 2024) \Anldannsidinsadrasiaduanduiniu wiefinsnszae
Fveadadiuariiumnniiund Tasanunauosnnzdananinuldves Snfamuvdanis
Snau Feanusainldieanndadunieuen Wy nsul sEAeLAes Nsrdavy nsld
AR fssziude nisvinawed viaunalilng dodidu Wudu wastladuniely wu
n138ntaunIolsAn1agiAuiumg 9 (Robredo, 2020; Silvestri et al., 2021; Nistico et al,,
2021; Amornpetkul et al,, 2021; Castanedo-Cazares et al., 2013; Evans et al., 2012)
Towuin Wesneneiinngdnay asiinsmdsansdniinissniay (nflammatory mediators)
A9 9 Lo Insaniunaudu (Prostaglandin) 821alnsdu (Leukotriene) NsauusnLaL
(Thromboxane) kagauiadase (Reactive oxygen species #3® ROS) Gﬁﬂﬁlzlﬂﬂizﬁ:uaﬁ
vauvenwadiuailuled (Castanedo-Cazares et al, 2013) viliiAanzidadiduiu
NAUNARILNN

AesnusaanduinundiduanuiinuninisndinuldUesluanivasiu
ouidn anvsasamzdinandiliuide wilndnguannimmaiededendesansaed
Uinaseslsa wuindinstiiunsiaureualuled wasdiedwanduludumisimiuas

RUIWTUUS IUAINENIT5 'il'JZJfg]JUG]'i'J’ﬂWUL%ﬁﬁLﬁﬂLﬁ@ﬂ‘U’]’)%ﬁﬂ mononuclear cells gy
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%ila macrophages @sUsuaniamsiinnednay Jududeaivayuanufgiuilin n1nzinusd

RuRaUNAINARM UNaINISoNLEU (Castanedo-Cazares et al., 2013)

o

2.1.1 NYINIAVBITNKS

[ [y Y

RaviadoduaigisNdnunle

a | 4 [ [ [ d‘
qmqmiuiwmasuamuwa TagdmduUsINITAULSNA
dfgy

| A Y oA o Y= o o
299519018 TninAndnlunisuntesainssdsansililawas (UV) srudedswlaniasy
19 9 A1euen wazAIuANNSEaLdedl Tuednlin1sAnw1dn Hndsdudlaa (Stratum
= [~ a % oﬂ.’/ [~ &l =1 wAa =3 v a
corneum) TUJUNIMUITUUUERA L‘Uumaawmmmu@mawmLawwiumiwumiw{]mﬂum

Jagtunuinimladudleaduadniidia awnsevinszuiuniseng q Inedesiunisdes

(3 [V
v o A

aanulaznIsINaIYNasule uenandimdssutlaadsaunsadounensiiies oty

[y

vladeuralsenis louA U1 @0 1NwInReuNdANTUAT WU DINIAWAY LAaYAAINDINA

=2

B Fedemaliminnisiuasuntanig g lusinie iungnisdeuusuiauazantgvinis

=b.

(%

271911 (Evans et al,, 2012)

Tuunesefifivseiinsldndndausivanuarernusinnsneg nie Anmnuszane
Aosrnmislnuuaznisfiery ardwaliimdsiullaauinudandifansgydelatusas
TUshu G?J'!Q%ﬂizél:uslﬁﬁmwébﬂ pro-inflammatory cytokines vanmarngn (epidermis)
LazInNAIS7Asl mast cell degranulation R cytokines A4Na129¢LUSUNIUNITUUIAIV D
wadlAsIRtuled (keratinocytes) #seiinsnsedulaeyuseaim (nerve endings) vilbiiin
AUTEABLADY AL LAZUANAILLN INFN1IZAINGT? ﬁ]ﬂﬁﬁwﬂmﬁa%u%lﬂagﬂﬁﬂawmﬂgﬁu
desngadeduasiilelediuinaiily slffufuarsouneas WeRmdauginuinug
wsdy fUaeiniuAseimovauasdasnisint dawavilfiinnssniauuind umiuwn
(Evans et al., 2012; Turner et al., 2007; Martin et al., 2003)

Adausnusnuivesyudusznaumeseuivie seoululiu uarsyuruduIuLIn

q

'
[ a

Tnenauliiausnubazinedn Eccrine Fandsvdanddnuayla Tudd ludndu Faaznas

A

WiReeaNINgUInaRvalaense wazseumtesiin Apocrine Zallvunlygnin wagkEnLvite

1 =

flanuaedu vilalaziinfuanizi Jrgnawieringsnvuuarsiuivluiy deuazesnin

q

=b.

Aavtiausng YNy iewdng Jusu sau Apocrine Izasnvasiadniinduianiziaisenia

e

'
a a [

naun1e (Evans et al,, 2012; Wilke et al., 2008) N15ANWINURIUSIUS NS LanelhLiuIn

a A 1

luguedifuiiadeUszunn 116 asruguiunsdetne uaglugugdauszunn 65 11319

<

L wuALURIEaU1 (Cowan-Ellsberry et al.,, 2008) lnsns@nwineuntinlassynimtsusion

a 4

SnusiaaandAnuangaI9INUTINEUYRITINY NaNABUTNATNLITTNTIEUe uR
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#1071 Tundvosnisgaydeniniuiia (trans-epidermal water loss, TEWL) TngUseifiuain
corneosurfametry (Watkinson et al., 2001; Watkinson et al., 2002) ?)ﬂflg\ﬂumiﬁﬂmdﬁqm
lngldndesganssausiuiuaeulnmea (confocal Raman spectroscopy) WU UTIUSNWSE
USinninelaainosea tws1lust (Nistico et al, 2021) LagnIauaniniigandn wsis1uiuves
a5l iy (NMF w3e Natural Moisturizing Factor) inna 1l ewitsufuus naiwan
d2utany (Wu & Kilpatric-Liverman, 2011) UpNANG Fanud Uaonuadaasilalad
(comnified envelopes) fiudasnusTivuindnninfiusudulane fududygraiivivendy
SnusTnsudniwadinfsindini (shorter stratum cormeum turnover) kazN15IAAILLAS
yosimisdeimaia squamometry wuindud laaudinudnusliildaonnqnogeauysal
witlauluusaaudiulaiy (Evans et al,, 2012; Harding et al., 2003; Watkinson et al,,
2001)

NATANEIVRY Burry lazamz Wuidl A1 pH Usnusnusluinarsuaziwangslaile

1 [y} 1 A v o W o = . 1 a [
wpnsineiueg1eildedAy Tuvaziinisdneives Williams wazanz wuinluuinusnuslu

[ '
o =%

aendedlen pH Aisniuane seeuazrdtenuin fsenadulldilussasnsanely
e IanaTinn ey (Burry et al., 2001)

AMNASANEIVBY Evans wazang Wl A.@.2012 Wu31 Circadian rhythms 1Judn
Jadeiifinason pH usiasnud Tnslumaviedan pH 5.9 lugiuduasdan pH 5.5
Tur9t8u (Evans et al, 2012) T 9a1a71 L unaannisvauveso bt us inuiamdl

$uilaa (Yosipovitch et al, 1998) uagmsnawassexlasiy (Parra & Paye, 2003)
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ﬁu’] Evans et al. (2012)

A 2.1 Histological section of axillary skin

AmnuNeTidond HEE anfviausnasnuivosmyed uansdnuurdifiynisnie
Taran 19 9 lawa stratum cormneum (SC), epidermis (E), dermis (D), hair follicle (HF),
piloerector muscle (PE), sebaceous gland (SG), eccrine sweat gland (EG) and apocrine
gland (AG)

2.1.2 WHIBENINVDINIZINIARATURAUNA

Pnfildinsuluneuntn angdnuddtaduinunfdnidnmundinssnau Tnewdle
$rameiflanednauindy agnds Inflammatory mediators #ing 9 leuA Prostaglandin,
Leukotriene, Thromboxane wag ROS %ﬂaﬂﬂﬂizéjum'iv‘hmusuamaﬁl,um‘[ul%ﬁ e
amudinddutuiaund manerSanmeanannintuuinasnug swinfunmsinusaiuda
Raun@Anuunle (Castanedo-Cazares et al., 2013)

waluled (Melanocytes) Wuwadianmiafiia3gunainszuuuszam (Neural crest
cells) Fsazyimiiiafriadadiuardy (Melanin37 ussalunaugaditsondn wailulew
(Melanosome) Tnelunssuaumsdaaszimanduiu (The melanogenesis pathway/ the

Ay a v

Raper Mason pathway) 9zdi5i@danslloandusnszduwaziinUjiseroenTnduuaeu
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ansnany wea-nlsdu (L-Tyrosine) 1Wuuea-lau (L-DOPA) uag Iauadluu (DOPAquinone)
Y o ¢ & & a a [ a . ~ aa o ° =

waduaneniludindiuarivassviia laun guwaiiiu (Eumelanin) Faiidiinna-a1 wagille
waniu (Pheomelanin) 4 9iid1ndoe-une lasdioulaadlinlsGiuadutadvddyaos
nszvIun1sil mneuledinlsguainuuniaun® avdwmaliiinanulaunfinieiinis
laun sear1em fruaznseauin Wlsdiua (Tyrosinase) dauduy

Inalalusiuauin 60-70 Alamasu Inefiowdu rate-limiting enzyme lunszuiunns
nandndimaniiu Inedineswnaduigne duludmnefddyuematy 9 3Bnssnw dnag

dnlugiudaiieuladlvlsdua (Nautiyal & Wairkar, 2021; Ortonne, 2012)

Tyrosine

Tyrosine hydroxylase/ Tyrosinase _\

A A

DOPA

DOPA oxidase/ Tyrosinase ——\

v
DOPA quinone

Glutathione or CyiV DOPAchrome tautomerase

Cysteinyl-DOPA DOPAchrome
DHICA oxidase/
DHI oxidase/ Tyrosinase i
Tyrosinase-related protein 1
DHICA
A4
Alanyl-hydroxy-benzothiazine Indole-5, 6-quinone Indole-5, 6-quinone carboxylic acid
r 4 v
Pheomelanin Eumelanin Eumelanin
(vellow to red) {brown form) (black form)

fian aun 23U, (2564); Nautiyal and Wairkar. (2021)

AT 2.2 nszuiunsasadng melanin (The melanogenesis pathway)
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2.2 UININITINHINILS NS ARTURAUNG

NENNITANARYVDINITINBINMLINUTARRTURAUNGA 9N N1Tann15iuvesieas
wanlules ieidndinduaniiudiu wasdestunsndudug

2.2.1 nMsaan1svinuYssgaauaiulye

yndadeiiientostunsiinanigsnusainduiaund W msidasu nsvhay
azorn nldidedisa nsléndnfusisefumie Wusnssy sosluu Yeddansliloian
Judu Jadomani dwmalfiwadwailuledyiouiudy Snarewdu hyperactive
melanocyte waznanindwarduisduniuun fafunisinvinnvsnuddinduiauni
Fududesannisiauvensadiuanluled Tng3snseng 9 Wy nandesdadonsedu vie

NS ITEImaZ VA1 NRanNTSYINUYRaadatulyd Tnga1unsaidenldiieasifaeInse

'
$ =

wangiasIniy (naun 1¥suw, 2564) nefinnsaannalnniseangns Jeau1sanuangy
U d’l
punatn fsil
Q‘I v @ a

2.2.1.1 nseengnsnaunsas1sdlaguaniiy

laun NITUIUNITAIVAL tyrosinase gene transcription Way tyrosinase-related
protein-1 gene transcription %ﬂgﬂmumeEJIG’TMSMUQ@JSUEN microphthalmia-associated
transcription factor (MITF) @411 U159 @10813508 U8 9019 transcription 9938 ulva il 9y
ausaannsasadadiuaniiule

oulal tyrosinase oiduteulsdndAgiigalunszuiunisadradadiwaniu

s '3
a

wazneud tyrosinase 9209NNT ABINIUNTZUIUNIT glycosylation now é’aﬁ?umsﬁﬁqwa
FusanszuIung slycosylation azvilifioules! tyrosinase yanunsneengnilé (Briganti
et al., 2003)

2.2.1.2 msvenguisvazidEatadiuaiiu

nszuaunsadadeduariu sxsududiensaesdlu tyrosine Tnsandeiouluy
tyrosine hydroxylase (138 tyrosinase) Waeuans tyrosine 1w DOPA ndnuasiy
nsrurumMssnaneduneuaulfifinduaniu fuwandlslunnd 2.1

ﬂalﬂmsaaﬂqm%‘iu%umaumsa%ﬁqLﬁmﬁmeﬁu T§un nsdudensiauves
ouleal tyrosinase msé]’uégqmiﬁwmmauaul%ﬁ tyrosinase-related protein (Robredo,
2020) (peroxidase) 38U anNEUIUNTT oxidation a1 melanin intermediates 1Jugy

Tagirllenazinvdronsdruuinazeangnd dudaeules tyrosinase w3 avimiidu
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alternative substrate nalaulyyd tyrosinase Wesndlassasienany tyrosine mﬂuﬂfjuﬁ
L9 U hydroquinone, azelaic acid, arbutin, aloesin, resveratrol, ellagic acid v udu
wonnidadlarsfidu copper aananwad (copper chelation) Fsfigndannisasiadndiy
anfiu 1199910 copper Wuasdrdgyvilioulal tyrosinase aunsaviiauls aslungud
U kojic acidd0 wazdillansdu ¢ aunsaesngysludunoud wanalilunissi 2.1
£ 9 % 2 = a
2.2.1.3 N1309NaNENNENaINITAsLndLLa Y
laun asneongvsannisdwiudeduaifduainead melanocyte Tudsmad

= ¥ ¥

keratinocyte ag¥liidind melanin Aanas1sudalaaunsaderalusueas keratinocyte

Y
s

inliliiRanzdinaa Iy usnantansidgnonanisadiy aunsarreliRmvdsuiasnus
VUl (Fanandlunnsnei 2.1)

A1319% 2.1 @seengrsannsvinuadaaalulyd lnewdmiunalnnisesngms

naln Aa81981s

asoongvisnounmsaiadaduaniy
- Tyrosinase transcription - Tretinoin, C2-ceramide
- Tyrosinase glycosylation - Calcium D-pantetheine-S-sulphonate
asoongrsvme a1 adindiuaiu
- s‘]’us‘j”’mulézjﬁlmii%ma (Tyrosinase) - Hydroquinone, Azelaic acid, Arbutin, Aloesin,
Resveratrol, Ellagic acid, Kojic acid
- Methimazole, Phenols, Catechols
- Q'Ug’ﬂ Tyrosinase-related protein 1
(peroxidase) - Ascorbic acid, Ql-tocopherol, 6-Hydroxy-3,4-
- mi@f’maugaaaiz (Antioxidant) dihydrocumarins, Thioctic acid
- Oleic acid (C18:1), Linoleic acid (C18:2),

O-linolenic acid (C18:3)
nsgevaanglnlsdiug (Tyrosinase

degradation)

ansoongrsmMevdinisasadinduaiiu

- Sudsnsvudamaniulen (nhibition of - Serine protease inhibitors, niacinamide,
melanosome transfer) soybean extracts

- Increase epidermal turnover - Tretinoin, O-hydroxy acid

fun Maun 1@suu (2564)
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2.2.2 psisendadindiuaniudiuiu

Sowadwanlulednansndiwariudufvesniud Wedmaniuazgnddludaead
wsAluled vildimTsusnadunatafuiihmaduty mnduusnudnug sznanady
AngdnusaRuduRaUndle nsshwiaunsailalaenisiseidadiaduariudiuiueenly
9nfans i evinlseslsaanasadu laun nssneadaenisldansiaindneadiimie
mMySnemoiawesuazaunsaiildndsnudundn [21]

]

° ) &l ° \ 2 o ’N ) o & &
AU ULABINAANUIIITABIUARUAUY (pigment-specific laser) il ULty s

a & =)

Adouhunlddmiunssnennesnusdinduiaunfiannnisi e dwarudwiu
Im&n?ﬁlﬂLﬁm?imeﬁu%ﬁmmmmmiumaamLLﬂﬂﬂﬂi’NMWmmﬁluﬂizmm 400 D9 1200
wluluns dauawesiinnuenedulugleiangn avanunsathunsnmanuinunivesd
Avdaduiuld Weiladwariugaduuasdiluud sziinnuioudaunsnszaslusing
wandu wadiailulea LLazLszjaémiﬂmuisdﬁﬁﬁLﬁmﬁmmﬁuaeqjmsflulfzjaé [8-10, 21]
2.2.3 nsdasiunsnduidiugn
anunsaunuseanlmdu 3 3n1sva) 9 laun
2.2.3.1 miwﬁﬂlﬁ'mﬂa%’aﬂixéju
2.2.3.2 Yestunsnauiduglnonsldouasavdiens

2.2.3.3 Uasiumsnaduldugnlaenisidiaiwesias energy-based devices
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= . N -
l#nsaamsrinam wia USunmvaslnlsfus

dsenwnnsaniay 1w leawesau, Tusleendau

LT LSAUDLA ISAUDA YAY

ihdunszan msfATIEd
4 InlsBiua
oo £ ™ £ » .
sFdanmhlaway), 3esli, [ O O toulmalInls@iua o »  (Tyrosinase)
- . nIzUIMNIIAT
auyadaTz, MITAIEfa
(Transcription of
Tyrosinase gene) duganslnalalmatu
Glycosylation
s InlsFus
ﬂﬂiﬁ'l“ﬂ'l?aql.aaﬂit 18 luﬁ‘l[ﬂﬁu, ngm‘lﬁ‘[au (tyrosinase glycosylation) —HS
viu g laeilu
L 4
3 a 3 o
l.ua‘luuQmJﬁi‘laqlu . nIrIWMIAT AR IMATW Activated Tyrosinase
wanlulouy
10 |
Tyrosinase Cu-chelators 111 sudamsvinarunadinlsoa
) futamaedauiieean lulsy nsAlaan1in (Ellagic acid) (Tyrosinase inhibitors) 111
wanlulmazgnavs . L
. o 3 |s}47 (Melanosome transfer inhibitors) lalasniluy, naladn, andyiiu,
luinmadinasalulaa . J— .
i Tuazdunlus nImazdanan vay
v
= “oan  ww &
wnas@ luled uasiAdouddimisdmus AzadduIwAming
i) ilfiiannafefdindufialng (Hyperpigmentation)

1w AETNUSEN (Axillary

hyperpigmentation)

T

0 ]

RFECIE CELR LR gl

. 3 % ey W o
(Chemical peeling) lalfaiuazalnImn

Tawasawiiunan

v Picosecond laser

fisn Nautiyal and Wairkar. (2021)

AR 2.3 ATILnsT eSS ER I URaUNR
2.3 NEANNITWUFINYRINTTINLIARINIIABLALYDS

mMathewesndlunssnsnmyeuisuninsiol i HEmndusiieu 60 Tneu
ImaLaLszja%m%aLLiﬂlG’{QﬂﬁmﬁuLLazﬁwmsﬁﬂu'{‘J w.A. 2502 Ine Theodore Harold Maiman
{nMlAnd7 Hughes Research Laboratory Miilesundy Sguadrieside Usimaanigoiuing
(§9un 2dlusindann, 2561; Maiman, 1960). Tasnsinuaweslugasuusniy dalng)

) v ¢ [ A A a Y] ] a1y o Y o w 1
L‘U‘L!ﬂWﬂSULaL“UEJiLWE)“VI’]a’]EJLUEJLS@”U@QN%WAUQIUGQUWIMWENﬂ'ﬁ‘ViﬁE)G]ENﬂ’]iﬂ’]"ﬂ@E]E]ﬂ bYU N
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Shundsenianls vieldiawesUduanmiaviailuna (ablative laser skin resurfacing)
eandnmswannauantilnnefveaionawesauainsadonlfvinvouaaesiiie
MsvanevIevdndeld otdudu 9 1A9g19an1z1a1899 (Anderson & Parrish, 1983) L
nsvanenasadenlunzanuiaunfvesnasalden n1svitatgaatuanlulydnie
wariulunnganuiaunfvesdiin nsvianeinddnlunisausesdn wie n1smdnvu
(Hamzavi & Lui, 2005; Tanzi et al,, 2003). §3n157angegrnamsianzasi mliunaify
LaznatAsIaInMsShedesun uenanmsldiawesiienmsianensemdnidodeiil
Foansudatu Swaunsadnawedildiennasuaadodeldise wu msldawesudu
anmiarilalifiuna (non-ablative laser skin resurfacing) wagtaiwesuSuan miaududiu 9
(fractional laser skin resurfacing) wnszdufimiisliassnoaaaulvaity (vaun 2dusnd
WAYN, 2561).
2.3.1 NENNSIUTDNATOUALYDS
LAWes119INA191 “LASER” 9goun91n Lisht Amplification by the Stimulated
Emission of Radiation o AAukwEN Wi TifinnaudRfmufiunndannuasta q U fad
(1dun 19 51U, 2565; Sakamoto et al., 2018; Sardana & Garg, 2014; Sakamoto et al,,
2007; Ross & Uebelhoer, 2011)
23.1.1 fimnueneduies vieduwasdies (monochromic)
2.3.1.2 dAunToaunses (coherence)
2.3.1.3 duanfumsuuiuiy (collimation) ffimmsfiutiuen linsgaieeen
2.3.1.4 1ANdNEd (intensity)
nnMsAdAuantRT1iy viliawesannsaludad ingumanei dvuiadnls
Aavifaliograwiugr Tnsneglundonaiwedavdesdusenoundney 3 diu fie Yeauas
(optical cavity) $i3na19 (medium) LazknaINIaNa 991U (energy source) (FI&NN 10U
ANALAY, 2561)
Sawawasasginluiiigauas anfnufiSentulivainuats sausnslduamdsay
o LUaudsaqun o Ima%tﬁmﬂﬁﬁ%‘miﬁﬁum photochemical, thermal reaction wag
photodisruption M1ua16u 1ay thermal reaction LﬂU‘Uﬁﬁ%mﬁ'ﬁﬁmﬂi%qﬂm%ﬂaaﬁqm
(M@un WIUY, 2565).
Thermal reaction Lﬂuﬂﬁﬁ%‘mﬁ'Lﬁﬂf%']ﬂﬂﬁﬁWé’NW%qLaLszjaﬁ‘ﬁﬂﬁLﬁmms

[

% a & A o § ¥ a a P & A
LW@J%U%@QQ&VTQ@J%@QLU@LSE]Lﬂ’]‘lﬁll’]EJ lmAanisilasundasdliaufenisaeveilolte

[

&
JU
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1. Hyperthermia \intd oot adgaumgd 42-50 aeAwaifoa 98dinig
Waguwlavadlusiy 1fin heat shock response ylinsgduni1sasslusiutaznsaaay

Tusiywnuaiun@euaninLiy

a

2. Coagulation \infigauvndl 60 ssAnsaldea ileldefign coagulation
odmaliAniemeniuinniends
3. Vaporization LAnflgamnfiuszana 100 eariwaldea 9115981867
veailuioide sliAamssudavewvadluiodeodu q wnumsaiensonsssiinves
dedemsly
4. Carbonization LﬁmLﬁaqmmﬁmmLﬂfal,?ial,ﬁu%muﬁa 100 99ALTALT

wisunnin ewdeszifinnns carbonize 910 carbon ﬁgﬂﬂﬁ'aaaaﬂmmmﬁalﬁa Vil
Juds Tnennedasdaenimsldndinuiiuanivlusarmmanidssdunisi tissue
ablation [10, 44]

nslfiawestuazendendnnisvesmnud Selective photothermolysis dw5uns
Fanediadomnsuuusing warlidldiansuindusuuanseiiieded afies
TngagiAgadostudn Thermal relaxation time (TRT) §afuszozianiifigauasmaning
Yousenlundwmilswesninudeuganifmgauasldsu msidmungazgniaisldedis
RNz Treaddesua (pulse duration) axdeslrlndidestu TRT veudhuune
fifosn1svhane mnse pulse duration emandt TRT vassgakanlIvig wEMIuANToU
wwanunsansraegiied edrafssagyiliiAonadadsaniuunld uimndsen pulse
duration dunin TRT YaInALALTIMINEIIN MINALAIRZINTEZANNGIUANNTIUNN
Auldawinmsviasigauatediesguusld fafumndesnmsinuldogiedivszaniam
A159RaA" pulse duration IilndiAsaniedunin TRT vesfgeuantmaneifisndndas
(Anderson & Parrish, 1983; 59811 AIvANANAYI, 2561; MEUN 1TIUU, 2565).

dquuiji381 Photodisruption wag plasma-induced ablationdd 14 uﬂﬁﬁ?mﬁ
ind uainnsldialwes i a pulse duration d wunn 19w Q-switched (nanosecond),
picosecond, femtosecond 1Hudu Tnaiaiasiid pulse duration duan ﬁ]ﬂﬁwﬁw’mﬁgﬂ
uaziAnusIngnsal optical breakdown FsdsraliAnnisvinaneidedenun lun

1. Plasma-induced ablation s un1sviatewil ov esdamuned faanusnwizann
NN9LAR plasma lagliiinudeu wioiia mechanical injury ol

2. Shock wave generation LﬁmmiszLﬁ@ﬂ%av‘hmaLi'faL?J'aLi’]mmajafm mechanical

injury 983 shock wave
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3. Cavitation 9110157 plasma viligaumgiiludedeifiudueg 195057 ian1s
a ) dy d' (% [ 14

seisuasiinduneseineludedaidmung lnen1sguwasnesinvesmaseiniazyinli
a . .. 1 & A = 1 =4 1% aa s 1 a
\Ain mechanical injury siollowde FswlssonialazanunsaiulavasnBsaees 1wy vazds
Q-switched Nd:YAG 532 nm Tul#uani1ssnwinse aguiu end point Wy immediate
whitening #94ina1nUsINHN158! cavitation TULD

d’;mm‘aﬁaﬂuﬂﬁim picosecond tag femtosecond laser %18 pulse duration WA
10 @ansafiasiindu plasma-induced ablation sgnadealaefilsiiin mechanical injury
310 shock wave generation ag cavitation 16 wsilungu Q-switched 1 Aasldnaaeui
gandtun1sifin optical breakdown 393ganansaiin mechanical injury #1337

Tudruwesuisen Photochemical @a1wnsaaiuiulaainnisiiuasaiuisavinliiin
nsdsundasaeiiluiiows laensldawesnindanus wagszuzainisUassalyes

PN v a P | Y a o . = . ° & A
NYMTEAVIUN FazdanalBiinn15a3e singlet oxygen %3 free radical N1vaneLiloie

Wnungle (naun 2Wsul, 2565).
o’d' Y o Y-V < a Y dii( a a
2.4 LaLGU'E'JiﬂiﬁaniUiﬂ‘t’ﬂﬂT}3L1|ﬂﬁla°ll&|‘l|uﬂ\lﬂﬂﬂﬁl

nui Selective photothermolysis tundnnsldiawesfiddny dnauelud a.a.
1983 Ime Anderson wag Parrish (Anderson & Parrish, 1983; S9811 1WA NALAYN, 2561;
Maun sy, 2565). nauidanmsmiuszgndlilunisinuinnededduiuiaunaid
endogenous melanin LLa g exogenous carbon particles vdu target chromophores &
Tnswanfiuazannsngaduuaddiout $addanslalowan (Armemeadu 200-400 wilusns)
wasfianunsouaaiuldsaen wie Visible light (400-760 wiluuns) Taudesddunssn
F29nAudwL Wi near-infrared (760-2100 wiluins)

dlemuenedunaseniy ANNEENsaveNaduluMIgtuNSIULARZanaAY
Tn8929AIUL1IVDIAG UAS 630-1100 w1lULUAST (window of opportunity) 9z4u 29
wnzdmsunmsshwnsinuniveuding ieswndisrduding wanfurpadundeany
wadldfninglalnaduunn mnanusneduresuas iy uaenzqasldandumens

o 1Y

NI¥INNILANLVBIEAAAY WAD181ILAY 1100 WIlWUAT W19zanduNaInULadlauINTuILaY

Y

yilsnaslianuisaadtulaannini



23

uammﬂﬁmﬁmeﬁu%aasﬂummiuiw Hauin 0.5 lulasiuns F9A1U0A7
thermal relaxation time l#ogszving 50-500 wiludunit feduawesildsnwasiound
9din sesstinaaud 3 T laun

1. Pulse width du agludieuliui Lﬁaﬁ%ﬁwﬁ’mwé’muagjﬁL‘ﬁaL?J'aLﬂmma

2. ATIENIAALYBILAT St visible light Fdlaiiiu 1100 wiluans

3. wiuiigennnefiagianedodedmne uilivihasdodetiades

vaurldiawessnuwdad uSiiaseslsaaziin immediate skin whitening lagidin
WanfiuazgadunduINLALaLYes Aeaudeunazilinssmedule nanedurosin
melualuley uagilsinsinvesasdadududvn delelutesides 9 Fusenly

Funfviuazaoy 9 mell nelussegratliiiu 20 Wi

-
o
o
o

100

10

Absorption coefficient (cm™)

L] L]

400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000
Wavelength (nm)

fiun Tanaka et al. (2013)

mwﬁ 2.4 Absorption coefficients of melanin @), hemoglobin (@we), and water @)
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. © 2003 Elsevier - Boloania, Jorizzo and Rapini: Dermatoloay - www.dermtext.com
911 Meesters et al. (2014)

A 2.5 Depth of penetration by various lasers

esilisnwseslsadin amnsaudseentidu 2 nguudn o laun
1. Pigment non-specific laser F3azldundusigadundsnuvanas asnwla

J 2 aa ldgll IS o a o & d’{’
LLﬂiEJEJIiﬂLiJG]?W]E)Qmu ] bR ZUNIINIDNYNINUIYUAU

k24
Y

2. Pigment specific laser @1u1sasnunlavssoslsadindisiunazan 1iesain

o

LaL“daﬂuﬂq'mﬁw endogenous melanin LLag exogenous carbon particles Lﬂuﬁ’J@JWUU

De

[

WAWUTBAT waraunTaRUgeseantallu 3 Ju augaadnIsHRLITELALEDS Fall
(N@un WY, 2565)

1) 1awesaAagudl 1 1ungu Q-switched 713l pulse width aglutasunlu
Funit Ingmsnszanendsnuvosnaawesliaiaue USnagafnatmeiindsaunng
w9 9 (hot spot) viliAndgminadiafss laun epidermal damage, pinpoint bleeding,

tissue splatter wae transient texural change Hudu



25

sa 1 A

2) wawwesdnagui 2 1ungu Q-switched A%l pulse width aglugaeunly

AU uny wadiniswaiwinisnszatewasulialaneuindu luvinliiAe hot spot

F9EUT0AANATINABIIINLALDTTULIN LA

=

3) laLgosanI3ui 3 Wunqu picosecond a2l pulse width aglumae 300-

750 WA (picosecond/ ps) gadunin Q-switched laser Uszanay 15-50 win vilvila
LALe5LARKSINTZUNNAD chromophore Tifawadnnt lduinniawes Q-switched

WlagniAuiawes s udaq Uy a1u15auuInalnn1sinaua e nyusyeIna
(handpiece) \Ju 2 wiia léun FvdinunfuazieiafianusaUasendsuesnundudiuy o
(fractional microlens optic/ fractional picosecond laser)

nalnfliAnainiaund AenisvinliiAnnnsduaziiieuess1aguuss (photoacoustic)
\dosanwdaruuasgnganduauAaiduussduly chromophore denali chromophore
wpnnszaneeen laglivilmAnnsazauauiauluuTnatAs

d1sunalnues fractional picosecond laser LAAR1NN15EY micro lens arrays
Feusznoumeiaudidn q Juduasawesiiuandn 9 vimaqﬂﬁﬁwé’amumfazqmqﬁu
a1 v lnladnwuzves fractional beam amﬁmLmﬂimmma'«qmmﬁu WAZNIILNN
U31nn158i71158n91 laser-induced optical break down (LIOB) A3 (1@un 23534,
2565; 1M@auUN WU, 2564) nelviiaufifisen “thermoionization” vavuaidukaziinnis
a¥revedidnaseuty dwaliiiandsnunanauiifoudnaunanedulnssdesindluiimg
Fuuu (intra-epidermal cavities) denalifinisnssfunisaiianazdniosneaanaulna
Jeanunsansedusyivu Snwsesiienty waznauAale (Kim et al, 2020)

ﬁ’mshﬂ“uaﬂl,al,%a'ﬂuﬂdmﬁ LU Picosecond alexandrite laser (pulse width 550-
750 ps) Faflmuenmaundn 755 nm, ANLEIAAUTeI 1064 Lag 532 nm ATNEIRU,
Picosecond 1064 laser (pulse width 300-750 ps) fimnueeiundn 1064 nm, 584 532
nm, AVINENIAAUTI3 785 W3D 660 nm

2.4.1 mAllAkazIsN1IINE

fouFunsinwasTuunnguamandadituiuinunfeanaunnuinuassoslse
few Wislianunsadenldindonawesldivanzaunueinudn (Polder et al., 2011; Jones &

Nouri, 2006) Iagaiunsaanwunls sadl
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24.1.1 sovlsaidruinundvesditludumidaiong

Lﬁaqmﬂiasﬂiﬂasﬁu aslflaofitaueeaudy Wy Qs NA:YAG (532 nm),
Qs ruby (694 nm), Qs alexandrite (755 nm), picosecond laser (532 nm) saudaLasUSU
aniiududiu o Wudu

2.4.1.2 sovlsaidruRaunivesdinludumdaud

sidonldiawesifianuennauen elduauawesasdnluldaseslsaludy
RUIUT 19U Qs Nd:YAG (1064 nm), Qs ruby (694 nm), Qs alexandrite (755 nm) @ g
picosecond laser (755 wag 1064 nm) LUudu

2.4.13 seglseiifmnuiRnUnivesdiamsludunisinduagmilaud

anufnUnAlunguiiinuldves I8ud i vi3e Uy Becker’s Wudu 21ne1u3de
wumamsinulunguilidesd fesinumasnds wazanunsanduidudnldves (sdun
VUVANAAYT, 2561)

2.4.2 {adn9AB9RINNSSNEIRBRANIALLALYDS

mendimsineinnudediduduiaunidieilawniduawed Snfnunaty
Enteuusinnsenlsn waze1aienn1sLAUSaU MEOUILLAY TIELITAUTINEINIStAenIS
Uszauidu vselienana1n1suln luu1es18e198508MNNSENEUN1ENEIN1TS IR
LaLwed Jones & Nouri, 2006) dailungfianuisaiindule lnsamgluseiddaine
drunatnafssgunssiionadatuld Taud dudwes Aot wnalduyy insosuiuiodin
lasiuase FufniAnannsresmsiuresretawesilivnzay (i Adusnmmne,

2561)
2.5 UNANUNLNEIVDY

HaguldinsiawednauiilawniAu Jaduawesuinnssuagn iinwisessh
du  fluennileansesdnuiniu wu nsziu nsvdn nszuan i1 lnefedrmwenawesly
nauflawniAui fldlunnddnamisninuiseslsafiiidianaidu 1éud Picosecond
N:YAG (9 532 uay 1064 u1luwns), Picosecond alexandrite (755 unluiums) iiugu
Sefinrsanlaglinguf Selective photothermolysis udn AlawniAuaireaylrualung
Snwnnediedidutuiaundldfninaweslungy O-switched Tngazanunsnansiuiuads

v v = a ¥ a U Y v ! a
284n155nw1e wardilonaianat19A893INA1TS Y lALe8N3N (N@UN 1WIUU, 2564)
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agefaggniuninuseslsafiiiaddanudutuiaunddlaifanudsslunisduuste
wiiu esnseslsafitanudssdngn amssnudienisinda Silvestr et al, 2021)

nourAssnwalstawes daudndulunisduunyseinnvesseslsaniuseau
AUEN lawn 3@813@1?‘@&5 # u (Epidermal pigmented lesions) 131 Lentigo simplex,
Ephelides, Café au lait spots, Linear hypermelanosis, Spilus kag Becker spots d@usoslsa
ﬁa&ﬁﬂ(Dermal pigmented lesions) 11 Melasma, Post-inflammatory hyperpigmentation
[58-59] Acquired and congenital dermal melanocytosis (Robredo, 2020; Trivedi et al,,
2017; Rutnin et al., 2019). Imaiaa‘liﬂﬁagﬁu%mauauaﬁﬁ’uLaL%%ﬁﬁmmmmﬁu 532 11
Tums wazseslsailegan szmevaussldifuiaivesimiuenay 1064 ulumns uayvses
Tsafla i duanua dile ¥nazsnwrd1eninseslsnaniugnssy (Silvestri et al., 2021;
Imokawa, 2019; Vachiramon et al., 2018)

dwsunsinmanssnuiaiaduiaund svozneuiiasiindyavesiilawnifuaises
Tudn.@. 2556 Castanedo-Cazares wagAME bAYIIN15AN®ILUY Randomized, double-
blind 1S gUL8uUSEEANTAINTLWIN9N15HY 4% niacinamide, 0.05% desonide, 811aan
(Cetaphil cream) wuinilavszidiuain colorimetric wuin ndsduaanssnw uinasnusi
1A5UN135NWIR8 4% niacinamide wag 0.05% desonide dAnuduvasdindanasuinni
S oeuduemann wazid eiUisuliiausznitsenaeswida wuaa 0.05% desonide
HUsz@nsn1nlund depigment 41nN91 4% niacinamide 08198 ydA ey (Castanedo-
Cazares et al., 2013)

wonani Tud.d. 2559 Hollinger wazansz l8vimsnumunssanssudsduainain
gm%’aqﬂa PubMed tag SCOPUS laglaa1Aumn1in “melasma” uag “hyperpigmentation”
Mnildidenin 30 M wudn i clinical trials SruautosdiinwiReafiunsihwaey
hyperpigmentation ¢ga1531n5351A feusinsdnuiazdaildnin uiiindngufinansiy
azelaic acid, soy, lignin peroxidase, ascorbic acid iontophoresis, arbutin, ellagic acid,
licorice extracts, niacinamide waz mulberry @3150ann12% hyperpigmentation laag9
fiuszavsnm wisgnslsinnn msfinwidsnandadidwnuddnsuiddeliinn uasiinsinmy
;‘J’j’ﬂaaiuizammﬁﬁau%’nﬁﬁm Fevndudesdinisfnuddeioudieulueuiamdiuiiu
(Hollinger et al., 2018)

nAsANwItLUN.A. 2560 ¥89 Chalermchai and Rummaneethorn (2018) ladnen
A et uUsednEA1nues 1064 nm fractional picosecond laser WagN15N1 4%

Hydroquinone Tun135n1¥1 Dermal waz mixed type melasma lagluningnanilssnelay
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Alawnifuawessautunismen Weudulundidndrmidafineniissegraies Tnald
Naaesytn 1064 Uluuns 1w resolve fractional, 100 dots per 6 x 6 mm diameter,
fluence = 1.3-1.5 mJ per microbeam, pulse duration = 450 ps, 4% coverage per pass
for 2-3 passes, total 400-1000 shots, rate 4 Hz wuinilsluniifinisnudeilaaises
UM 4% Hydrogquinone #&sM33nwlen mMASI score anassnantlunguiivign
fieseeadien narAelinadnsaiangd

dmiudeyanssnvinmesnuddintuiaunidioiawes Fuisenudoluil
Aruan 9n91u3Telud w.e. 2563 489 Robredo 7@ 1n1514 Q-switched 1064-nm
Nd:YAG laser Tunsshennissnudaiaduiinuniluarseniiauludfidafanaisesu vy
MU Fitzpatrick lagtdanle focused handpiece, 7 mm spot size, fluence 2.6 mJ/cm2
Waun 4 passes SundruazaNae 800 kJ ushudisazdne a1nmsUszidiuen L* $nadenny
Von Luschan’s Chromatic classification scale wé’ﬁuqmma%’nmﬁgﬁwm 4 p%3 wugnses
Tsausnasnudiaesdnaadadfisuiutounissne Tnedfilinu adverse events la 9
AADANITSNYILALYIANAIUNE (Robredo, 2020)

a a

waglud w.r. 2563 Amornpetkul wagpmy ladin1siussuisuusyansnnsening

Yaa Y a

1064-nm QS laser wag Intense pulsed light (IPL) Tun1s§nwinesausanttuiaun

3)

(% (%

TnuAnwuu randomized, split-side study WUIIANBUAINITINBIATY 3 ATY VI9@0T5 4
UszdnSnnluunnmsnueg1eiddvdiney Tuwdves melanin index, color chart level,
improvement grading scale (IGS) wazAzluuAUNINolavese1aIalas (Amornpetkul
et al,, 2021)

nn15AnYlWY w.e. 2564 Ye9 Vachiramon Lagame avinn1s@nuiluy single-
blinded, RCT lagiUS ULt g uUSe@ N5 N 1nsenI 14 low-fluence alexandrite 755-nm
picosecond laser & ¢ low-fluence neodymium-doped yttrium aluminum garnet
(Nd:YAG) 1064-nm picosecond laser @115 UN1T3 N¥1A11¢ ultraviolet B-induced
hyperpigmentation agglin331338aglasun1sanguas narowband UVB 3 siuits A
U31use8lsa hyperpigmentation azlasunisgueendu 3 nau W osnuiRaeiaies
Imaﬂdmmﬁa%%ﬂwﬁ’w 755-nm picosecond laser IngagldiA3a4 PicoSure® deluun full
beam (flat optics), 8-mm spot size, energy fluence 0.4 J/cm2, 10 Hz, 3 passes ’S‘Hﬂq'm
$nw1dae 1064-nm picosecond laser §99£141A3 09 Picoway® fasTvun full beam (flat
optics), 8-mm spot size, energy fluence 0.65 J/cm2, 10 Hz, 3 passes LLazﬂq'aJﬁleaﬂﬁ%'U

N135n1 (control) WUIMMAIFEUAANITTAWIMUA 5 ATY FeusazATavinaiunn 1 Loy
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WIUN 49 naunlasun1sinwIaae 755-nm picosecond laser A1 mean lightness index

q

—2
N

Ausgaiifuddquieisuiungunuay wasdlednmaluieiud 77 wudnguitldsunis
AR Y 1064-nm picosecond laser A1 mean lightness index A9 w190 Uy d 1Ay

=

deifisuiunguatuauudeniy Lual:di&JUmEmmaaﬂﬂaumlmumiiﬂwmmamai
Tufudi 105 NUINQ ufi$nwdag 755-nm picosecond laser 3iA1 mean lightness index
AT uedradveddad awlsuiungy 1064-nm picosecond laser @7ululivoiniaglyl
NP NG W‘ULawwiuﬂquwiﬂmma 755-nm picosecond laser taedl 2 se7inuniae
hypopigmentation 1 s1efinue1nisuauieu wardn 1 s1efiflennisuns fu safuain
N15ANYIAINAT @1u130euuuladN Alexandrite 755-nm picosecond wag Nd:YAG 1064-
nm picosecond laser {un1ssnuiivasnsewazivszansnndmsuniig UVB-induced
hyperpigmentation Tnedl 755-nm picosecond laser ﬁﬂﬁsﬁwﬁmwﬁﬁﬂ’imdu 1064-nm
picosecond laser Wlo¥nundieaAndsausanas (Vachiramon et al., 2022a)
wazlutiansenn Vachiramon wazamy 3l dnwndIeutiisuusz@nsninesg
potassium titanyl phosphate (KTP) 532-nm picosecond laser L@ ¢ alexandrite 755-nm
picosecond laser Tun195191019% solar lentigines Tngazldingaq PicoWay® spot size 3
mm, energy fluence 0.3-0.9 J/cm2, 1 Hz A15U 532-nm picosecond laser LLGSI%LQ%;QQ
PicoSure® TagLaan spot size 3 mm, energy fluence 2.83 J/cm2, 1 Hz @145U 755-nm
picosecond laser nan15§nwLites 1 ads Wudwﬁaaaﬂﬂdmﬁmaé’wéﬁﬁ Tnefinssnuidae
755-nm picosecond laser TnadwsfAAnTa 532-nm picosecond laser aeinaditud1Anymis
atd duratnefeIaInnsn liuansneiu (Vachiramon et al., 2022b)
Tunanlndifeeiu Silvestri wazane Tavins@ne i eafunissneiniig Benign
Hyperpigmentations Laeld Q-Switched 1064/532 nm laser with picosecond pulse
g9 o vautiufiodndu Q-switched lasers fulvsifianunsaudesndsnilaluseduilaiund
Iﬂaﬁﬂwﬂuﬁﬂwﬁﬁsaﬂim benign melanosis Tiavaa 36 318 @mSumsidenldaiuen
pAuvaAeTazTuRgfUsEAUATIANYoToslsn mniluseslsniiogdn (dermal lesions)
azidenld 1064 nm with a pulse duration of 450 picoseconds LLazmﬂLﬁu'ﬁaaﬂiﬂﬁa&ﬁu
(epidermal lesions) aztd 8nly 532 nm with a pulse duration of 370 picoseconds
ndsdugamsing 4 afa defnnuludl 3 dou wudfidrsuemiadeynme seslsnanag
Fovitauanioranue uaglididrsauiseselaiiAnmg nsallaifsUssasdyuns
Jeaunsaazuladn Q-switched 1064/532 nm laser aunsaldiunissnwmdndmiunig

Benign hypermelanosis 19 Inen1sld Picosecond pulse fiuszansnmaniinisldiniesile
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B wiegnslsfimlunsfnuniffidriuiseswuliinn wesswingunsaidmivingei

N9 (digital skin analysis devices) viausinsestinsnsiatuionanensinen faiy
?mi’ﬂLﬂuﬁmﬁmiﬁﬂmLﬁmLamﬁaaﬁfmwwé’ﬂgmﬁqﬂdn (Silvestri et al., 2021)

Mnudnguiusingaudadfag iy wuinteyaves fractional picosecond laser

dmfumsinwinnzinuidiuduiaunddalidide Wesnuinasnuifedugadoulsy

Jeonavibignastasuazd UrediuannldlaliniudAny niednisnereuldarsadnain

Y v 1

SITUYIATNWIAIEAULDINOU BNVINISANYIMIELaLEeS NounMAgITod il 3dY
° I = a X =T = | oY Vo
Puulilinn waziinsieaudielussesianndnde dnnsnisAnwdnlngdaliressiady
WU UsenIeilAwnALaILesAINEIAGY 532 Uay 1064 UIlIAT
AaluingUsvasAveuidell Aen1sAnwiusyansnimuazanudasadelunissnw
AmgdnusaiuinUnAlasiaimesnguitlaiuiy (picosecond laser) 5¥ning 532 uay 1064
- v = & a s | s
Wluns Weaglansuinisaamsimesiinungay wage1nshiiauseasiinensas
a &£ A o w v a < A =t 44 Y 1% a a
Andu iethdeyaunuseneunsinaulaidudnuilanadeniunsshulnlaussavsnnuay

Jaonny
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s2UeUI5998 (RESEARCH METHODOLOGY)

HagudsliifinmsnvudisuisuRnfuilawnifuawedain 532 wiluwns way
1064 wiluwmslunivesnsinwnmedediduiuiaunduinasnug filuduusyaninauas
audasadey n1sAnuildedingusrasdiilefinuiioudioudssansnansldilawniau
awgasatin 532 uilung wag 1064 wiluans lunsdnunnnegdnudaiaudufiound s
Usziliuanuianelavesenanadns wasnat1ufssaInnIssnw

msiendatiidelasndunanudunaudel

1. MuuaUszrINsuayNISEuNauMee

2. \nvesileflflunside

3. MIAiuNIvY

4. nafiusiusindeya

5. MylATIEideya
3.1 3UuUUN13398 (Research Design)

sULUUNWITBBmaaeamendln wussnuiilugesdne Tredenazde Tnaiden
insfnwwuuguluwiazdne wazunladeyadUseidivdheded Wisuiisuiunisinu

AIUAL (Prospective, Randomized, Single assessor-blind, Comparative, Split-axilla clinical trial)

3.2 A15AMMUAUIEYINTUATAISLABNNA NA8E 19 (Study Population and

Sampling Technique)

3.2.1 Uszrnsiidnen (Study Population)

= v oA v Yaa Y a

praadAsIwATIsLaE NI L sun1sitadeandnnigsnusaRnduAaUnR 91U

Y v [

Nanua 20 AW 81g 18-60 U wd15unN135n e UauniImile 1sang1uiaumine sy
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usifimats ngamme ndaanildsuniseysiAainamenssunisaiesssunsidelusyud
ISgUToEIE
3.2.2 N3LAANNGFUAIE19 (Sampling Technique/Recruitment Process)
Honngudiegdlaensgufiieg1uuig (Simple random sampling) agldnisdu
asnuuubiduiiitodaideneraasinsynauiduseudisanenidonasiuauinasinig
daidenidn Anidensanvedasinside filsmeuiauminendouwsiimans ngamm auasy

SMnuRIAY 20 AY
3.3 N1SATUAUVUINATDEIS (Sample Size Calculation)

$198991nMsAnwInauntn “Robredo uazAny 1309 “Q-Switched 1064 nm Nd:
YAG Laser in Treating Axillary Hyperpigmentation in Filipino Women with Skin Types V-
V. J Drugs Dermatol. 2020;19(1):66-69.” (Robredo, 2020) 1USguLiisun1s5nwInEsnus
dRntuiaung TuandanaWaulud taely Von Luschan’s Chromatic classification scale
(VLS) FeazUszifiunmsilasunlasenuduvesdadndinissne Tnefaanadsnnuduves
dadluudazngy wuitnguusniaiedenuduvondndndinisinw wihiu 0.30 + 0.15
Wig Wag nauil 2 fAafewiniu 0.40 = 0.15 wie
NSANUINVUIAAIBENY @150 LA LABE 19899 1NNSANYIRINaILAEALUTINN
2 ngusegrsitliidudasesaiu (Dependent variable) Ineldgns
) (Zaj2+2p)20p*
(M1 H2)?

AAUALA
Confidence level = 95% (0L = 0.05)
Power of the study = 80% ([3 = 0.20)
Zg )2 = 1.96
ZB =0.84
n = sample size
O'p2 = pooled variance

U1 — Uy = difference of 2 means
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0% = (0.157 = 0.0225

(1.96+0.84)%(0.0225)
- (0.4—0.3)2
Sample size fwzandmsunsaneilie 18 Au

=17.64 =18

[
LY v @ 1

1n8ARLENNANHIIUITHILVINNITAAMIUNALY 10% AIUUAIDE197 LT I UNISAN®EN

Y

(% [ %
[ a

ATellivsduee ey nguaz 20 Ay
3.4 ngwnaeilunisAaiaen (Research Criteria)

3.4.1 \neu9in1sAnLaaNa1a@dlAsIUSIuATINNSAN®IIR8 (Inclusion Criteria)
3.4.1.1 WA ULAENNN
3.4.1.2 918 18-60 U
3.4.1.3 I¥$un9itadeanumddideindameinusainduiinunasansdsuay
AeellausuLsabndiAeny lneussiduainuan193endnemn Von Luschan’s chromatic
scale (VLS) iseslsadiduuinasnud WouiudfimdsnafsedUunduazdanuuaneig
dlowFouiioussuineansdne Ty 1 nieiawes VLS
3.4.1.4 1gatns AN ugau1sulaTINIsAnYIITeAeANadaslaLay
asanganwaidnwsluludugeud1siulasenis (Inform consent form)
3.4.2 \NU9INISLENBENENATERNAINTASINNSANEIARE (Exclusion Criteria)
3.4.2.1 pranadasinneinunfvesiaviiausinnsnud Wy anzfnde sniay
w‘%auwau‘%mmﬁ%ﬁﬂmi@ua WHudu

Yaa ¥

3.4.2.2 9vanaiasiuseiATulsenugndwanon1sguan1ieSuIaR LY

Raundlugie 1 ieunautd15ulasan1s539y Wi nsansudenedn luezduilud
ngalslew (Dusu

3.4.2.3 sranainsiiuseianssnmnnesnusaRduinunisenisldansaing
qudkdRIadinasUTURaY Tud 30 Judeudrsiulasinside

3.4.2.4 9naEnalAsiusEiRnIsSAwInMEsnuSaRWINRAUNRA8nsIY AL ey
Uihaflazyhnisgua Tutas 30 Sunouwdhsulasimside

3.4.2.5 panadinsiianzgiauiuunnies

3.4.2.6 praatAsilsauziSan1aiIua
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3.4.2.7 pranasiasiinemeassivorddiuuyas

3.4.2.8 ananadasiufisenbiouas viemdainisldanshuas wu lelasailuu
shveed wulsdaneseenles dendleadiu wasilyadu lesuau dalnulud waeslsailulau
s

3.4.29 o1nadasiiusziRuienw ez

o

3.4.2.10 21@auAslsaudnUsIUNAZINNITALE

Y

a [ 14

3.4.2.11 pranasiasiinnedldiAndiusnasnudidud uiaund wu nne
ﬁa@uﬁﬁu MBI A1IUNIUBANTUlATY quqﬁﬁﬂﬁdwmﬂu
3.4.2.12 onanadnsiuseiRmassuusemueauilinvlingasluusiu w3eing
Sudszmugsenan Tugas 3 Weudikium Aewdsiulasinisive
3.4.3 nauain15aaus] Ld13ulAsaN193d8uT o An151d131u1ATIN153 3
(Withdrawal or Termination Criteria)
3.4.3.1 91EaIATNANNUSEENAILDBNAINIATINIGITY
3432 oradiAsla Tun1sneInEs AL aduduinUnfaae3En15e ufl
wanwitaaNTenuuUAnINlASTINIGTINY
3.4.3.3 praanashasurataAsdldieUssaenanlasenisive taun uwalndl
UnuAvisiifausunssiausisyiuansiuly Taeddnuurumauiuung Sruines uazsdn
wauUInuNaun Tuusnadivhnnssnm
3.4.3.4 aranadasluufURnuuLIMINssnwIvedasinsive
3.4.35 pranadasiinnnyinssssyninamsdisnlasinsise
3.4.3.6 paadasionnsuienziluseninesnlasinsive
3.4.4 \naudin13gRn1s3denaunua (Early Termination of Study Criteria)
3.4.4.1 Qﬁfﬁ’ﬂaﬁaaﬂmﬂmiﬁﬂmﬁwﬁwmﬁsLL:u'ﬂmaN

3.4.4.2 ¥psuUssanasuaIsevlrliaansaafiunuivenela
3.5 gunsaluaziAsaslianldlun1sive

3.5.1 1AT9Y Picosecond laser %0 Picoway® wanlaauien Candela Corporation

USENAANIFaILTN
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3.5.2 1309 Mexameter JU MX18® ndna1nuI¥n CK Electronic GmbH® Useina
SRR

3.5.3 1w Nzl EMLA® Usgnausieen aSu 2.5% lidocaine wa 2.5% prilocaine

3.5.4 naesRanea (Digital camera) dmsuaioninseslsa

3.5.5 Von Luschan’s chromatic scale @ususnsdslunisilssuiisuszaudin

3.5.6 lunsenUszTRdus wazdeyashly (Source document)

3.5.7 wonansesuiedoyauazduneulun1side (Patient information sheet)

3.5.8 TuBugausun135new (Informed consent form)

3.5.9 wuvdsvuauUszidudszsdnsnamlunissnuinazariunansla (Global
satisfaction’s questionnaire)

3.5.10 wuuduiinteyalasainsideiasnatiaufearasn1ssny (Case record form)

3.5.11 URSUANUNELAZNSANMIUNE
3.6 VUMDUNISIAY

3.6.1 TUAANTDY (Screening Visit)

'
a a va

3.6.1.1 Andengidsidendauantidilatuinusidaiienatanadasiin
MsAne (Inclusion criteria) wazAnidanetaadnsifiooanainnisne (Exclusion criteria)
AUFIT0IY

3.6.1.2 p1aafasianualilyUasves3deludunouvosnisudui vafu
159715398 NSEUIUNITUAT UABUIUIToLAaYNSTeAIUB UYaNI NDE@aT AT Uy
siunslasunmeRandwinduiildldifedesiunuise

3.6.1.3 unmdiamlaiiusuiildldifoadestundde osuiesvasiduntuney
fnguszasd 35939 FmsUsadiuna natrafesiiennaniaduld uaskafiaiadinae
lesuannsinslasinsidelitugiinsinidelaeaziden

3.6.1.4 Wapiaanasnlaneseaziden aziinsasudlugugaunsigns Ny

D
(e

'
[y Y Y

W1s3vensanUsyifvauanily UseiRlsauseanda UseiRnishnen

Y

3.6.1.5

@22

Tuududsedn idnswddensenyseifdiumilunuuduiinteya uarasunululugugeuid

Tlasin53de Inetoyadiuiveteranadnsazgnunlanasiuiluanudu
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3.6.1.6 fitsuAdeesldfumneavsialszdida (1D numben) wiudslunisia

wuunmEIousazata
3.6.2 JuisulAsens (Day 1, Enrollment Visit)

3.6.2.1 unngRvinide asdnusedn p9vsenBLartufinamansuTusnude
#0379 AudglaryN egway 15U

3.6.2.2 Uszidiu A1 Von Luschan’s chromatic scale (VLS) UStiausealsadnn
AulinUnfvasdnudstaanadng (lesional area, VL) Tnaunndimidafiladiieadosiunuisy
2 Yy Feazvhmsussfivluiesdfiiniuasng 400 §nd

3.6.2.3 Usziiu A1 Von Luschan’s chromatic scale UShaisnudsouveniilydl
soolspaRLTURAUNR (Perilesional area, VP) vasviaansing Inousmeimisilaineitosty
MUY

3.6.2.4 UszifiunslgSumsidedeindunnsdnudaiiduinunfidest1eia
AnuguLstlndiAssiursall Ineusediuain Auas19581I19A Von Luschan’s chromatic

¥

scale (VLS) 150815ASAWSARIIURAUNG (L1) tRgunvdRudad1aAgesi und (LO) 50
ANANUBANGNS delta, A = VL - VP) way danuwananailaseuiieuseningdaedng i

1 md1eTnves VLS (right side A = left side A %39 right side A - left side A fagnin w3
1nn31 Liin 1 VLS

3.6.2.5 fussuvtissnadedililunside fe seslsadfaduRaunfuinasnug
fagestng Tasagldusinmianansasinug fanndunszpndemendluanindanansdnug
LazaINRRINa1sesinLEmuLaall 5 lwuRues Aeusndiazimungaildine Tagas
e Melanin index ¢eiaTas Mexameter® Mx18 figaidieduluynadefousiiiiifouasly
mMsngaaRamuna lagagldununaradnlanuisnudiiiorvuadunidunisia Tasazin

PIVUA 3 ATI AIUNAT melanin index WLRAe



37

From medial condyle of elbow
to mid-axilla

r=5cm

AN 3.1 FLUID1999N gl uN15IY

o v o o

3.6.2.6 widivinidednvhaaindu 2 adu fe
1. Shusaugng Snweae 532-nm Picosecond laser
2. Snusauee Snwieae 1064-nm Picosecond laser
3.6.2.7 wnndriTeazvinisduiden tasldmalianisdudenagnedie (Simple
Random Sampling) IngAsduaann lidueaadasuaazsie Ingardulanugiesnuinae
532-nm Picosecond laser AMU¥319¢5N¥19 28 1064-nm Picosecond laserIﬂEWldlLLW‘l/]ET
fssiiunanssnwluusazasslingiuidndlednudaeisim
3.6.2.8 usslforanaiaslalidnasiua sundndaelseiuml snazuvey
(ndune)
3.6.2.9 NauYIN133NWIA8 532 Uag 1064 nm Picosecond laser {13783y
wUzgngansfinneatadanduszesiaan 30 Wil Weasuivunlzauazealneide

§19199NIELDINNDUNINITTNN

(%
6 VA o v

3.6.2.10 LLWVIEJ;ﬁR}EJ%??&ﬂ"} parameter 919946131

1. $nuddreivinssnndeilagnifuagesvin 532 uilung asdenld

resolve fractional mode, spot size 100 dots per 6 x 6 mm diameter, fluence 0.16-0.3
J/cm2, 5 Hz, 4%coverage per pass iwﬁwum 2-3 passes Junsiaiu end point mild

erythema wag Total 500-1000 shots siasnududiadng
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2. $nuddaivinssneidieilawniduagesyida 1064 wiluuns
Az189nld resolve fractional mode, spot size 100 dots per 6 x 6 mm diameter, fluence
1.3-1.9 mJ per microbeam, 5 Hz, 4%coverage per pass imﬁg\‘mm 2-3 passes UNTEI
Wi end point mild erythema wa Total 500-1000 shots sesnuduiiadnag
3.6.3 Juilafany wievua 3 Ase (§Uaif 4, 8 uas 12)
3.6.3.1 friiiformansaimenastuiinnminudisdeuazenogiarsy
3.6.3.2 YAfi1 Von Luschan’s chromatic scale ¥94%3a03914 A dUAT 4,8
waz 12 39 3 A%9
3.6.3.3 TAF1 Melanin index #28 Mexameter®MX18 vosvisaedna AgUad
4,8 uay 12 731 3 A
3.6.3.4 ¥iiduazulzeviamsiuiotaaiasnduszozng 30 wit Weasy
AvunagyhALazonlaednliayoInnouintn1ssnw
3.6.3.5 {Afoazinude Alawniduawessin 532 way 1064 wiluwns feen
parameter audirnuelsadausn
1. $nuddhamdls s iimsshwdneRlawndwaedoda 532 wiluwas Tng
\ianld resolve fractional mode, spot size 100 dots per 6 x 6 mm diameter, fluence 0.
16-0.3 J/cm2, 5 Hz, 4%coverage per pass 'iwﬁgﬂwmw 2-3 passes Junszitadiu end point
mild erythema @z Total 500-1000 shots siesnusniading
2. $nudBndnanils : hnmsshwdefilawnduaesvia 1064 uluuns
Ineidenld resolve fractional mode, spot size 100 dots per 6 x 6 mm diameter, fluence
1.3-1.9 mJ per microbeam, 5 Hz, 4%coverage per pass S’mﬁg\‘muﬂ 2-3 passes JUNTZI
\Wiu end point mild erythema Wag Total 500-1000 shots sesnuinileing
3. 98NN EIRa8 NlAwntAuaesvila 532 wag 1064 U luluns
e 3 A%q LLGiazﬂ%jWi’NﬁJunﬂ 4 o Tnesnunfindausn @Unvid 4 was 8

v Y

363.6 uddvoanadaslilitinsasunaniamisy fusteuarimen (nAune)

3.6.3.7 @NIduarUssliunan1siny e Von Luschan’s chromatic scale Way
melanin index fidUA7 4, 8 wag 12

3.6.3.8 {vinNdgagyihmsussidliunatiafgsannssnevaeihiilawniauaiges
il 532 waz 1064 ulwuns luusazass Inedroranasinsiinuadadsaainnssne
anansaudavinideldnaen

3.6.3.9 Useliuanuianalalnesiuvesordnatng NaUavin 12
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va o

3.6.3.10 UszifiunatruAsslagaauaiueanadag wasussiiulagwnmds3de

AARALATINITING

A1997 3.1 TURDUNITANLTUNITINE (Study procedure)

URBUNTITANTUN5IY

ARNSDY

1B3UlATINIG

(ASadh 1)

Uawid 4 FUavini 8 dUavi

(397 2) (%4t 3) 12

1. AnldoneaalasnIY Inclusion
criteria g Exclusion criteria

2. 93U 19asLdnlATINISINY 8
ANUBULONINNDIAIANAT WA
oaainsasuludugeutnsIy
1As9n1S

3. mmaﬁﬂimaﬂﬂiﬁﬁﬁaaﬂaﬁ
AU

4. eranadaslasurneausia
Uszssunuie

5. 9nUsEIR 1929519018

6. Tufinameneusnasnusi
MIAsAnEN

7. Uiy A1 Von Luschan's
chromatic scale (VLS)

8. ¥afn Melanin index #eLASes
Mexameter® MX18

9. MMsSnemeilamniAuaes
10. wmddideuaveraaag
Uz UNa19LAEIINNITS AN

11. er@adasUszdiuanuiisnela

ABAITSNYN

v

3.7 dannastUasdu (Assumption)

3.7.1 gn3NWIEaNTINNTUMSINwkaEAnnURAN TS NwAuTaving

3.7.2 fihrmenuidanunsoeenainanidelaidielanla
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3.7.3 Gn9addefesu JURnuuuInnsinyvesidewas lildnsshwdu
weNWileNuITe

3.7.4 Tayani13snwees1uuITeasiAiuiduaudussniawnmd i denas

ALU9IH903TY

< 1 a
3.8 msmusfmiamagaLtazmiﬂimuwa

N

[

Werzihnsnususwdeyaiugluiuisniiinissne wazaniusiusudeya

e

[

pansinwazsadafsmdimsinwnadeiitnae Tnedeyafiiusiusadsd
3.8.1 dayaugu
91y wnA Ut daugs Tsausednd UssRuien wasuseTRnsine
3.8.2 N15Us2L3lU Von Luschan’s chromatic scale (VLS)

Jrsiaus 1 09 36 g 1 839717 wag 36 aRUunan

1]10 1928
211 20[29
3|12 21{30
413 22|31
5 (14 23[32
615 24[33
716 25(34
8li7] 26[35
918 27[36

17i&|’1 Robredo (2020)

ﬂ"l‘wﬁ 3.2 Von Luschan’s chromatic scale (VLS)

3.8.3 N15U52U mean melanin index A28LA389 Mexameter® MX18
Uszilulaen9InseelsAaR I uRnUNRUS IS NS IULAAZT1Y teeTnnanrus 3 ASILAaTUNUN
ANRasduAl mean melanin index 19e399 4 479381 Town AauN1TSYT dUAY7 4, 8

Wey 12
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3.8.4 n15UsEiuANUN e lavasanEalns

Toonuadunzwuusal

A15199 3.2 SEAUATLUUANUNINDLIveIa@NatAs

52AU AMUNInelavasarddlns
0 laifanala
1 flanelatiosiign
2 Naneladniae
3 Mawelal1unang
a Pawelaun
5 famelaznniign

g

)

[

N

3.8.5 NAT1LAIAINNITINW

NFINTS NIl ANAULATIULAaYATY 22T UNNKNaT1LASILANLAIRTULAAY

i

3.8.5.1 81M13uAe (Redness)

3.8.5.2 815U (Swelling)

3.8.5.3 81N15LAUSOU (Burning sensation)

3.8.5.4 Aaen Wsarluasiin (Desquamation, Scale)
3.8.5.5 @1 (Acneiform eruption)

3.8.5.6 \deneandugaidny (Pinpoint bleeding)
3.8.5.7 ARty (Hyperpigmentation)

3.8.5.8 9U 9

t4 IS

NIAUNLI15I0UITEANATILABIINNITI NN TULSS HITBazAelsuaiuiy

WEINUNATIAE LAZMUINIINITS NEINBNNIRI VTV UUIREAZLDEN SIUTINATIALS

MAAN L1911 lAgAYIIN55NY) WazaEAUTgUTIBUHARAAMYNTTUNIT

3585551019917 78Tunywd (The independent ethics committee of SAE) Tae5 a7 gn

[ [y

MNAANATILALINTULT KLU INUITEIUADI0BNAINUATY rinTdeasTurayeuly

MssnweuANNIUdNTINNUITImeR



a2

aa

3.9 MsUszliuna uwazadanltlunisinsieidaya (Data Analysis)

3.9.1 @0ALTINTTU

[
J ¥ =l

3.9.1.1 Teyatanau (Categorical data) lawn Yoyaiugiu (characteristic)

Y

Foyaialy mnufiswela uaznadrades Tnsasudeyalusuuuuvesmnud (frequency) uaz
Sovag (Percentage) A1398ALUBITLAUANNNINELY LAaZNATILABIAINATS AT

3.9.1.2 Yosanaiilos (Continuous data) lunsaideyatdunisnszareuni
(Normal distribution) a5UsaifuAads (Mean) uazd1uid s9uun1AsgIU (Standard
deviation) IuﬂiﬂjﬁﬁmﬁlaLﬁﬂﬂﬁﬂizﬁ]whjﬂﬂa (non-normal distribution) ﬁ‘gﬂmarﬁuﬁﬁﬂg’m
(Median) wagAtdrudouuunelng (nter-quartile range) Tnedayafioglunguildun am
LWNVD9ERY (Mean melanin index)

3.9.2 dnfALeaYNY (Inferential Statistics)

3.9.2.1 NMINAADUANNAFIUMAN (Primary research endpoint) ALRAIHAR
ANALTNYDIERY 91nA15UTELEN AQ8 Von Luschan’s chromatic scale (VLS) a1na wany
Ainealaguwnd lunguiisnuisie Alawnduawesvia 532 uiluwns anaswinnid
dasufunissnudieilawnduawessida 1064 urluwnas Tun1ssnesnuidnndy
AAUNG Tiszeziian 4, 8 uaz 12 dUavi 14ad@ Kolmogorov-Smimov test lun1snageunis
LINUAITBYA D1veyaudanuIsuuuUni 19aii paired t test wae repeated measure
analysis of variance (ANOVA) test lunisnageu waz a1veyakaniasiuuliund 19ads
Wilcoxon rank-sum test kag non-parametric, repeated measure, Friedman test A11un
Taddyn1aadffian p < 0.05 8167 p < 0.05 aganiunismeaeuralunie post hoc test
pwana Least square difference (LSD) test mald

3.9.2.2 MINAARUANLAFIUTBY (Secondary research hypothesis) AadeAIu
uweasing (Melanin index) Tnefaseinies Mexameter® MX18 Tunguitsnwnsne filawn
Aulawesaiin 532 wilumns anasinnd deadsufunssnudeRlawnduawesein
1064 ulwuaslun1ssnesnusaanduinund fsveviian 4, 8 waz 12 dUa v 19ana
Kolmogorov-Smirnov test Tun1snageunisuaniasdeya ddeyauaniasuuung 1dada
paired t test uag repeated measure analysis of variance (ANOVA) test Tun1snadeu way

intoyananuaswuulaiund 14ada Wilcoxon rank-sum test Wag non-parametric, repeated
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measure, Friedman test Avunlsd1AgyN19adfinel p < 0.05 01A1 p < 0.05 zALUNT

NadouRolUnTe post hoc test feaina Least square difference (LSD) test sioly

3.9.2.3 Sauarvaisyauanuianelalagsiuveseaatiasisesiial 12 dau

Y a a

n§sms3nw fiszduannvidesnniign (szdu 4-5) vesmsinwanzinuianauduiiaundshed
Tawnpuwaesyidn 532 uiluwes 11nnd Wewssufisusunissnwdeflawniiy
wesvla 1064 Wluuns 1Uans McNemar’s test

3.9.2.4 Sovazvesenarainsiifinatnafswenisinvinmesnusdiuduiaung
seRlawnAuawesda 532 uiluwes luandie Wedoudisutunmssneseilawn

WuaLasuiln 1064 wluiwns 19aaR McNemar’s test

o o aa o LY )

3.9.2.5 AMNUAAITYEAYNISERR AuualA p value < 0.05 S AN NEIH

(Statistically significant)

a

3.9.2.6 Wsunsunldlunisiiasiziveyanisadd Aslusunsy Statistical

Package for the Social Sciences (SPSS) program version 23.0

3.10 N1SNAITUINUDIYSITY

[

ANSANWIVYN

[

UM sALraNN1TUfIRNTIF8A (Good Clinical Practice: GCP)

FadumsgruanadusiesssunarinArnisdmiulilumsnsguuuunsdufiuny ns

Juiindeyauarmslisuneunisfneideluuyud
ms‘dﬁﬁ’ﬁmmLﬂmsﬁmmsgwuﬁtﬂums%’wszﬁ’wiamﬁﬁmsuudwﬁw'ﬁmmﬂaamﬁaLLaz

rnuusgfinvesonanainslasunishuaseanumdnnisuminissniaegaded (Declaration

Y

of Helsinki) agvinsinmunaaIneIanalinsmnaulunnaAsanuyinsing mndnadnames

| £
S a

DU 9 NMANTUNBUAT D1aaLATENITARNINATVIAADILATIUT

[y

WNSINAeaIUNdueauLaznladsdsia bl

e

1. T9UsraeRvesuiTunasHatuAEN AR TUIINNTIAY

2
3. fatiuayunuidy

1. Uszleminazenudssuesanide
5

= <] 3 a ¥ 1 a o
. NS 9uALeNasEuY U3 INLATINSIYY (Informed consent form)



aq

6. @nslunsbugeneanaNmuITeuludn1sTan1sANudseg 1IN aNIN

MAs3eNlan15SUses

ey

7. Undosuazsnwianududiudiuazanuduvesinsinide denndeiv

ngvEnglnenariInsgIuaIna
8. HaU 1A JULTINLAAT UsENIUITed g nirenuludinmgnssuns

3YFITU
9. praanasazliidoaldanele o nasnszezaINITU9m398 Lazazlasu

ANPBULNUNINDSUTTTUTLAU S EL
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NAIIUIAY

o A o ¢ ~ ~ | Y] ) v a Y a Ay
PAIINNYININITANRUTIUMBUTENING NSTNEIN1ILS NS ARITURAUNRAY 532
Y luuns wwnaesy mnida Weawe AlawnAulawes Weudu 1064 UlULAS LHUA
< a a 4 a v dy [~ = 2 v | = a 1 = =
win flawniAuawes nuideiidunisinwmluirmdiwuududon dnquidSeuiiou uwag
UnUadeyaniesussidiuniaiien iunssuseniesssuanauenssunIdeluiywdves
WMINedewlivaInseUTesla ATATUN 27 NerAneu 2567 autausiaeylan COA
230/2024 EC 24135-20

AF8la3 uvinn19I TR A TuT 28 WeATN18Y 2567 Ui 6 AUAN 2568

ey

Y

fonanadasdidnTnidednuiu 20 Ay

4.1 %agaﬁa‘lﬂ%m@‘ﬁ'ﬁ"maﬁﬂ (General Characteristic of the Sample)

(4
=

N5@nw139eTiun1sAnwinuuruatesnusvesenaatinseanidu 2 41eluy
pranadiaseuieatu Rnsiuiuenaatasiaun 20 Au Snumeiiugiureanuise dun
WAV 91U 15 AU (Feuay 75) LasmAyig 91U 5 Al (Seuag 25) mqm?{aﬁa 38.7 +
6.5 U lngoanasinsiiongtioaninviniu 30 Yevun 3 au (Govay 15) wazenaadinsdeny
1nn3n 30 Pava 17 au (Gevas 85) Adailinanigvetoranadasnmun daadewiiu
21.7 + 3.1 Alansu/Auns® dRamnunasiaes Fitzpatrick’s skin type Il $112U 6 AU (Sovay

1%

30), type IV 97U 11 AU (S9wag 55) kag type V 9112 3 AU (Sogay 15) Tudiuiu
21@@NATNNUA 20 AU A15AUTZINRIIIUIUL 3 AU (598aY 15) wi blduRuUSAUN1IES NS A
RduRaUnd tuilastiusziRniswienwasUseiRn1ssns1n1ESNwsmMuInaurt

v §Ideazvinisutenatadaseenidy 2 nguuazyinnisfnyideuuuass
¥ o a o = a v | & Y A vo 'Y v
19l ATAULA 87N LUS BUM BUADIUN WekUAd W97 S UNISSNEIR8 532 UNTUIAS
Tnunawen lynda weaws AlawnAuEawes nT19vinnssnesie 1064 Wi lums Buf win

AlagniAuaes Ingisnisuusnguiunuuduidanagsine
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M19197 4.1 Teyaniluvewiinsinide (31w 20 aw)

‘fj’ayjaﬁ"%‘lﬂ Nan1sANE (n=20)
91g, Flade (SD), 38.7(6.5)
- 919 <= 30 U, F1uu 3
- 979 > 30 U, 91w 17
LA, 91UIU
- WA 15
- AT 5

diamuinauet ves Fitzpatrick's skin

- typelll 6

- typelV 11

- typeV 3
ARYTLIANIY, mean (SD), Alaniu/ns? 21.7(3.1)

vinewin SD vide Adoauusnnsgu
4.2 WaduIdguan (Primary Outcome)

Usgansnimnissnennnesnusanuduiaund 9ann1sUseidiu aae Von Luschan’s
chromatic scale (VLS) 9annuagfavnaalagunme

n13UseLfluAaA 8naf19Yes Von Luschan’s chromatic scale (VLS) 9ana1wane
fanea Tnsunmddsliifedeaiunuddonashinsunssnm nuinnguildunssnume
1064 wiluins Bud udn AlawniAuawes aunsnanAadsauduresdiauinnsneg
Idnnninnguitlesunissneide 532 uiluwas unadon Tnnia veawn Alewwnidy
e fszeziaan 4 uay 12 dUaw

1NN 4.2 AouiFuyinsinw Anafenarisuesnnuitivesdiannnisyseidu
#8 Von Luschan’s chromatic scale (VLS) aana1wasfdneaveanguiiviinisinuidae
532 wiluns AlawnAuaies TAwiniu 6.4 + 1.3 e nguiimsinwee 1064 ulusms

) a & a 1 ! U ! = ! o 1 = o L aa
NalwnAuaees JAIAU 6.5 + 1.3 wule Imsﬂmmmwmmﬂmwﬂuamauuaammwaam

J¥NingaeInNgu (p=0.564)



ar

TudUaif 4 wui1 ANLRE INaR 1S UBIAINULTNYBIARIIINN1SUTELEUADY Von
Luschan’s chromatic scale (VLS) 31nn1nagfdneavengunyinnmssneaieg 532 uilumng
wlawnAwaes A 6.6 = 1.5 vy luvaeingunyiinisshwinie 1064 wiluiuns
a a s 1 W ' ' a ' v aa a
AlANLALARS TAWINAY 6.3 + 1.4 %1178 1AgALRANAR19UDIAULUUVBIRRIUS LI
U ¥ 1 1 1 = o % aa
ShufanasnninguusnagsiitdudAynieada (p=0.011)

TudUa197 8 NUTIANLRA IRNAR19YIAINULT UVBIARI1NN1SUTELEUA28 Von
Luschan’s chromatic scale (VLS) 91nn1#aeATneavaenguvinn1ssnynig 532 uluns
Alawnifuaes IAAu 6.4 + 1.5 ey naunvinssnwnieg 1064 wiluwns flasniay

& a 1 1 Y 1 (=] 1 o 1 = o % aa 1
o3 AAvindu 6.2 = 1.5 niae lagldiianuunnaisiusgeildudiAgyniaiAsening
@03nau (p=0.206)

warludUaYiN 12 NUINANRAYNARI9YIAINNLTNYBIERNI9INNNSUSELI LAY Von
Luschan’s chromatic scale (VLS) 21nn1agaaneavengunyinnssneeie 532 uiluwns
AlawnAuages dainnu 6.7 = 1.4 e Tuvaeinguinyin1ssnwinig 1064 uluing
AlANALADS AYIINU 6.3 £ 1.5 %118 LAgALRRNAR19UDIAUUNVBIRRIUS LI
ShuSanasunnninguusnegitudAyneans (p=0.005)

1 d‘ =i a 1 1 a % :.I/ 1 d‘ Yo v 2
widlaiTeuisuAlunguifeniu anguinlasunssnuisag 532 way 1064 uluuns
AlawniAuaiees nunldianuwnndeiuegralteddyniedalunguiagiiunsasngy
Tuda9in 0, 4, 8 way 12 (p=0.9570 way 0.2020 AUEIAV)
A157199 4.2 WSeUWgUANLRaLNan19uBa Von Luschan’s chromatic scale (VLS) UStinisae

lsadiuRaunAvess nusAuRmTieUn® sevinaesnay ({91333 3103 20 Aw)

A VLS (mean + SD)  532-nm Picosecond laser 1064-nm Picosecond laser  p value*

FUnifl 0 (33350) 64%13 65+ 1.3 0.564
FUnidi 4 66+ 15 63+ 1.4 0.011
FUnidi 8 6415 62+ 15 0.206
FUnWidi 12 67+ 14 63+ 15 0.005

p value* 0.9570 0.2020

nuewme *Anseilagldaiii Wilcoxon Signed-ranks test kag Two way, repeated non-

parametric, Friedman test
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AN 4.1 WUSEULT B UNBULASTAINITSNYINE 532 ULULUAT WLALYNLAULALYDS

PNEUANN 12

AN 4.2 WUSHULT I UNDULASVAINITINYIR28 532 UNTULUAT WLALYNLAULALYDS

FdUaT 12
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AMNN 4.3 WUSHULTEUN DULAENRAINITSNBIA28 1064 U TULLAT NLALYNLAULALYDS

PEUANAN 12

AN 4.4 WUSHUTEUNBURALTAINISTNEINIY 1064 UITULLAT NLALNLAULALYDS

PEUANAN 12
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4.3 Na9UIIDY (Secondary Outcome)

4.3.1 WisuiisuAaisanuiduveadad (Mean Melanin Index) Tngusziiiu
a8 Mexameter® MX18 ¥2an13e3nuiaRduiiaUn® 58119 2 ngy

& JuiliFalasinide @Uasid 0) A1 Mean melanin index 91nA3UsEIT U8
Mexameter® Mx18 Tungaitlasunissnuisae 532 unluwns AlawnAuiaiees wiidy
329.8 + 91.8 Wiy waznguilasunissnuidie 1064 unluluns AlawniAuaies witdu
327.4 + 94.2 vt Lnsdia1ma3 Mean melanin index va3visanengalaifianuuandisfiy
pgslitdAY19Ena (p=0.817)

Tudunsift 4 wuinAn Mean melanin index Tunguitléd3unmssnwdie 532 uiluns
MawniAuames TAwiiy 3004 + 104.7 wie uaznguiiléunisinude 1064 uiluans
flawniAuawes fawvindy 289.0 + 101.6 e TaefiA1v83 Mean melanin index %84
feaosngulaifinnuunnsafusgnsiifoddmeadi (p=0.279)

Tudunsift 8 wudndn Mean melanin index Tunguitléd3unssnwsie 532 uiluns
fawniAuaes iy 270.8 + 835 e uagnguiilesunisinude 1064 uiluiing
flawwniAwaises JA1Ay 263.6 + 91.1 miiae IaefiA1ves Mean melanin index 184

o w

faosnaulifinnuunnsiaiuegnsiiiod Amneadn (p=0.375)

Tudunnsifl 12 nudnen Mean melanin index Tungaitldsumssnwse 532 uluns
fawniAuawes Ay 265.8 + 88.0 e uaznguiilesunisinude 1064 uiluiing
flawwniAwaises JA1vAy 255.8 + 76.2 miiae IaefiA1ves Mean melanin index 184
faaosngulifinnuunnsatuegsiifoddmneadn (p=0.265)

dlelisuifisudn Mean melanin index lunguitlédunissnuisag 532 unluwns
AawnAuaes Tuduawi 0, 4, 8 uag 12 wuIdAanauazLanANA a1l te @Ay
1988 (p<0.001) uaruanINLSamudn A1 Mean melanin index lungudildsunissnu
w8 1064 uluiuns AlawnAuawes TudUuasid 0, 4, 8 wag 12 fAanauazuansneiu

Y 1Y

pg9ltdAYN19EnRA (p<0.001) WULRBTU (MN57 4.3)

o
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A151991 4.3 WS HULTIUALAA 8RN UYRIInA (Mean melanin index) 18459815
JEUINNguNlasuN1sSNwIAaY 532 uluwes Alawnduages dunguilasy
ANSSNYINIY 1064 WNTULLAT W EALNLALLALYDS A28 Mexameter® MX18

measurement 7N5¥£4381 0, 4, 8 Uag 12 dUA% ({L11931338 F1171 20 A)

Mean melanin index,
532-nm Picosecond laser 1064-nm Picosecond laser p value*

mean * SD

FUn9idi 0 (153338) 329.8 £ 91.8 327.4 + 94.2 0.817
FUaiii 4 300.4 + 104.7 289.0 + 101.6 0.279
dUaifl 8 270.8 + 83.5 263.6 + 91.1 0.375
FUnwidi 12 265.8 + 88.0 255.8 + 76.2 0.265
p value** <0.001 <0.001

nuenn *Ias1edilagldatii Paired t test uag repeated measure, analysis of variance

(ANOVA test)

4.3.2 35129 Post Hoc Test wiaiUSuuifisudn Mean Difference 28461 Mean
Melanin Index Tunguitlésunissnundae 532 urlumns AlawniAuiawes

31NN1534A5199 post hoc test lums1991 4.4 Wudn ALad snan19989 Mean
Melanin Index (MMI) flaiUieuiisunounasndnissnudie 532 wiluuns Alawniau
awes wudn Araudurendindusnaseslsai snusanased 1alfed Ay viad fAlu
VN1 (p<0.001)

wnisufisuaineun1ssnw (@Uansidl 0) fu a9 4, 8 waz 12 A1 Mean
Difference winfiu 29.43 + 9.61 %138 (p=0.006), 45.46 + 9.05 w18 (p<0.001) wag 81.07
+ 17.33 miaw (p<0.001) Audy wansliidiugn Mean Difference Wintudionamuly
Famneanudn aenuduvendndanatesiiewies lnsameiiduanid 12 Sedidanas

'
a

-'-NI 4{‘ a U 1 QI ¥ d'o./ '3
WINanLilalig uAuUYINTUAUNEUAN 0
%) o‘dy b2 Y & = a a =S a 6

nadnsHazyouliiude Use@nsninuad 532 unluns AlewniAuiawes lunisan
ANULYaIAAlaI1SUNITS N R Ll

W AN 1T dUAYIT 4 1 US8UBUNUAUAYT 8 way 12 WUl A1 Mean
Difference 8¢l 16.03 = 4.01 M1 (p=0.001) Uag 51.64 + 8.63 138 (p<0.001) MUY
wansliiiua A1ANNTLYeAnAT LW T Nanad9g19M DL oInaIANNdUAYN 4 Lazanas

d%’ 1 % d’ = o o
UINYUBYNTALIULLDIFUAUN 12
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uenand iefinrsanii §Uawid 8 wWisuiileufiudunvid 12 A1 Mean Difference
WU 35.61 + 8.44 (p<0.001) wandlwifiudn ndnduavidl 8 Armnudureasinddng
anasegsreLiles Ingdunid 12 iWuthananiifinsdsuulamwesdindunndian (ansei
4.4)
A15197 4.4 1WSouiiisuan Mean Difference, A1 Mean melanin index iuﬂajuﬁlﬁ%’ums

$nwime 532 wnluwes Alawniduages (id139173y 91w 20 Aw)

Ui Useudiou Mean Difference MMI  Standard error (SE) P value*
FUnWidl 0-4 29.43 9.61 0.006
&Unifl 0-8 45.46 9.05 <0.001
FUniii 0-12 81.07 17.33 <0.001
FUn i 4-8 16.03 4.01 0.001
FUnidl 4-12 51.64 8.63 <0.001
FUniii 8-12 35.61 8.44 <0.001

RUELUR *&0A least square difference (LSD) test Wenaaeuly post hoc test

4.3.3 31A512% Post Hoc Test iai3euifisudl Mean Difference v89A1 Mean
Melanin Index Tunguitld3unisinwdig 1064 unlung RawniAuawes

91n11574A9129 post hoc test TuA151971 4.5 NU31 A1Lad sNar 19989 Mean
Melanin Index (MMI) isiUieuifisunounasndsnssnusne 1064 uiluwns Rlawwniay
aes nudn Arauduresindusaseslsad snusanated1aifuddyvnad flu
VN1 (p<0.001)

WS euiisuA1noun1ssne (@Ua19ia 0) fu dUA M 4, 8 uay 12 A1 Mean
Difference winfiu 38.38 + 7.74 %1138 (p<0.001), 50.91 + 7.21 w118 (p<0.001) kag 93.91
+ 13.92 198 (p<0.001) Audnsu wansliiiuin Mean Difference wnguiianatduld
Fomnoanudn menudurendadanasegiseidios Inaamefidamd 12 Ssiimanas
unigaieiisuiutiausuiidunii o

nadnshavieuliidiuds Usvavsnmuos 1064 wiluwnas Alawnfuawed Tunis
ananuuvendadifiodnsunisinwedseiies

lofa15an dUavid 4 Wisuieoududunsii 8 way 12 wudn A1 Mean

Difference agjﬁ 12.53 + 4.61 vy (p=0.014) Way 55.53 + 7.56 %iae (p<0.001) AIUEIAU
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wansliiiuin ArnnuduvensindiiuuilduanasesenaiiomdinndUunnif 4 uazanas
unTuegedaauiiofsduamin 12

wonanil weRansanit dUnWi 8 Wisulsuiuduait 12 A1 Mean Difference
WU 42.99 + 7.01 e (p<0.001) wandliiiud1 ndwndUanid 8 Arauduveding
fFansanasogreiies Insduaniv 12 18urranarifinsdsuulasweusdaduinian
(M157971 4.5)
A15197 4.5 1WSeULTiguA1 Mean Difference, A1 Mean melanin index Iuﬂduﬁlﬁ%mi

[y

Shwdy 1064 unluluns Wlawniduaed (133133 311U 20 Aw)

fUavidiluSeoulfisu  Mean Difference MMI  Standard error (SE) P value*

FUpnvidl 0-4 38.38 7.74 <0.001
FUansifl 0-8 50.91 7.22 <0.001
FUansifl 0-12 93.91 13.92 <0.001
dUnnvidl 4-8 12.53 4.61 0.014
FUpnvidl 4-12 55.53 7.56 <0.001
FUanoifl 8-12 42.99 7.01 <0.001

wUELUe *a0A least square difference (LSD) test Wanageuly post hoc test

4.3.4 n1suszidunazuuualunenalalaganaqdlins (Patient’s Satisfaction
Score)

M99 4.6 uanssIsufisuazuuuaufianelavesoranainsniendsainnns
$nwn Tnodanadl 12 dUansi nudh nauiisnwsne 532 uilumng AlawniAuawes fazuuy
anuftanelaszdu 4-5 (Fewelasnnuazfisnelasnndian) winfu 11 au Fovag 55) luvaigd
nauisnwide 1064 wiluwas AlawniAuaies dazuuuaufielassdy 4-5 windy
13 Ay (Foway 65) uandliiiuinnguilssunissnwise 1064 wiluwes AlawniAuaves
fuwiliduliasuuuanuiianelagnin usegrslsfiniy lifinnuuandseg1alvedfAgmig

v =

A0ATENINERINGY (p=0.625) Faasuineranadnsvisaainquilseauanuianalandunmii

12 TnalAeanu
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A15199 4.6 LWSsuisuazhuuAunanalalagenaaias (Patient’s satisfaction score)

Tunquinlasunissnweae 532 unluwns flawniAuawes uasnguilasunis

U ¥ 1

Ny 1064 uiluuns WlalwniAuaes Nsveeiial 12 e s

o

398 97U 20 AY)

532-nm Picosecond laser 1064-nm Picosecond laser

Satisfaction score p value*
n(%) n(%)
feladnios (2 Azwuw) 1(5) 1(5) 0.625
swelatrunans (3 Azluw) 8(40) 6(30)
Aswalaun (4 Azwuy) 6(30) 8(40)
famelasnniian (5 Azuuw) 5(25) 5(25)

a v U

NUBUR *AT1enaifnieg Mc Nemar test iguiogazvainquidiseauiianelasedu 4-5

(Wanalaunvseianelauiniign) sening 2 nqy

4.3.5 UsziliuauaIni1sa19Aee (Adverse Effects)

M15197 4.7 MIUTugURatnaAes (adverse effects) s¥7ine 2 ngu (191591338 91w

20 AU)
EERNGEN 532-nm Picosecond laser 1064-nm Picosecond laser
. 5 = = p-value
(Adverse effect) IUU(588L) IMUIU(598aL)
508UAY (Skin redness) 2(10) 2(10) 1.000
sunvudniey (folliculitis) 1(5) 1(5) 1.000
TRUAINAINITONLEU (PIH) 1(5) - 0.500

AT 4.7 NA N LATUNITTNYIAIY 532 UIlULUAT NIALYNLAULALYDS

v a Aa X oA o o ¢ - ° Y
WUNATLALINAATUAD SREUAIEIIALLeS (skin redness) 313U 2 AU (Segay 10) JYu
Yud nLau (folliculitis) 9M1UIU 1 AU (S08AY 5) WATWUTRYAING INI1TO NLAUY

(Postinflammatory hyperpigmentation) 41421 1 AU (SoUag 5) iummzﬁﬂfiuméj%ms

14
a =

$nwidae 1064 wilumns AlalwniAuiawes nunat udssiiiatufe soounmdwiaives
(skin redness) 91uu 2 AU (Seeay 10) wag JauvUSnLay (folliculitis) 31UU 1 AY
(fovaz 5) lnalodianeiuIsudiougtinsaivessadnadsaszninanguildiunsinm
s 532 uay 1064 ulumns Mawniduaees wuirduudilisunatradessesuns (skin
redness) uag JYNVUBNLEU (folliculitis) fuauvihduluaongy (2 way 1 Memudd)

Y [y

TnglifimuuanaisegeiidedAymseda (p=1.000 tag 1.000 AUAINU) NN T986

o
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WFaN159nLEU (Postinflammatory hyperpigmentation) wulunguitlasunissnwieig 532
wluluns AlaniAuaigas W 1 578 Yaeitungy 1064 uiluuns AlewniAuaiyes

Linwunatadesil egalsinig anuwandsananliddeddynneadf (p=0.500) sagu

o

Y 1Y

lpgdnsnisiienatnafgsseninaeanguliwanseiueeiidydAgynieads
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a3U anUsena wasdalauauuy

5.1 anusigna

Y a a

Amgsnusannduinund (Axillary hyperpigmentation) tJun1gfiiindsusnula

Aa v I a Y a a v = a aa v & o a A X
FuudldTunifdinidsunAus nadnafes leann1sidnisasiudadiuaiduinuiu
(Silvestri et al., 2021) w3siinsnszanesveding

a 1 a = A [ a v a Yo

wanduunnaiung Fdedunriznlsermdsiinuldveswazanusanulaluyn
i usagnunnfigalusiedidl Fitzpatrick’s skin type IV-VI1 lagaugiinuldvey dnifia
AUNRIN15ONLEU (Robredo, 2020; Nistico et al., 2021; Castanedo-Cazares et al., 2013)

WeI19NEiNMEENEU 93in1INaEsTNUINISEnLEU (Inflammatory  mediators)
A9 9 laun Insaniunaudu (Prostaglandin) @21alnsdu (Leukotriene) nouuaniay
(Thromboxane) wagauyadase (Reactive oxygen species %38 ROS) Gﬁwﬂﬂﬂizﬁ:uﬂﬁ
auvesgadualuled viliiianngdadidududaunfiniuun (Castanedo-Cazares
et al.,, 2013)

Y a

Tagtumssnwinnesnusanuduiaun® aunsavilavaieds dasyatuluinisan

°o v & A

nsvuvasasatuled 1saidndsduardudiuiu wazdestunisnauidugn (aun

351, 2564) Tasluszaziiarluddiuiuun Alawniduawes Sudunddnuazaniunlaluy

3 y
2ndnslumssnwsossieing 4 wWu seedn f nsziu nsvan nszuan gy (naun 35w,
2565)

nusedifunuidedmeasimnendin wsdnudduansine $redheuazdnen
lnsidenlynissnuiwuuduluusazdne wazUnUadeyadUsziliunanel Wisuimeuiunis
fﬂ‘t}’lmuvﬂqm (Experimental, Prospective, Randomized, Evaluator-blind, Comparative,
Split-axilla clinical trial) ¥1n153 98 Tuenaadns 20 Aw Au15un1ssnevilsane1uia

WTIneapuivae nsmnamuAs lasamsidetidionanadasnmun 20 au liiifeanain

v (%
[

N135398 1aalAsIN15ITeULNISUANUIBTINUA 4 AST LaLA WANUIELNaYIINITSNEILaL

ARRNLNG 3 ASY wartpINgaRnnINaVaIEUaAN1TTIY 1 ASY SauTzevIa1nlluns

Y%
av v a Y a

FRENIEY 12 dUam onanadasnAudan wduiaunfusndnusnaestng Insudagdned
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ANNgULssndsiy wavdnnuwnndiadoSeuiieuserinaestne liu 1 vdeiaves
VLS Tagunndl3duagyinisduaen lngldinalianisquidenagiadng (Simple Random
%d (%

Sampling) lneA8duaann Tinueaadnsusazste Ineadulaniugiesnwinieg 532-nm

a

Picosecond laser #1u9731985n¥1928 1064-nm Picosecond laseri%ﬁLLWMﬁﬁiﬂiszu
uansinwluudazeddlinsuiiidasnuieisivu orgeisvesenaalinslunisided
Wiy 38.7 = 6.5 T Tagenanadasiongtosniwiniu 30 Uifsmun 3 au (Gevaz 15) wae
p1anadasiiengunnni 30 Sikavn 17 au (Fevas 85) Aduiiinanisvesenanasinsiamun
fenadowifu 21.7 + 3.1 Alandw/iuns2 lusuaueanainsiaun 20 au lsausesnsn
U 3 AU (Sevay 15) ualddunusiunnigsnusdiduinung lufilasiuseiRnisunen
wazUsyIRnN1sSnwInMESNWSER WINRAUNRUNABUNLN

Uszifiulssansuanssnunnesnudaiudufinung lneldrnadonan@esmnudy
df191nn15UsELuAa8 Von Luschan’s chromatic scale (VLS) 210 1na8fanea wuan
nauTilesumssnudng 1064 wluwns WBud win MlawniAuawes aunsnanAdsal
uweadiuinasnuslinnninguilssumssnue 532 uluues Inunades innda
Woas Mlawnifuiawes iszezian ¢ uaz 12 dUanii egalifedfvneads (o = 0.011
way 0.005 MINETIRNU)

Useiur 1108 s30aanaduvendngd (Mean melanin index) Tneasaeias o
Mexameter® MX18 715851781 Aaunssne, 4, 8 wag 12 &Uas nuan ﬁ’jﬂﬂdmﬁ%’ﬂmﬁw
532 war 1064 ulwuas Alawnduiawes daedsanudureiag (Mean melanin

o w

. M 2 (% Ao ¢ J ra ! 1 a o
index) aAa308 9 MAINIIININFUAIMA 4, 8 uay 12 uakidanuwansinedelidedAgy
N9EdRTENINNGY (p = 0.279, 0.375 uaz 0.265 AMud9U) UanINi A1 Mean Difference
AuduvenladuinasnusanuduiaUndluisaosngy Tuuiliuiudunuszeziainig
a 1 1 Y @ 1 ¢ o a a a a
Ann1una LAl p < 0.05 Tunniiaial wansliviudtawesisaswilniiussansanly

& oA |
ﬂ’]ﬁa@LiJ@ﬁL@J@L'Ja']N’]uVLTJ

L% L L%

5.2 NUNIUITSUNTTUUSIUNBUNAIIUI8UNUIIUI YU

INAITNUNIUITIUNTTUNN IV NUTINIESNUTARUTURAUNR Tainevanu
31nNNsynuvesgaduatuledNiiuunTuntendainisenay danalitinnisasaueas

wanfiulugunidsimduasvidauwd sauiunalnves Inflammatory mediators &afidaunsssu
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nszurumsadradadiwarduldid udu waz1lug n19e Hyperpigmentation 133
Castanedo-Cazares et al., 2013)

WIMIMS3nEINEsInanivaInransds wislunumeilasuanudeuinguly
gt Aemsldiaiwes TnsianznguilawniAuaiees (Picosecond laser) Faldpondanu
Tugsiilaiund e1denannis Selective photothermolysis tag Photoacoustic effect ddua
Tannsavnanewindldosnasinie Indllazaunnudeuluidedotafss uavanaudes
YOIaT19AYY (Vachiramon et al., 2022b; $38u1 2dvAnALAY, 2561)

91AN15AN®IVBY Vachiramon et al. (2022b) 571819 Silvestri et al. (2021) wans
T sUssans nmwesiilawniiuiaises wolugaemay 532 way 1064 unluwns lunns
$Awn1E hyperpigmentation USLIMRINS Im&awwﬂwgﬁﬁﬁ“wﬁu WuInawesfiday
g11pAu 1064 uluwnsaunsaasdnuazlinadnsiivasnduunnia

VULLABINUNITANYIVDS Robredo (2020) 521619 Amornpetkul et al. (2021)
51897UNaN151Y Q-switched Nd:YAG laser ANEIAAY 1064 ulwuns lunissnwnnie
SnusaRuREaUNR Taenua1AIAuYesdR (VLS) anasesdtdAty wazludisieau
HATALALATULTS

[ K

wiaglivangiuatuauyulssaninmeedawesiunguiliiuiusg1edowiios urdad

<9

[

TN UAIUTINIUELIITINITeTN TRy T88EIaINTAANINNGY kaEn1TANYIUTEULTEY

lngnsasgningiilaniAulalgesnAueInay 532 uar 1064 uiluwnsdidegaeediin

Toeannzluusnusnusgedodunuigauisy wazgenagnuestalunsAnyineumni
av A& awv A v oo = P a | PP a ¢

NI T UNUITEs N NP INN1TANELUS ULRBUTENININST IR LAY NLALLALY DS
ANNUYIIAAY 532 UNTULUAS WaY 1064 UNTULLASIUNISS NN RS ARATURAUNG
Tnglawesytinill pulse duration Nduniales Q-switched Fslaluawidunaunin vinlw
Wnksanszwnnsaid e lawiuginin dnadnafestseas waranmNUdedlun1sinANL
1% A A v a
SouaraumoLlaLgpU19Ae

dwsunwided wud ngunlasunisSnwsmeiilawnifuawesvin 1064 wiluuns

o a

fAnaduanuduvesdinuinusnuianawinninguilasunsinwsieiilanifuages

s a

¥iln 532 wilues drudnafsvesanuduresdadnuinlinadnsnalunisaeingulng

Tdunnenei waglinunatiufsangunsmsennsannssnulunsasangy
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5.3 9ALAULAzdaINAVDIUIY

5.3.1 ALAUYDNUTY
5.3.1.1 gUuuumMAITeduuuy split-side uaz blinded assessor 3st18anonf
Tumsuseiliuwadng Tnelvioraadasldsunissnuiaestnadeiamesfidanueniaiy
miluyanapieniu JanansaiuTeuiisunaanslaagiauiugn
5.3.1.2 Wunuisuddudu q fSeudfisussninilawnfuawesainuen
Adu 532 uay 1064 uluiums lnenss lumssnvianesnusdiaduiaund Jedeiidoyaide
A1in
5.3.1.3 fnsUssdunalunansdd Heussdiuaanuiduresdi Aemuduves
dind nadhafies wazauiianelavesenanadias vinliaunsaasunalaegasousiu
5.3.1.4 a3 esiletaumsgiuuazmsuszifiunaanunneidervng dady
windlsiifeadesiuamade Jafinauiidofovomadns
5.3.2 493111AY8991U3JY
5.3.2.1 sveganisfeniunadu vliliaunsnUssiuniseseguemadnduie
nsnduiiugvessesTsaluszarenld

5.3.2.2 onaddnsnavesdaduneueniiliaiunsaniuauls wu n1sdendann

¥
=] 4 a =) 4

@RI 9EUNALNIEUBN vﬁaLLmﬂizﬁ'ﬂmﬂ%’mﬁmﬁmsﬁ@LLaﬁasuaqmmaﬁm F99190NAND

9 Y

YILANTNINUBINITINE

[

5.3.2.3 IMaanvnguenaalinsiiil Fitzpatrick skin type IV 3s019laia1unse

lUuszgnaldivinianigeunimsetuniniiliegensounqy
v
5.4 UBLeuUdLLUL

5.4.1 asAnwlungueiegenianuvainvalsveslszyins lnsanizlundves

v o

a =~ v = 1 Yo v S o
FEAUTANT LWaiﬁmaﬂ'ﬁﬂﬂiﬁflaqﬂq'ﬁﬂﬂigﬂﬁmimﬂﬂUU'ﬁSSU'Iﬂ{LU']\‘m']'N UDNITMNUYIAIT

a

v oA o sAaa a o v I aa a Y] d' v a
ANLABNBIANENASNUANIVUILIUIALILYUNINANIUNA DY I1ITALIU LW@IM&ﬁMiﬂUizL&Ju

UszAnSnmean1ssnunlaogauiugn gy
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5.4.2 ASMALTIUIUATIIUNITT NN B LAAIUITOAUNNANULANFAIVDINAD NG Lo
YALAUTITY LATAITVLIYTLELIARANNUNALUTZEZE UL UUSEANSAINUBINITTNEN

agsallies suddnsnsnauidudivesseslsalasgdpaunazasounguuniu
v o/
5.5 U2aUI1UIe

FlawniAuawessinanuenaay 1064 uiluwnes awnsadunldidudnnaden
wilslunmssnennzsnusanuduinunflded1aiussdnsam Tnenuitaunsaanainudy
yausindusnnsnuslamninflawnduawedvdnnnueninay 532 uiluwas 19990073
Uzl w8 Von Luschan’s chromatic scale (VLS) 21nA1Ma18A3nea Lagainn1sinal
Mean melanin index U3naseslsa yonainddmuiuuiliuanuduuinuseslsnanas
sthwsaiflondeszoznawiull wasszauanuiianelaveseaiadasfiguamii 12 Tuszsu
wnvdosndian (Axuuu 4-5) 089 65% Bntanadrafesding Difoadndos Taizuuse WWun

JEUAY FREAN WarsYNvusniay Tnganistiamesinaddes o Avudlanamiuly
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October 13, 2022

Candela Corporation

Danielle Gibboney

Sr. Regulatory Affairs Specialist
251 Locke Drive

Marlborough, Massachusetts 01752

Re: K220853
Trade/Device Name: PicoWay Laser System
Regulation Number: 21 CFR 878.4810
Regulation Name: Laser Surgical Instrument For Use In General And Plastic Surgery And In
Dermatology
Regulatory Class: Class II
Product Code: GEX
Dated: September 8, 2022
Received: September 8, 2022

Dear Danielle Gibboney:

We have reviewed your Section 510(k) premarket notification of intent to market the device referenced
above and have determined the device is substantially equivalent (for the indications for use stated in the
enclosure) to legally marketed predicate devices marketed in interstate commerce prior to May 28, 1976, the
enactment date of the Medical Device Amendments, or to devices that have been reclassified in accordance
with the provisions of the Federal Food, Drug, and Cosmetic Act (Act) that do not require approval of a
premarket approval application (PMA). You may, therefore, market the device, subject to the general
controls provisions of the Act. Although this letter refers to your product as a device, please be aware that
some cleared products may instead be combination products. The 510(k) Premarket Notification Database
located at https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpmn/pmn.cfm identifies combination
product submissions. The general controls provisions of the Act include requirements for annual registration,
listing of devices, good manufacturing practice, labeling, and prohibitions against misbranding and
adulteration. Please note: CDRH does not evaluate information related to contract liability warranties. We
remind you, however, that device labeling must be truthful and not misleading.

If your device is classified (see above) into either class II (Special Controls) or class III (PMA), it may be
subject to additional controls. Existing major regulations affecting your device can be found in the Code of
Federal Regulations, Title 21, Parts 800 to 898. In addition, FDA may publish further announcements
concerning your device in the Federal Register.

Please be advised that FDA's issuance of a substantial equivalence determination does not mean that FDA
has made a determination that your device complies with other requirements of the Act or any Federal

U.S. Food & Drug Administration
10903 New Hampshire Avenue
Silver Spring, MD 20993
www.fda.gov
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K220853 - Danielle Gibboney Page 2

statutes and regulations administered by other Federal agencies. You must comply with all the Act's
requirements, including, but not limited to: registration and listing (21 CFR Part 807); labeling (21 CFR Part
801); medical device reporting (reporting of medical device-related adverse events) (21 CFR 803) for
devices or postmarketing safety reporting (21 CFR 4, Subpart B) for combination products (see
https://www.fda.gov/combination-products/guidance-regulatory-information/postmarketing-safety-reporting-
combination-products); good manufacturing practice requirements as set forth in the quality systems (QS)
regulation (21 CFR Part 820) for devices or current good manufacturing practices (21 CFR 4, Subpart A) for
combination products; and, if applicable, the electronic product radiation control provisions (Sections 531-
542 of the Act); 21 CFR 1000-1050.

Also, please note the regulation entitled, "Misbranding by reference to premarket notification" (21 CFR Part
807.97). For questions regarding the reporting of adverse events under the MDR regulation (21 CFR Part
803), please go to https://www.fda.gov/medical-devices/medical-device-safety/medical-device-reporting-
mdr-how-report-medical-device-problems.

For comprehensive regulatory information about medical devices and radiation-emitting products, including
information about labeling regulations, please see Device Advice (https:/www.fda.gov/medical-
devices/device-advice-comprehensive-regulatory-assistance) and CDRH Learn
(https://www.fda.gov/training-and-continuing-education/cdrh-learn). Additionally, you may contact the
Division of Industry and Consumer Education (DICE) to ask a question about a specific regulatory topic. See
the DICE website (https://www.fda.gov/medical-devices/device-advice-comprehensive-regulatory-
assistance/contact-us-division-industry-and-consumer-education-dice) for more information or contact DICE
by email (DICE@fda.hhs.gov) or phone (1-800-638-2041 or 301-796-7100).

Sincerely,
Jianting Wang -5

Jianting Wang
Acting Assistant Director
DHT4A: Division of General Surgery Devices
OHT4: Office of Surgical

and Infection Control Devices
Office of Product Evaluation and Quality
Center for Devices and Radiological Health

Enclosure
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DEPARTMENT OF HEALTH AND HUMAN SERVICES Form Approved: OMB No. 0910-0120

Food and Drug Administration Expiration Date: 06/30/2023
Indications for Use See PRA Statement below.
510(k) Number (if known)
K220853
Device Name
PicoWay Laser System

Indications for Use (Describe)

The PicoWay laser system is indicated for the following at the specified wavelength:

* 532 nm: Removal of tattoos for Fitzpatrick Skin Types I-III to treat the following tattoo colors: red, yellow and orange.
* 730 nm: Removal of tattoos for Fitzpatrick Skin Types II-IV to treat the following tattoo colors: green and blue.

* 785 nm: Removal of tattoos for Fitzpatrick Skin Types II-IV to treat the following tattoo colors: green and blue.

* 1064 nm: Removal of tattoos for all Fitzpatrick Skin Types to treat the following tattoo colors: black, brown, green, blue
and purple.

The PicoWay laser system is also indicated for benign pigmented lesions removal for Fitzpatrick Skin Types I-IV.

The Resolve handpiece (1064 nm) is also indicated for the treatment of acne scars in Fitzpatrick Skin Types II-V and for
treatment of Melasma for Fitzpatrick Skin Types I-IV,

The Resolve handpieces (532 nm HE, 532 nm, and 1064 nm) are also indicated for the treatment of wrinkles in Fitzpatrick
Skin Types I-IV.

The Resolve Fusion handpiece (532 nm) is indicated for benign pigmented lesions removal for Fitzpatrick Skin Types I-
Iv.

The PicoWay laser system is indicated for the following at the specified wavelengths:

532 nm:

» Treatment of Melasma for Fitzpatrick Skin Types I-IV.

» Treatment of café au lait macules (CALM:s) for Fitzpatrick Skin Types I-IV.

» Treatment of Lentigines for Fitzpatrick Skin Types I-IV.

730 nm:

» Treatment of Lentigines for Fitzpatrick Skin Types I-IV.

1064 nm:

» Treatment of Melasma for Fitzpatrick Skin Types I-IV.

» Treatment of Nevus of Ota for Fitzpatrick Skin Types III-IV.

Type of Use (Select one or both, as applicable)
X Prescription Use (Part 21 CFR 801 Subpart D) ["] Over-The-Counter Use (21 CFR 801 Subpart C)

CONTINUE ON A SEPARATE PAGE IF NEEDED.

This section applies only to requirements of the Paperwork Reduction Act of 1995.
*DO NOT SEND YOUR COMPLETED FORM TO THE PRA STAFF EMAIL ADDRESS BELOW.*

The burden time for this collection of information is estimated to average 79 hours per response, including the
time to review instructions, search existing data sources, gather and maintain the data needed and complete
and review the collection of information. Send comments regarding this burden estimate or any other aspect
of this information collection, including suggestions for reducing this burden, to:

Department of Health and Human Services
Food and Drug Administration

Office of Chief Information Officer
Paperwork Reduction Act (PRA) Staff
PRASIaff@fda.hhs.gov

“An agency may not conduct or sponsor, and a person is not required to respond to, a collection of
information unless it displays a currently valid OMB number.”

FORM FDA 3881 (51'20) Page 10of1 PSC Publishing Services (301) 4436740 EF



¢ CANDELA

Science. Results. Trust

510(k) SUMMARY K220853
Picoway Laser System

This summary of 510(k) submitted in accordance with the requirements of 21 CFR
807.92.

1. DATE PREPARED
OCTOBER 12, 2022

2. APPLICANT NAME
Candela Corporation
251 Locke Drive
Marlborough MA 01752
USA

3. OFFICIAL CORRESPONDENT
Danielle Gibboney
Sr. Regulatory Affairs Specialist
Candela Corporation
251 Locke Drive
Marlborough MA 01752 USA
Phone: 617-904-3820
Email: danielleg@candelamedical.com

4. PRODUCT INFORMATION
Name of Device: Picoway Laser System
Common/Usual Name: Powered Laser Surgical Instrument

Classification Name: Laser surgical instrument for use in general and plastic
surgery and in dermatology (per 21 CFR Part 878.4810)

Device Classification: Class Il (per 21 CFR Part 878.4810)

Product Code: GEX

Page 1 of 11
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5. LEGALLY MARKETED PREDICATE DEVICE FOR CLAIMED EQUIVALENCE:

Predicate Device: Picoway Laser System (K191685)

6. DEVICE DESCRIPTION:

The PicoWay Laser System is a solid-state laser capable of delivering energy at
wavelengths of 1064 nm, 532 nm, 785nm, or 730 nm, at extremely short duration in the
range of 240-500 (ps). The laser system contains one 755 nm (Alexandrite) laser head
which is used to ‘pump’ (create) the 1064 / 532nm wavelengths. The outputs of the two
lasers are optically combined on the laser rail so that their beam paths are identical as
they exit the laser system. This allows the use of a single delivery system which can
output either the 532nm or 1064nm wavelengths. The 532nm or 1064nm output energy
is delivered to the skin through an Articulated Arm and Zoom Handpiece (HP) delivery
system. There are also 3 hand pieces (Resolve), one for 1064nm and two for 532nm
(low energy and high energy), which deliver a 10 x 10 array of focused spots to the skin
and 1 Axicon hand piece (Resolve Fusion) for 532nm, which delivers a 10 x 10 array of
focused and ring spots to the skin. The following handpieces are cleared to be used
with Picoway Laser System
Zoom Handpieces:
e 532 nm
o 1064 nm
Handpieces:
e 730 nm
e 785nm

Resolve Handpieces:
e 532nm
e 532 nmHE
e 1064 nm
Resolve Fusion Handpieces:
e 532nm
o 1064 nm

7. INTENDED USE AND INDICATIONS FOR USE:

The PicoWay laser system is indicated for the following at the specified wavelength:

¢ 532 nm: Removal of tattoos for Fitzpatrick Skin Types I-ll to treat the following tattoo
colors: red, yellow and orange.

¢ 730 nm: Removal of tattoos for Fitzpatrick Skin Types -1V to treat the following
tattoo colors: green and blue.

¢ 785 nm: Removal of tattoos for Fitzpatrick Skin Types II-IV to treat the following
tattoo colors: green and blue.

¢ 1064 nm: Removal of tattoos for all Fitzpatrick Skin Types to treat the following tattoo
colors: black, brown, green, blue and purple.

Page 2 of 11
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The PicoWay laser system is also indicated for benign pigmented lesions removal for
Fitzpatrick Skin Types I-IV.

The Resolve handpiece (1064 nm) is also indicated for the treatment of acne scars in
Fitzpatrick Skin Types lI-V and for treatment of Melasma for Fitzpatrick Skin Types I-IV.

The Resolve handpieces (532 nm HE, 532 nm, and 1064 nm) are also indicated for the
treatment of wrinkles in Fitzpatrick Skin Types I-IV.

The Resolve Fusion handpiece (532 nm) is indicated for benign pigmented lesions removal
for Fitzpatrick Skin Types I-IV.

The PicoWay laser system is indicated for the following at the specified wavelengths:

532 nm:
o Treatment of Melasma for Fitzpatrick Skin Types I-IV.

o Treatment of café au lait macules (CALMs) for Fitzpatrick Skin Types I-IV.
o Treatment of Lentigines for Fitzpatrick Skin Types I-IV.

730 nm:
o Treatment of Lentigines for Fitzpatrick Skin Types I-IV.

1064 nm:
o Treatment of Melasma for Fitzpatrick Skin Types I-IV.

o Treatment of Nevus of Ota for Fitzpatrick Skin Types llI-IV.

8. TECHNOLOGICAL COMPARISON:

The subject device Picoway Laser System is substantially equivalent and identical
in the design, function, and intended use to the Picoway Laser System (K191685).
The difference between the subject Picoway Laser System and its predicate is the
additional indications for benign pigmented lesions including but not limited to:
Nevus of Ota, café au lait macules (CALMs), melasma, and lentigines that this
Premarket Notification is proposing. The expanded indications between the
subject device and its predicate does not raise any new concerns of safety or
effectiveness of the device. Thus, based on the information presented in this
Premarket Notification, Picoway Laser System is substantially equivalent to its
predicate Picoway Laser System (K191685). Please refer to specification
comparison tables in Table 1 and Table 2 for comparisons between intended
use/indications for use, and technological & biological characteristic comparison
below.

Page 3 of 11



Table 1: Intended/Indication

for use comparison table.

Name of Device:

Picoway Laser System

510(k) Proposed Predicate
Product Code K220853 K191685
Device Class GEX GEX
Class Il 1l

Picoway Laser System

Intended use /
Indications:

The PicoWay laser system is indicated for the following at the
specified wavelength:

e 532 nm: Removal of tattoos for Fitzpatrick Skin Types |-
Il to treat the following tattoo colors: red, yellow and
orange.

e 730 nm: Removal of tattoos for Fitzpatrick Skin Types IlI-
IV to treat the following tattoo colors: green and blue.

e 785 nm: Removal of tattoos for Fitzpatrick Skin Types II-
IV to treat the following tattoo colors: green and blue.

* 1064 nm: Removal of tattoos for all Fitzpatrick Skin Types
to treat the following tattoo colors: black, brown, green,
blue and purple.

The PicoWay laser system is also indicated for benign
pigmented lesions removal for Fitzpatrick Skin Types I-IV.

'The Resolve handpiece (1064 nm) is also indicated for the
treatment of acne scars in Fitzpatrick Skin Types II-V and for
kreatment of Melasma for Fitzpatrick Skin Types I-IV.

'The Resolve handpieces (532 nm HE, 532 nm, and 1064 nm)
are also indicated for the treatment of wrinkles in Fitzpatrick
Skin Types I-IV.

The Resolve Fusion handpiece (532 nm) is indicated for
benign pigmented lesions removal for Fitzpatrick Skin Types
I-1V.

The PicoWay laser system with Zoom Handpieces is

ijndicated for the following at the specified wavelengths:

The PicoWay laser system is indicated for the following at the specified
wavelength:

532 nm: Removal of tattoos for Fitzpatrick skin types I-Ill to treat the
following tattoo colors:
red, yellow and orange.

730 nm: Removal of tattoos for Fitzpatrick skin types II-IV to treat the
following tattoo colors:
green and blue.

785 nm: Removal of tattoos for Fitzpatrick skin types II-1V to treat the
following tattoo colors:
green and blue.

1064 nm: Removal of tattoos for all skin types (Fitzpatrick I-VI) to treat
the following tattoo
colors: black, brown, green, blue and purple.

IThe PicoWay laser system is also indicated for benign pigmented
lesions removal for Fitzpatrick Skin Types I-IV.

The Resolve handpiece (1064 nm) is also indicated for the treatment
of acne scars in Fitzpatrick Skin Types II-V.

'The Resolve handpieces (532 nm HE, 532 nm, 1064 nm) are also
indicated for treatment of wrinkles in Fitzpatrick Skin Types I-IV.

The Resolve Fusion handpiece (1064 nm) is indicated for the
treatment of wrinkles as well as benign pigmented lesions in Fitzpatrick
Skin Types I-IV.

The Resolve Fusion handpiece (532 nm) is indicated for the treatment
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532 nm:

730 nm:

1064 nm:
(o}

o]

Treatment of Melasma for Fitzpatrick Skin
Types I-IV.

Treatment of café au lait macules (CALMs) for
Fitzpatrick Skin Types I-IV.

Treatment of Lentigines for Fitzpatrick Skin
Types I-IV.

Treatment of Lentigines for Fitzpatrick Skin
Types I-IV.

Treatment of Melasma for Fitzpatrick Skin
Types I-IV.

Treatment of Nevus of Ota for Fitzpatrick Skin
Types lll-IV.

of benign pigmented lesions in Fitzpatrick Skin Types I-IV.

[Similarities/Difference:

SLIdentical to Predicate device, but with expanded
indications identified in BOLD.

Identical to the subject device, but without the expanded
indications.
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Table 2: Technological & Biological specification comparison

General Picoway Laser System Picoway Laser System
Specifications Subject Device Predicate
Not Assigned K191685
IDENTICAL | IDENTICAL | IDENTICAL | IDENTICAL IDENTICAL | IDENTICAL | IDENTICAL | IDENTICAL
Wavelength
532 nm 730 nm 785 nm 1064 nm 532 nm 730 nm 785 nm 1064 nm
IDENTICAL | IDENTICAL | IDENTICAL | IDENTICAL IDENTICAL | IDENTICAL | IDENTICAL | IDENTICAL
Resolve: & Handpiece: Handpiece: Resolve & Resolve Fusion: Resolve: & | Zoom: Zoom: Resolve & Resolve Fusion:
Resolve Titanium Titanium Nd: Yag Frequency Resolve Titanium Titanium Nd: Yag Frequency
Fusion Sapphire Sapphire Fusion Sapphire Sapphire
Laser Type Double Nd: Zoom: Titanium Sapphire Double Nd: Zoom: Titanium Sapphire
Yag Yag
Zoom:
Titanium
Sapphire
Repetition Rate IDENTICAL IDENTICAL
(Hz) Single 1,2,2,4,5,6,7,8,9, 10 Hz Single 1,2,2,4,5,6,7,8,9, 10 Hz

Fluence Ranges

IDENTICAL

Zoom Handpiece:

2 mm: 1-00-6.25 J/cm?
3 mm: 0.040-2.80 J/cm?
4 mm: 0.30-1.60 J/icm?
5 mm: 0.20-1.00 J/cm2
6 mm: 0.20-0.72 J/cm2
7 mm: 0.26-0.52 J/cm2
8 mm: 0.20- 0.40 J/cm2

IDENTICAL

Zoom Handpiece:

2 mm: 1-00-6.25 J/cm?
3 mm: 0.040-2.80 J/cm?
4 mm: 0.30-1.60 J/cm?
5 mm: 0.20-1.00 J/cm2
6 mm: 0.20-0.72 J/icm2
7 mm: 0.26-0.52 J/cm?2
8 mm: 0.20- 0.40 J/cm2

Page 6 of 11

96



General

Picoway Laser System

Picoway Laser System

Specifications Subject Device Predicate
Not Assign K191685
9 mm: 0.16-0.32 J/cm2 9 mm: 0.16-0.32 J/icm2
10 mm: 0.13-0.25 J/cm2 10 mm: 0.13-0.25 J/cm2
Resolve High Energy Handpiece: Resolve High Energy Handpiece:
0.20-1.50 mJ/pbeam 0.20-1.50 mJ/uybeam
Resolve Low Energy Handpiece: Resolve Low Energy Handpiece:
0.16-0.30 mJ/pbeam 0.16-0.30 mJ/pubeam
Resolve Fusion Handpiece: Resolve Fusion Handpiece:
0.20-0.70 0.20-0.70
IDENTICAL IDENTICAL
Pulse Duration
240-500 picosecond 240-500 picosecond
IDENTICAL IDENTICAL
Zoom: Zoom:
2 to 10 in increments of Tmm 2 to 10 in increments of Tmm
Spot Size (mm) Resolve: Resolve:
6 mm x 6 mm array in 10 x 10 matrix 6 mm x 6 mm array in 10 x 10 matrix
Resolve Fusion: Resolve Fusion:
6 mm x 6 mm array in 10 x 10 matrix 6 mm x 6 mm array in 10 x 10 matrix
BIOLOGICAL CHARACTERISTICS
Patient IDENTICAL IDENTICAL
Contacting
Material Aluminum Aluminum
SYSTEMS
IDENTICAL IDENTICAL

Delivery system

Articulated arm with dedicate handpiece

User Interface

Articulated arm with dedicate handpiece

IDENTICAL
Touchscreen with GUI

IDENTICAL

Touchscreen with GUI

Electrical Power

IDENTICAL

IDENTICAL
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General Picoway Laser System Picoway Laser System
Specifications Subject Device Predicate
Not Assign: K191685
200-240 VAC, 50/60 HZ, 4600 VA single
200-240 VAC, 50/60 HZ, 4600 VA single
Physical IDENTICAL IDENTICAL
Dimensions
/Weight (Console) | 275 Ib (125 kg) 275 Ib (125 kg)
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9. PERFORMANCE DATA:

Performance Testing: Bench:

The performance testing of the subject PicoWay Laser System is based on the
established testing previous cleared under PicoWay Laster System predicate
(K191685). There are no changes in the design therefore the subject Picoway
Laser System is based on the established performance testing of the device’s
predicate.

Performance Testing-Clinical

A systematic literature search, using PubMed, Embase and Cochrane databases,
was conducted to identify peer-reviewed articles published during January 1, 2015
to May 31, 2022 in which the PicoWay Laser System was used to treat benign
pigmented lesions, with any of the PicoWay Laser Handpieces at 532 nm, 730 nm,
785 nm, and 1064 nm wavelengths. A combination of MeSH terms and free-text
searches for the device (picoway laser, picosecond laser) and for pigmented
lesions and specific benign pigmented lesions nevus of Ota, CALM (macules)
and/or melasma, were included in the search criteria. A supplemental search in
ClinicalTrials.gov was performed using similar search terms to identify clinical trials
with results relevant to the clinical safety and performance of the Picoway Laser
System. The Literature Search methodology and findings are described in detail
within the Clinical Literature Summary below.

Nine articles were identified that reported on randomized controlled, or
prospective, open label, evaluator-blinded clinical trials or retrospective evaluator-
blinded studies that treated at least 10 individuals in each study using the PicoWay
Laser System. The studies were conducted in the USA, the UK, Asia (Thailand,
China) and the Middle East (Israel) and included a total of 262 subjects (228
females, 34 males; Fitzpatrick Skin Type (FST) I-V) treated for benign pigmented
lesions, including nevus of Ota (n=20), café au lait macules (n=32), melasma
(n=70) and lentigines (n=140), using the PicoWay Laser System. Melasma was
treated with the PicoWway Zoom handpieces (532 nm and/or 1064 nm) and the
PicoWay Resolve 1064 nm handpiece alone or combined with 12 weeks of daily
application of 4% hydroquinone cream. CALMs were treated with the Zoom 532
nm handpiece; nevus of Ota was treated using the PicoWay Zoom 1064 nm
handpiece, and lentigines were treated with the PicoWway 730 nm handpiece and
the Zoom 532 nm handpiece. The articles are identified in table 3 below.

Table 3. Identification of Clinical Articles in PicoWay literature search analysis

Article Title Indication e e x|
andpiece (s)
1 Wong CSM, Chan MWM, Shek SYN, Yeung [Melasma Melasma: (Resolve
ICK & Chan HHL. Fractional 1064 nm 1064 nm laser)
picosecond laser in treatment of melasma
land skin rejuvenation in Asians, a
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Article Title Indication Fieaillay La s
Handpiece (s)
prospective study. Lasers Surg Med
2021;53(8):1032-1042.
Kung KY, Shek SYN, Yeung CK, & Chan Melasma; Melasma: (Zoom 1064
HHL. Evaluation of the safety and efficacy of [CALMs nm laser)

the dual wavelength picosecond laser for the
treatment of benign pigmented lesions in
IAsians. Lasers Surg Med 2019;51(1):14-22.

ICALM: (Zoom 532 nm
laser)

la fractional picosecond 1,064 nm laser for the
treatment of dermal and mixed type
melasma. J Cosmet Laser Ther. 2018
Jun;20(3):134-139.

“article included treatement 4% hydroquinone

IChalermchai T, Rummaneethorn P. Effects ofMelasma

Melasma: (Resolve
1064 nm laser)

Mehrabi JN, Friedman O, Al-Niaimi F & Artzi,
0. Retrospective photographic review of
nontattoo indications treated by picosecond
laser. J Cosmet Dermatol 2020;
Mar;19(3):612-621.

Melasma;
CALMSs;
Nevus of Ota

Melasma: (Resolve
1064 nm laser and
IZoom 1064 nm or 532
nm lasers)

CALM: (Zoom 532 nm
laser)

Nevus of Ota: (Zoom
1064 nm laser)

Lentigines:

(Zoom 532 nm laser)

IYang H, Guo L, Jia G, Gong X, Wu Q, Zeng
R, Zhang M, Ding H, Fang F, Zheng H, Liu X,
Ge Y, Yang Y, Lin T. Treatment of nevus of
Ota with 1064 nm picosecond Nd:YAG laser:
A retrospective study. Dermatol Ther 2021,
Nov;34(6):e15152.

Nevus of Ota

INevus of Ota: (Zoom
1064 nm laser)

IArtzi O, Mehrabi JN, Koren A, Niv R,
Lapidoth M, Levi A. Picosecond 532-nm
neodymium-doped yttrium aluminium garnet
aser-a novel and promising modality for the
treatment of café-au-lait macules. Lasers
Med Sci 2018 May;33(4):693-697.

CALMs

CALM: (Zoom 532 nm
laser)

Kauvar ANB, Sun R, Bhawan J, Singh G,
Ugonabo N, Feng H, Schomacker K.
[Treatment of facial and non-facial lentigines
with a 730 nm picosecond titanium: Sapphire
laser is safe and effective. Lasers Surg Med.
2022 Jan;54(1):89-97.

Lentigines

Lentigines (730 nm
laser)
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Article

Title

Indication

PicoWay Laser
Handpiece (s)

achiramon V, Namasondhi A, Anuntrangsee|
IT, Jurairattanaporn N. Randomized,
evaluator-blinded comparative study of a
potassium titanyl phosphate (KTP) 532-nm
picosecond laser and an alexandrite 755-nm
picosecond laser for the treatment of solar
lentigines in Asians. J Cosmet Dermatol.
2022 Feb 7.

Lentigines

Lentigines (Zoom 532
nm laser)

achiramon V, lamsumang W, Triyangkulsri
K. Q-switched double frequency Nd:YAG
I532-nm nanosecond laser vs. double
frequency Nd:YAG 532-nm picosecond laser
for the treatment of solar lentigines in Asians.

Lentigines

Lasers Med Sci. 2018 Dec;33(9):1941-1947.

Lentigines (Zoom 532
nm laser)

Additionally, Candela identified an investigator-initiated prospective, open-label clinical study that
had been conducted by Principal Investigator Eric F. Bernstein, M.D. of Main Line Center Surgery
for Laser Surgery in Ardmore, PA. In this study, treatment of melasma with the PicoWay® device
using the 1064nm Resolve handpiece resulted in statistically significant improvement (p<0.05) in
mean mMASI scores at 3-month and 8-month follow-up visits in comparison to baseline. Majority
of the subjects (270 %) demonstrated improvement in the appearance of melasma at both follow-
up visits. Investigator and Subject satisfaction ratings with treatment outcome were remarkably
high (> 85%). Treatments were well tolerated, and there were no device-related adverse events.

10. SUBSTANTIAL EQUIVALENCE COMPARISON

When comparing the subject Picoway Laser System to the predicate device
Picoway Laser System (K191685) the additional indications for use does not
raise any new issues of safety and effectiveness. There are no technological
changes between the subject and predicate device. The Picoway Laser System
is substantially equivalent, in terms of technological characteristics, performance,
and intended use to the predicate device Picoway Laser System (K191685) as
they are identical.
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