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oA Z7}o] W& %A necrosis column width B2l 18] =
70mJeol A epidermis7} $+43] &4 Ao~ - o o oo

70mJol Al epidermis’} HEF Aol - - e e e e e e e

TR 22 HA (B0m]) - s e e e e e e e e e e e
T2 FA WA (30m]) ¢ v e e e e e e e e e e
O3 22 MA (30m]) - s e e e e e e e e e e
TOF4 22 WA (30m]) - - s s e e e e e e
TR 22 WA (B0m]) - s v e e e e e e e e e e e e
IR 22 WA (50m]) - s v e e e e e e e e e e e e
I3 A WA (50m]) ¢ - e e e e e e e e e e e
T4 ZA WA (B0m]) ¢ v e e e e e e e e e e
IR 22 WA (T0m]) - - s e e e e e e e e

© 00 o0 N O O N



<Y 27> aAFE2 ZFF
<Y 28> 153 FA

<Y 29> 84 %A

iv -



2 o

&

=

1550nm Er:Glass # o] A XA Al 24 W
2= 9 X585 24

>
2
5=
il
9
4z
=3
(g

ol A& ol &3 s Ag= ARG FYolA del Lzl Aot #olA
= I met FaEe gl g dYAHoR gidE AT ¢ de FHol
Aol A= okt FuEa 9tk o]F 1550nm Er:Glass #lolA & =% §H F
atrophic acne scar X 2o A Ao=w L4y Yot 2} oA <93 4
Hhg-o g i 2wt 334 24 2
g Q7] wWEel ¥As
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JEE FHol YFHoR AgHE:
W oWu) hsag ogd WE
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=Xl

2 AT E dollyAE ol&3t oA Alw Al FH EAAES N7 S8l
contact cooling@} non-contact air coolingS A3 hybrid 23 W]l ‘Atgfo]o] A
g oo =39 g tisiA HFE Hk ol A5 Al b Fxe 7)o

g 5 9de Aol

A RS Abgholo] AE o] EFY] JmItel] tiefA Ml FA 7] 915k
ex-vivo pig sking ©]&3}°] Control (No cooling), air only, contact only, both
contact and air cooling & 47FAE o]l &g o oA FAF & ¥ FHo - B
At 22 & Aol g W dHEE 2ALE 3 Ao olE f8 47HA 29
Z71 8ol 1550nm Er:Glass #e] A9 oY AE 30m], 50m], 70mJ= A3 Pom z+

AE 21 A9 d3d bl et H&E stain 48 &3 A5&3E £4 90

o
)

i)

A A EE T 1550nm Er:Glass, Tissue necrosis column, contact cooling, air cooling



1.1. 47 vi A

A 9H 3 XZo|A Selective Photothermolysis(A &2 Bdgss)gts o225
ZIWto 7 vkt g e] golAE o] &3 A 857F ALHI A dHelAs gt w
gt e BT Gt Agder s AT ¢ A FHES A2 A9
25 9ol Fuya Jom YxHer FEHE Azt 93 #olA i vy
ol Atk 53] =5 FE F 3l atrophic acne scar X5 A] I F X135
douAE ddate] Ao oz Fopil grddge] A5S F3s87] 98 iAo
% 1550nm Er:Glass #l o] A7} @o] AF&Eth(1® 1).

585 nm (Pulsed dye) 192Lom
694 nm 2940 nm (Er: YAG)

532 nm (KTP) 755 nm 1550 nm)|
10600 nm (CO3)
i m | g \Af/\/\
R W P

Melanin
1000 - \ Oxyhemoglobin

= Deoxyhemoglobin
100 4 i Melanin
H20 — Water
1.0 - i
0. Jr !L yyYy ¥

200 . l i I10[)0 ' ' ' 50l[)l] ) ' ' ' 100]00

400 700 Wavelength (nm)

20000

Relative absorption
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a9 2 golAurde] (s RIZ 2R, debd, Bl w

Ao AHEE #olAE 1550nm Er:Glasse] #E #l8l Zegad go] Aot} o]
ol As T FF=7 vl Eol FH, 3§ =3t X5 Eﬁzxqoi A& 31
dom #HolA o HF zlo]E Eol7] flal oA ME #AGlel &4 H peak
powerE AF-&3tH A URAE F7FA ol whEl pulse durationo] ZAojZt) oju 0]X1
dolyAl= WAl F9E St dF Wi R dEy ] wio] Azl B
o FH, T Ax ZF Fo By &4 Bdd BAgo BAg $ Qo
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oY F BAE WY FAL Fal YA A Uy FYe dwzow Av:

Al
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=
Al 37 W 7F~E o] 83t CSC(Cryogen Spray Cooling), Cold air cooling,
G4 contact cooling ‘S 37}A)7F otk o] = 74 @¥E el WS CSC walow
1Y REE vAHEA 24T = Jde FHol AT Y] rpxe) A AR A=A
T 5?7]'0""1 AFES FAEL o) cold air coolinge H71& Q1 F&8 7| AZ o
£3t7] witel xIE 4t ] ERAlSE Aol oJ# %M, contact cooling w2
TR 54 FAIZE AME Al &0 "ojA= To] qt

71 AFo A= CSC, air cooling, contact cooling 2+zte] #H A el Z8 S =
oAt ot st wyoe Bt T2 2ATA FARE gto] 7} Z5 W
o 2% HWgle] HluE ofgey wWalsle FAd usE 4 Ude WS =E3HA
PiA=s

2 AFolA = 1550nm Er:Glass #l o] A& ©]&3t atrophic acne scar & 7
A cold air cooling® contact cooling®] % -& Z%3F hybrid cooling 2] ¢l ‘A}so

of A8 oo} Ze' Yo wNE FoAstuA ek
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o)A E o] &g doluvA A Al HF xWe] %7t SepvbA s 2 Fz
‘= WAl f8 oo FF 77IE @A ARES ‘ﬂr. 71E = Ao g H
A+ cold air cooling@} ice gel(contact cooling without cold air cooling) &% H
218 vlwsle] 3249 cold air cooling Ao e AE % A 2 1% oo A
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g A= APt FAR dolq A 24 stA FY WA BE
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2. AT %

21. AF AA  HA JFR A=

A gideR QA 9§ x2AI A AR Y ARG
Yucatan® ¢FE] A (Optifarm solution, Korea)E A3 o=z
AMEL BT 55 A ofF 2447 oujel Ao sithe] e}
th Aol AgE = A IR 2A4LE Azke] FFEe} 71-100%° & gite
e G gtk =7 IR MES ZF dolA ZAME A oRE &) 9E 10mm
(712) x 10mm(MZ)2 A AP}, gk =
sl 8 25 FA7] & #HA 9FE AR Pk #olA FAE Environmental
temperaturex= 25C (room temperature) %% 40% (room humidity)®] & d gk 37
A PP =3 IR Wz g mE IR aeS EQsly] 9§ IR s
10mm7HA] 24 #4245 gt
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2.2. oA 2877] AR

2.2.1. ZH" © MOSAIC 3D

5 e el A7

223, ™S 1 A37010.11 (5w : 3)

224. ¥ 7S @ Als 23-988%

2.25. 87k ARE=A  ZIEHEol A ET]. FellUA (ol A)E o83kl Ao A

A, 31, AAS BHog ALEstE 7]V

2.2.2.

i

23. oA FA ZEEZE

Aol A Fetv| e (Laser Parameter)s= @A 1550nm  Er:Glass #o|A& o] &3k
atrophic acne scar X 2o o]&¥ = X5 Fu| g S o] &3] A} [7][8] # o]
A gt EE do]l A 3k (Laser wavelength), ZAF W4 (Scan size), #lo]A H A}
o] Z(Micro beam size), ZAFA|ZHpulse duration), ©| U A (energy)elth. F12] ZH o
el ex-vivod dS FslH, A3t dolA I Eel A Z+ E7 %719 Control
(No cooling), contact only, air only, both contact and air cooling®l] wt&} = =] 3]
AMZol 7 1314 ol AE FAlstal 1o we IF 3W 2EF EATu 4 21
o] wE ZolE EASH7] f8 #olA setrHe Fd 2A0E HA IR
2AbskH,) dlol A HHe Ay dHow FUsth =X et Hol A Alole] A=

sapphire, non-sapphire =5 37mmz FY3A A A s}

# 1 oA kv

) Microbeam Pulse
Wavelength | Scan Size ) ) Energy(m])
size(um) Duration(ms)
314 1.6 30
1550nm 10%10mm 484 2.7 50
513 3.9 70

7 4YEAL AFOE rel ¥ ovheel A Bis siveld] 3w HiES
Agskel 2 1F F 184 4 F 24 ABL A



E2AF A Z2EF
15 Ae =4 o TH Air Cooling | Scan size | Energy(m]) | Shot
1 Control (No cooling) Non Sapphire No 10mm 30/50/70 1
2 Contact only Sapphire No 10mm 30/50/70 1
3 Air only Non Sapphire Yes 10mm 30/50/70 1
4 Both contact and air Sapphire Yes 10mm 30/50/70 1

2.4. 3 ¥

2.4.1. Air Cooling

i L i) I _J | ) \ U .'l. II “-..ll X h
29 5 Zimmer A9 Cryo Mini¢t €143 MOSAIC 3D

ool EF e Al~®l& zimmer AFO] cryo mini 17FAIRF AREStH) FE 272 A9
fZ2E dAolx 1550nm Er:Glass @lo]# & ©]&3F atrophic acne scar X & A] A&
= g 52 dASG dojEFY L cryo miniolAd SGEA ALY dojzAE
guw oo]s A= 1550nmul o] A o] A=y o] AAE o] AR IS A=
g o)A 9} FUs 37mme] .



2.4.2. Contact Cooling

79 232 20%20mm sapphire glass7} &&49 tipS AFE3tH #HolA F3& A
S $J3l sapphire glass YWl AR #® S 3},

a¥ 6 4H AR FZH®Hol o & 20%20mm

sapphire tip

219 7 Contact Cooling



2.4.3. Cooling A3t 3 #o] @& Sapphire Tip ¥4Z4<= &3 &<

Sapphire Tip #We] 22 FejolMe] &%= 23ToIm, 49 Wz =19 Zimmer
Air Cooler?] level 5% A7Asto] W2k e 49 HA 161CE=HA mdsiy =g
7 2EE HA 222 161TAA FAHH |

Al A e A 3ROt o] %
£W 2me) Mk wAsA W
24
23
22
21
20
np EH
2Er0)
17, — 16.1 16.1
16 T6.1
14
0 22 3E ag 5&
COOLING AJZH
a9 8 9 A A Fe] wE Sapphire Tipel Sapphire glass
x4 ==
25 L =3
L% 242 1550nm Er:Glass #o] A7} Sl A3 gwe] A 98 o 2
d3}4 7hvlel FLIR A325 30Hz(Teledyne FLIRAL, ml= 227 d&wh)E o] &3}
=ZAst. 53] 28 W wE JHE 2% WHlel ¥y &4 ALEE 5] ¢35
v EW BES FHOD wAUG ARY Aerel 34 Ay £z L% W04
= -20°C T 120°C lE‘r Ao AEL Abghe] IR frAbek 25CE A7)
7] 918 2%=f% ZH|(SLIDE WARMER A Al &, tgvls Ae)E o]g3i, Ag-2
T 23726CE %X] sk}



a8 10 A A3 Slide Warmer

1% 9 FLIR A325

2.6. 2454 &4

Uk golA FHepuly xSt 7] & 289 2dd W A9 &4 4
L5 Hydugyor 457 A A4S FAgt. 243 £4S T
A FH AZ FTI 9 ablation 914, necrosis oJF T3 Ay el wWIE FEI
o] 9J3all, 1550nm Er:Glass®] @A & 2z A&z wet s Ze] 334 2
EZ AAsta, 2o E HXyH AMZS biopsy punch 8mmE o] -&3le] 53t}
MNE 24 85 T g5 F ol AWFTS AL 2AHALY 2HE R
late]l AFA T IF-2AS olFHoRE A F 10% EFLHs| = 1t
3 10%9] EEgdu sz 143 2o H&E (Hematoxylin—eosin) staing 4] 3}

E 4
9_15
o
o

al
th wpxEto 2 H&E stain® %3
o wZete])S F3 100, 4000 &
& gk,

174 (LEICA DM2500 LED LEICAA}L,

% S
g ¥ 24 Uil ug delduety B

¥ et A



3. 243

3.1, 9% ¥W LE 27

3.1.1. Cooling 7] W& IF ¥ 2% WHF

bE| iL H = a4 = hE| -EL = 77 4] &
oﬂL—]Z] S 3 “’]z _%o T ) -"]—L %O‘T -‘9_-11:_ )?3]’%
x| AR ex | x| e® #Y
1 27.3C 273TC 419C 0C 14.6C
2 26.2TC 26.2C 36.4C 0cC 10.2C
30m]J
3 26.7C 187C 29.4C 80T 2.7C
4 25.0C 17.7C 26.9C 7.3C 19T
1 269C 26.9C 5717C 0cC 30.2C
2 26.6C 26.6C 38.8TC 0cC 12.2°C
50m]J
3 24.5C 17.4C 326C 71T 81T
4 25.2C 16.4C 30.6C 88T 54T
1 2715C 275C 61.5C 0cC 34.0C
2 26.5C 26.5C 439C 0cC 17.4C
70m]J
3 245C 17.3C 36.8C 72T 12.3C
4 24.4°C 16.4C 34.0C 80T 9.6C

_’IO_



(248):°0) 30mlJ (&1:°0) 50m)J (el 0 70m)

70 70 70
as1
60 60 g 0
50 50 50
a8 82
=
40 10 A8 4 _
ag2 | OE3
183

a4
30 &3 30 / 24 30
= =
& .

20 20 ~_/ 20

28 # 2 7 fo|x = =g 8 22 = 2ol = =3 d YT gojH =

a9 11 29 236 we o ¥ 2k W

1% ¥ 30m]J, 50mJ, 70m]J oA = shH] )Rl Zhzt #elA &
Ly

32 tehd Aot
glo] A A e 2% HslE AERW OF1Y 252 24 I5
erg s&%%{— ol Wz g7 wiel W £ws} A v dold xAb
A% 2%yl A5t dbdo] 1533 1F4o) A E air cooling?d A7FE air® OJ@H
ARo] P& A Lxsk Av) 8T HF AT BaS woly dold 24l F
L
(£t21:°0) &= I | =20
| " ; I—N“—\
e |
L | o |
5 :
ag a8z a8 ut 7} " ag a@: ;!3 84 v jut 31 a8 A;IE:' =1
30m) ZALZ H D 22 50m) ZAMF H1 2 70m) AL F D 28
**% novalue <0.001
** p-value <0.05
* p-value <0.01
a9 12 a5 ¥ HA 2=

_‘I‘I_



a9 12% dlyA M-l wE golA AN ¥ 1F t;,_ﬂ_ A3y exZ U= Ao
2 30m] olYAdAE BRE T84 #olA FA T Ha L% 43T < o
o} 50mJolAE 1EIS 57.1CE 71231, Urx 2188 43C 9vs X3
TOmJoll A= 181, 182+ 43CE %=¥%43 1, Air coolinge] &Wrd 1&53¥% 1w4e
43C Were §A o

B dyA] 2864 2513 UA a5 e A 2R Aole SAHOR
FP(P<0.00DF AS Qe 4= glow, 50m] ode] oluvA] AbE Al 9 gHd&
FA 7] e wEA] Y 230l FrhEojoF sk, 7T0m] o] /el A= air cooling
o] FutsojoF dh= AS AUL 4 U

312 Uxo] HE 2% ¥ oT 4= W

¥ 4 O2F1% 2% A% "

81 I1=2 1%3 14
gl o] A o o] A I+1 ol o] 4] 151 o o] A 151
Energy | #/4 % | 24 % | g &% | 24 F | o &% | 24 F | v ex
CE AT | LE AT | A5 A% | eE ge | A4 A% | 2% 4 | 4% A%

30mJ 14.8C 10.3C 71.1% 27T 18.0% 19T 12.9%
50mJ 30.1C 12.2°T 41.4% 81T 27.0% 54T 18.5%
70m] 34.07C 174C 51.6% 12.3C 36.5% 96T 28.6%
Bt 26.3C 13.3T 54.7% 77C 21.2% 56T 20.0%

= el £tk Q) (EHl: 0

A o = E ‘
‘ T |

a8 =t 7} =t ] =t 1

30m) TAbZ 25 S 50m) TAL T 2% HE 70ml AP F 2L HE

#% povalue <0.001
** p-value <0.05
* p-value <0.01
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e
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N

A necrosis column Z o] H

H ooy F7hell w2 %3] necrosis column Z o] Ml

11 w2 13 154

30m] % °] (um) 410.0 587.6 529.8 535.0
s7he 43% 29% 30%

50m] 4 °] (um) 588.0 580.0 505.4 586.8
s7he -1% -14% 0%

70m] 4 °] (um) 591.3 669.8 616.0 752.7
s/ 13% 4% 271%

Bt Zo] 7 18.3% 6.3% 19%

(EE2]: um) (Et2l: um)

(291 um)

NA NA

NA

|

84 a8

50m)J

*** novalue <0.001
** p-value <0.05
* p-value <0.01

a9 15 F8 24 8 oyx] F7}o wrE ZA necrosis column Z o] H]nl 1Efx

26 1”157 #HolA AR Al dlYA] WSkl wE =]
A 9] necrosis column® Zo]E vlw3d Foltl 3 ZAy FAGlo
=7

Z7F wel ZA 9 necrosis columnd Zo]7}

W ZZ 9] necrosis column Zeo] W3S vlws] 2 2213 2E3 9
=6 = z

TToZ Y2 i 29} 1F4 27 1E1 Y 47

T



18.3%, 19% <7Ist o=
o7} @A o Zrhshe
AU 27 M Ast folv] sH et

it By

Ho} contact cooling®e] A}
Aoz #FH7] = sHA N

o
i
32

[o

=
A g oRE

3.2.2. 3 Z7A9 W& Z3F necrosis column width ¥] 1

W] necrosis column

HAE 3 &

¥ 7 2% 274 ¥ YR F7ko w2 ZF necrosis column width ®] 1L
151 152 153 154
30m] Width(um) 210 149 184 133
<7 NA -29% -12% -36%
50m] Width(um) 173 206 191 177
> 7H& NA -1% -149% 0%
70m] Width(um) 214 257 322 291
> 7H& NA 20% 50% 35%
P width 5718 NA 3.3% 16% -5%
(2] um) (2] um)

400

oja

30mlJ 70m)

*e* povalue <0.001
** p-value <0.05
* p-value <0.01

a2 16 8 24 8 oyx] F7}o wbE ZA necrosis column width ¥]nl TEfx

SR

¥79 29162 dlol A AF Al YA Wt g aF ¥ XA
Z 9] necrosis column®| widthE ®| L3 Folt}. o|x] WH3le] upg} z} 1&FoA
necrosis column®| width ¥slol] 543 sde H@HR ¢ggon FASH o2 {9

vg Avt waEA ged
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3.23. 28 Z7d9 & epidermis €4 ¥l A

=8 zdo] WE epidermis 4% 2387 930
| Aol ~vt shuEte waE A &4
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23 18 70mJel A epidermis’} HEH Aol ~
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% 8 oA AP ol Ao mE 15 H epidermis =7

151 152 153 154
| e e | 2 e | 7 1 . | €%
Energy . ﬂ - 71?;10* Ao] 2~ A }] - ﬂ]to](; Ao] 2~ A }] - ﬂ]to]o* Al o] 2 A }] - ﬂ]to]o* Al o] 2
" T | we " | ms " | e " | e
30m]J 6 3 509 6 1 17% 6 0 0% 6 0 0%
50m]J 6 3 509 6 2 33% 6 1 17% 6 0 0%
70m] 6 3 50% 6 2 33% 6 2 33% 6 1 17%
#82 7t aF E dolA oduA Ftel W epidermis £ #lE dHolEH R
ZF H2E Z74 ¥ AZ F9 ZF MZo A epidermis £40] &<lw AolAE A
=
do]A olUA 30m] ZFoNA A= oo o] THtE 153, 4914 epidermis &
Aol AR grol X7FE o] EF 0| epidermisE HO|AZFEH RIdt= S &
A & 9tk 50mJol A= hybrid F8& o] &% ZF491A4 %L epidermis7t W FHE
AL Fod ¢ glon 0mJolAE BE 189 A epidermis £4bo] WA E ¢},
Ao AqUA7t S7HETE epidermis7t 48 Aoz £ FUbEHE s
B2 4 glow FHeo] ALgHo| Wil epidermis €4S =Y & don F 1A
ZYS& A ALgEE 1E49A epidermis’t 7HE =& HEE HIFE AL 3l
EIEE i
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dol At wFol 2L Al Aol Fa, AFE T, WAL § e dolAe) e
4 @FEel WAT By ohe dolAe sl whek wRelA Wi WAHo]
9ol Bgd AnE wEo Wtk Bu opUd dolAF ol &% WY AR Ei=
exd Wk o Avt sl tdehds] R @ 4E o] g3 W AR A L%
7 A% mel WAL Gl A FEE olslh Basth ® ATE ofsh ol
AR EA w7} dolq Asmel ofwl Ho|E moliA olssu, Aol ol
@ % w8 Amst dFsEel Wk 0% mddeln hAF delq AEHS AA

stazt s HA A Al T

2 ATE 95 es 9 =g §H Ao tisA R AMEE = 1550nm EriGlass
go) A AFE Al B ZF3& no cooling, contact only, air only, Both contact and air
cooling 0% IFE& ol HA W ke wakel =43 HALE S I
H 229 necrosis column W3} 2 epidermis &4 ol F-& SRt #HolA =
A S IR EW 2k ¥gtE R8s ddd § e ARR S A A AE 4

. T3k Epidermis®] &4 #lolA Alse] W& oh-EFd

3C2 71¥e2 sa Qv ]
Bag 7S voteted 23 242 epidermis £ waEl AlEd B o @
& AZrel AgE o dom AA FUHARD FAgo] HA™ 4 91y Wil IR x
2l E4e] wE AFRE F&I] olsietal HolA XNE8E & ot Uk

T 274 2 I3 1W &= W HAEE T3 dA AA AzmsA oA AL
S5 TY PAEY 9 a3E #FYE F Addon, oo AEA AAE Both
contact and air coolingS £33 ¢ &3 dgS o 4+ AT

AA, 9 2o W OF ¥ 2% WgE g23& u A A atrophic acne scar
A go AFEE = 30m] oA AAE dolA FAF & BRE IFolA 43C nwS

AsteE AL &g 4+ dAerm 50mJo A+ contact cooling ¥+ air cooling®] &
HkE)ojof 43T nwkS #F-x8 = A3, 70mJol = HFEA] air cooling®] W o
oF 43T wvtS FAE & Avh @A = A FA A F&3k= 1550nm Er:Glass
Fractional #o]A <] ZHul oA &= 120mJel™ FDAA &= 70mJ7HA| &-838kar St}
HZ o5 7]7] 37t 7)ol A S0m]s Z#sh= olUAE d&akar AR 2 kA
Me 5 S S5E 43T E 7hol= atar 7] wiiEel kdg #HolA AsE 93
o] EHHE oo} Fr

SAl, Fdo] BwE b 21 BF 29 nast dE AL 3P 5 dgen
7 0% 8 #9 Z3E BASA dold 24 F 1§29 &% 45e 1§l 2%



Asol 547% FFE, AE3E 2712%, LE4E 200%E oo FHo] Futd A9 Fe
a7t A STtk AS -E}OJ% T odem F A ZFHo] A AREE both
contact and air coolingg AF&3F TFA4NA 71 Hold ZF8 = Bt

Ty o] wet 9§ 249 gk v 27 yEyth

A, I 7F YA wE Z2 9] necrosis column® ZolE HMuPS w A
o =] F7tell me}l necrosis column Z°] S7F7F 2 E Q3L contact cooling®] AF-E
HA e w3 2F1 ¥ "ol Hdt 63% F7hste] ool F® S necrosis
column ¥stel Fefngt A7 g 54 K$ Wb contact coolingo] 7 AFEE T1F
29} 4+ necrosis column Zo|7} Hi 27 18.3%, 19% F718F4 contact cooling©|
necrosis column Zo] F7bol F&S v = AIFLS Holuy FAStHoRE foln 3§
A gke A3rE &1Ho] contact cooling Al I FE FE= G| ik A7 Za
sttt

E4), necrosis column® width ®3l:= olyx 274 9@ Zg 2o wz} #oudk
e Wb sAAoR {FouEd ARyt oA gol FH WA necorosis
column®] widtholl &= 9&S v X %] gEghoh

A, F5 270 WE epidermis®] &2 EE IFolA o)A ouA 7}t g5t

5 epidermis =7 Ao|~7F FTU ek AS #FET = A, YA 30mJol A=
ool 24L& Twst 3¢ epidermis £4to] 0% o™, 50m]°ﬂ/‘1b hybrid &% W2
ol T F 40| A1t epidermis £4°] 0% ATt 70mJol A= RE & A epidermis &4+
o] WhHEo] HolA Am A F7F HKTF
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5. 248

2 AF% 1550nm Er:Glass # o] A& ©]-&3 atrophic acne scar A& 7ol A
cold air cooling®} contact cooling®] &3S A% hybrid cooling ¥4 ¢l ‘Al3}o]of
78 oo 28 WA g3 E stz gt

Hybrid cooling W42 & A atrophic acne scar A& A] AF&5 &
©= E= contact cooling W AFE Oiv] Hold 28] g¥E FTH o, 2k}
FDACA & €3t 1550nm Er:iGlasse] Ao ol d=x2l 70m]JS o]

Al olo] FEo] FukEojop AokA oA Trol= dh= I %<1 43T HRkS
H QFHgE Aol Thesttte As #<lske] 1550nm EriGlass #lo] Ao bk AFE
7hol =7} 7hs s A

T3 oA oANUA F7te] wpEl FF Z2 9 necrosis column o7} FUMstE A
S 9ger F7 W] wel necrosis column W3] FAbo] ttEA YelhyE= A
S #HZE 5 AT o] FE S necrosis column Wstel fFem gk o] fle wh
™ contact cooling= & © & necrosis column Z o7} Z7}5k= AL g 4
ARoy S FaE= tgo] A JEFs vA = Aow FAE oo g F
7FA Q1 A7 et E
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ABSTRACT

Analysis of skin surface temperature and treatment effect according to

cooling method when iradiated with 1550nm Er:Glass laser

Laser-based skin rejuvenation treatments are widely recognized in dermatology. Lasers
offer the advantage of selective targeting based on the absorption of chromophores specific
to different wavelengths, thus expanding their therapeutic applications. Among these, the
1550nm Er:Glass laser is known to be effective in treating atrophic acne scars. However,
the thermal response induced by lasers can excessively raise the skin temperature,
potentially causing adverse effects such as surface burns, necessitating epidermal protection
through cooling.

Despite the risk of such side effects, research on the cooling of skin treated with the
commonly used 1550nm Er:Glass laser for acne scars has been lacking. While comparative
studies on cooling methods such as refrigerant gas cooling, air cooling, and water-cooling
contact methods exist, there is a dearth of research on hybrid cooling methods combining
these techniques.

This study aims to address this gap by investigating the efficacy of a novel hybrid
cooling method, 'Sapphire Contact Air Cooling,’ which combines contact cooling and
non-contact air cooling. The objective is to enhance cooling efficiency during laser
treatments, thereby minimizing the risk of thermal damage and improving the safety profile
of laser procedures.

To achieve this, an experimental setup was designed using ex-vivo pig skin to compare
and analyze the effectiveness of the 'Sapphire Contact Air Cooling' method. Four cooling
conditions were tested: control (non-cooling), air only, contact only, and Both contact and
air cooling. After laser exposure, the skin surface temperature was measured, and the
degree of tissue damage was evaluated through histopathological examination.

The study employed the 1550nm Er:Glass laser with energy settings of 30mJ, 50mJ, and
70mJ under the four different cooling conditions. Infrared thermal imaging was used to
monitor the skin surface temperature in real-time, while Hematoxylin and Eosin (H&E)

staining was performed to assess the extent of tissue damage at the histological level.
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Results indicated that the hybrid cooling method significantly reduced the skin surface
temperature compared to other cooling techniques. The combination of contact cooling and
air cooling provided a synergistic effect, enhancing the overall cooling efficiency.
Histopathological analysis revealed that the 'Sapphire Contact Air Cooling' method
effectively minimized thermal damage to the epidermis and dermis, suggesting its potential
to improve the safety and efficacy of laser treatments for atrophic acne scars.

In conclusion, this study demonstrates that the 'Sapphire Contact Air Cooling' method
offers a superior cooling solution for 1550nm Er:Glass laser treatments. By effectively
reducing skin temperature and minimizing thermal damage, this hybrid cooling technique
can contribute to safer and more effective laser procedures, ultimately benefiting patients
undergoing treatment for atrophic acne scars. Further research and clinical trials are
warranted to validate these findings and explore the broader applications of this innovative

cooling method in dermatological laser treatments.

Key words : 1550nm Er:Glass laser, air cooling, contact cooling
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