AL o) F AL TS AT
Tissue Optical Clearing metho
A eFstol g ﬁ:ﬁ
Positive pressure, Glycerol
injection, Laser pulse
modulation, Tissue temperature

ds



WAZA N F LT FAL 9T
Tissue Optical Clearing methods
Asto] o A7
Positive pressure, Glycerol
injection, Laser pulse
modulation, Tissue temperature

A= 4 W = wF
o] RS AL A RO AEY



21919

Al
=

AEE

Al
=

1919

Al
=

]

o

7

20114



4T, A ez

“]
=

bl Qo) 2

1

<KW

El

fiie)

]_

A A

A" A A&

1

s

B

S

u

[e)

T IR =

[y A = )
FH= 3

A,

el

NEA 2L SCIA ol A

o

43

=

=

2 x50 97

Sk

S

ZRAQY SR A% FA AT

Ahry] 4}

e

o]
TR

of t7}7}7]

1

—

0

bl
ot

A =

)

ol

R

Fu .

k<)

of AAl oA A XA o2 A=W ALg

=
=

5t

Ao, 9ok
[e)

Sl

o

)

7

2011

TR
ofy

ml
o



3
B -2 B -
FE OQOE e e e e e e e e
I T = T
A2 W A O] B e
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AAZA U F 2% S A
Tissue Optical Clearing methods A Z3}e] 3t A
Positive pressure, Glycerol injection, Laser pulse

modulation, Tissue temperature

A 222 24 FetAog Zhgk A EAS 7HAAL Qlo], FAv o] 91X
ot Ao AR Edstr] A, A9 W 9T GelA ] ek Abekd g o] <l
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o] =gddtE 3 U E Z7FA]7]E Tissue Optical Clearing(TOC) WHEo] thekst
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o, A FZAE B33 peak intensitys -30kPad] ¢t Ql7FA(0kPa 7]¥) ZTE
Bl A 2000 2.749), 30QE 3.228], 40@ oAM= 3.649) F7}alSi).
2) A xz2 e Ay F(Quxshe] 225 40ToA 10C=E #FaAZ 45, total
intensity(at FWHM)7} (Aol &% 40T 7]5) 30TColA+= 1.04v), 20Co A= 1.32
i, 10Ceol = 1.378) S71eklar AAzA o] g4tk 3 AFekAl 4 (reduced scattering
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S w 1.42mm " 2 Fx} A, 3) WA FZA ] 52U average powerdl A 5Hz ~
30Hze] W92 AR golAE A A9, total intensity(at FWH)E L3
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2R FolA ZAHGHzZ)A]l 1.499), AAZ2Z 2ZA S (10TC)A] 1.399], 95% =] A
= FIA 2.148), mixjgto gz BA LA 3.408) Z71slg T, total intensity(at
FWHM) Sl - Hxar= #olx ZAHGHZ) A 1.22v), AAZZ 2240 (10T)A
1.219), 95% S ¥ AE F=UA] 1.640), v o g B34 8 A 1.868 F718F% .
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AXE= T @ light intensity, low-level laser therapy (LLLT), hyperosmotic clearing
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19601 Dr. Maiman®| F¥](ruby) #©]* (LASER: Light Amplification
by Stimulated Emission of Radiation)E 7]@3k o]3 do|Ai= LA
Dol HE AR, om, AW, AL Bop7bA] ThFRE Fokell A AREEH AL
A1), ojFmFofelA HolAE= A8gEor F= AREEI on ki
(ophthalmology) el A= #ol A2 & I3 (optical breakdown)e} 5714

(vaporization)< o]-&-3t LASIK (Laser-Assisted in SItu

T

Keratomileusis)©o| 4 LASEK (Laser-Assisted Sub-Epithelial
Keratectomy), ¥%¥3(dermatology)oldE 41, #H, F&, °, =
(port-wine stain) &2 AA, AFL]F(orthopedics)olA = &L
(coagulation)s< ©]&3F A 52, A% A4 AA, 78
% (bloodless surgery) ol AFE¥a lom, FHtol= dEHQ o

He=s gAstd = vH53 @l <= (laser acupuncture)®= Y3l #] a1
Art2]. JE&ow HolA7l Bel &&H = AL Farel 9T
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(chromophore)®] &34 (absorption wavelength)ol]l Xt #H o] A=
Agomm deAd(selective) Aol 7Fsst7] wEoltH3]. 1
W} Az 2he] B3t dosgS do)A AlEdA] Am a&S 7
A71E 8o 283k},

dolA7t  AAzA F=AE w FF(transmission),  HRA}
(reflection), At&(scattering) “18]al F<(absorption)®] 47}A] 7]&
Al Foagol MAGT[4]. o] ZhedHl BAXA W FdEe =4
] 2o o)3 HA}(photon) 7} EEH O] HoyX| 2 WHIE = AS
net o] g Zopdll A #lolA AgrlHdem 2H&IITH5]. HEZE A W A



B3 Ao 2 g719 FA-E(refractive index)d =}o]lE 717 %A S0

td
£
0,
rlr
0%
—_>H—"4
BN
N
(]
i
=Y
ru9
o
=
D
@
D
=
(@)
o
D
=
D
(@}
-
)
-
BN
fru
‘0,
o)
N
o
2
09:“,

kol v AL oA = AAbe etk ol g kgt 5 AEY dolA
2| & (low-level laser therapy)olx] &7 whAltho] &5t w9 ¢ o]
A7 B3R zol7kA mEetr] A AbekE o] oA o T3} ZlolE Alghetal
AdHow L whAde ksl do]A e F Wi
A2k #olA X85 a8S AN 7= AFoz s},

ol gt SAIE F&H37] A AAFzA U F AFEAALES Fola Ay
S7HAA AF-ZA]

A7]% Tissue Optical Clearing ®F
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LA el e 3 URE St

mE

=o] vggstA AaEHo A Q=
ol & 2 74 EZA(optical clearing agent)2 #-83FAU[6]
HES Vbt #HolAe FREE ol AU(7] AA A ZEE Al
sto] AFERAAS FolAU8-13] HlolAE HARER FASh:E WO
[14, 15] A8 SHAA 7H a34 < o= dddn).

=
K

A2 W F FYReE Fo]7] 93k Tissue Optical Clearing WHE
T, B =AM E F e AAEAS A RA A FYsa, Jgd™
(positive pressure) 17}, FZo] 2xAo] go|xe A ZA &

(gel/liquid-crystalline phase transitions)[8, 9], Xy oAM= ZF&bAl
A 7% WA (modification)[10], HAZolAel A= A3}
(degradation)[11], M2 Wde] w#dE5H[12] 5o +4H 7|Hoz &

Ay, AdAHoZE= Jan Laufer er a/.(1998), Shu-jen Yeh et
al.(2001), Omar S. Khalil er a/.(2003)%°] 14| dF-z49 x5 W



stalF oz Ay 8l Y5 3 FAlg B ARG A9 dsts
in-vivo, ex-vivo A@AIN=Z B3¢, o]t AFA
o7 FAZZ e AuFo 255 FAAAS W, F Addgo] 7+
Adtal #4845 AdH(refractive index matching)ol| 7M7he 3HE S A8}
WA Ao o x2 AFoAe F dwrt Frlkstes AdE =5 F
A

3 A A EAS AFRS do 7= YAF(scattering particle)o] &
& (modification)s 7FA Qi s YA R
a719] My, Al FHE(refractive index)e] W3lZ <la) aid =
28] AR =S WA 7Y 7] U8 S 3 bR A EEES A
o Ab&ste] A& a¥E US F7RAIIAY Fole Aol 7 sttt

AAN7A] AA L Qe 2E 71HLS JH-o] &4(skin dehydration),
Zeh7 sl (collagen dissociation), ZLg|al o]E9] HF% zZtgolt}
[16, 24]. Vargas et a/.(1999), A. T. Yeh et a/.(2003), Rylander et
al.(2006)°] ¢l AAEIL = F A FH=do Az et

Ag7)700] tiste] nAsaLA AL
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Ao FAE JB) e B34S Yl YAzHe] Y Faw
2 At A9E B, HZolE Yoon er al.(2008), Kang et
al.(2008)% 9] hyperosmotic clearing agent , compression,
micro-needling, I3l Z&39o] &3HA o] AAZZA Yol tissue
optical clearing 345 HA 3} Al 4 Atk HiE s1%lon 7] o
2l dAgolA F At A EES A8kl Az W F FaEs A
st A7 Hasar QuH[19-22]

= shbel WWel gEle Skl W FAHED kol wpgel B9,



AA 2o FSt(positive pressure)= QU7FsHAl =W AAx2 o] FA 7}
aekA wa We] ko] dad F 4= (optical pathlength)7} ZHAa}
A EHHA 3 T2 SorekAl Har, E=E dotew s AE=
(intercellular space)e] Z=SEA WA AH¥EIF S (intercellular
water)©] 7¥Aste] dtA~®lZ(elastin layer)7Fe] &7to] ZHAashdA 24
HHow =HEAGN T &4S =4S o] tissue optical
clearing®] &¥E Holx= AHo=w dex] AuH[7, 28]. Shangguan et
al.(1998) AAzA el F(0-1.5 kg/en’) & 1718kAS o) F FA
2 G AR SUtele ARt olegr 3 5EAESY 79
(irreversibility)S H.i18}S]
AREARQlL 33 T3 FIhet Ao FAIE 72% A, Aol 40% dAa

AdE Bt HIole AA XA ke drbsidlEs WY
tissue optical clearing@¥& AZFsstAY ttds ot HHEY o
st HA Y mIE =EFohe A7 A HAT20, 22].

npxjuo 2 A ZA ol HolAE HAFH (pulse wave)Z FASHA H

rr

M A& (continuous wave)oll HlE 3 Fxzlolr} Z=7bsA H =4
o] AL ks B2l Axto R els 42 9o FUSt average power



A AAEA W F R aeAS SHsEd ¢ U= tissue optical
clearing WSS Arstaa spglon, AR-Homs AAzAd Fst
A7F, dolAe] HAars AL AAZA ] ZAe], F ArdFA =
(optical clearing agent) 485 F3lo 217] =& &

W T3 Zo] 3 9 F Ak g4, old gk Aust, AEFstE st

A seleh,
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2.1 W3 AAZZ 719 A5 AL (Light tissue interaction)

beam
reflection remission

epidermal dermal
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AH(reflection), AF&H(scattering) 1813 &F(absorption)e] 47}A 7]
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of a3s HAATIHE RteEA] AA| A FaEojoF dtar[5], 53] 4
24 (deep tissue layer)ell A #lo] A F48&5 Fol7] faiA= #ol
Aol T3t Zlo] Bl F "MErb FFEojof . ey A=A ] F A
2H(light scattering) ESAL2 A do]# X = (low-level laser
therapy)ol X 54 dActo] Foat= wde] dolA7E H3x ZHol7kA] =
2at7] A qbgkE o] oA o] F3t ZolE Algsta A om i Uy
o] =ual= #ol A9 ¥ WX (photon density)E 7 sle] #olA &

B85 Folud 78 AgoR gt

A Ao 2rRstel] wet F 54o] Wssie 9 Vo m= Wy
XM= A HolFZFo Ai-NHgA Hol(gel/liquid-crystalline phase
transitions)[8, 9], FHIdAMdE  ZFgA A xR WA
(modification)[10], AA=clre] AAZEZe A3} (degradation)[11],
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18 6. ZEAE A8 A transmission electron microscopy A¢

H) 3 (rat-tail tendon fibril)
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rehydration
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wavelength (nm)

a4 7. 29AE A48 A =2k 2 3 A7) W)

140, e R ] 160 - - . ]
i
ol RISESOIRRE.
120 - 0 min ‘ —
: 100‘ - After 30 mln‘ 120 -0 min ]
> | “Afer60min 100, " Atter 30 min
w -
@ 80 - After 90 min £ After 60 min
g - § 80 - After 90 min
£ et e gt
= 680
40
' 2 R
f et | o L
L
¢ 20 40 60 80 100 40 60
Pixel location Pixel location
(a) (&)

a3 8. ZFYAME9 tissue optical clearing &3 H A 3= 93

microneedling 4 -&



3 Ak A EAEe AES dod)= YA (scattering particle)o] &
T (density)¢} ¥ W (modification)S 7FA Q.1 e Yx}e] Hoky}
arzjel Wy Al FHE(refractive index)o] W3tz Q& a9 =
Ao AR EE WA Tk 747 oE TR 3 A A EEE
AZIAY Fol= Aol 7hsattt,

Vargas et a/.(1999)¢] 19 59} o] AL FYAES o] &3lo] A2

—

7)
< Al AREskY BdE Us SV

e

o] optical tissue clearinga@¥}E W15

hyperosmotic clearing agent7} Z% uloA 3 L&A SS FAA7]
ARHor FHEAY S 2Ast] AAxA Y F FHREE HdgH
© A3E st A7 AAE AL = 2HE 71 v g
(skin dehydration), =4l 3f2](collagen dissociation), L# il ©]&
of H3A zgolvHie, 24].  ol¥l A& 7ol oisiA Rylander et
al.(2006)2 1¢ 63 o] 9%-o] @4(skin dehydration)7} 4 Ab&h 3t
2 EA9 tissue optical clearing& el 714 F23F 7|@dolgla Bl
3L, A, T. Yeh et a/.(2003)2 19 73 o] F A& =4 HEo
2 2% AFHE HEolrke Aol Jhedt Fehll 2o Wskel Fekal
A71e] Wsl7p 7hsd Jidolgta Haskgltt. Aol Yoon et

)

al.(2008) 2 Kang et a/.(2008)°¢] hyperosmotic clearing agent,
compression, micro—needling, 1¥]i X539 E3A 8ol AMAxz U
o Al tissue optical clearing &35 243} A2 %
o 7lg} ofg] AgrellA F Akt A EHE A5t AAxA W G F

FEE M= A7 B Qi[19-22].
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2 99 109 o] AA|ZAC HE Qb W FIREE Fole
el 49- AR ZA ] Ut (positive pressure)S Q171sHAl EHH A A
Ao FAZ ZAEA Ha "o Fake] e 3 d=E(optical

pathlength)7} 48/l =AM 3 F3p7F S7kskAl Har, E3F dho=

ola] A ¥ZF=(intercellular space)o] Z=SEA WA AE FE
(intercellular water)o| Z+Asle] dE}~®lZ(elastin layer)3te] &7t
o] ZFAastHA AHow ZHEATF N 7 IHS 2ASHA H o

tissue optical clearing®] TS Hol= Zo=w dex QduH[7, 28].
Shangguan et a/.(1998)& 19 103 o] AAZFA] <eH0~1.5

ke/en) e QFRIE W F FEAS W P AAAFI S Azt

S 27FER S w9l tissue optical clearing&@ s AH3bsl7 ) ok
[e3]

st e WHEY Yaste A adE =Fehe A7 JAHAT



2.5 AAZZ HARE Ho|x FAIA] F EA W3}
1-— CcwW
VI

H H H H R

LR

relative irradiance (memz)

H Pulse duration
02 ITms, 4Hz

n L x ' L i
o 200 ann s00 00 1000 Msec

28 11, A22E golA ZAA A3 irradiance(mV/cm®) W3} ¥

a2 113 Zo] AAZZA 4 dolAE HAFH (pulse wave)® ZAFSHA
wH AL 9 B (continuous wave)oll W&l @ Fipzlo)7t F7FskAl =)
oA gk o= MWl hsettt. dE TUI FAERYE Tt
A3 9dat, FAH(photon)e] oUA7} F42

ol st &34 F i (biological effect)S YERA 317] ¢aiA Z a3k

=

>

il
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¥ ZZ(target tissue)ol

N

oA A8 WX (threshold power density)E 10mW/cm’@tx 7FA4sta, =
2 Fo]l Fyer uwf 1em@ 90%2] £ao] dojubar 10%%t EEEtial 7}

Agch. o] wl wrek #olArt A&y Fue wRzAe] 100mW/ et &
AbETE, Zhgel oA 3R 9 1emA Hel A 10mV/ em™7t EEEHAl
1 AEHEEY o AESHA adE e F de F T ZHole 1om
7 @k, AR 10ms, 1Hz AAmE=g A @i o] 2HolA
duty cycle2 1Hz X 0.01s=0.010] 3 22 100 mW/cn*S ZA}8HA H



W HuH A8y WX (peak power density)¥ peak power=average
power /duty cycle =average power X 100 ©] 93] dAL&u Fefj=z AL o
Bob 2o 1008 7F SEA 100/ en” 9] A8 WEE JRAA HaL

A FAAE 1Wem®, 2emAFAlAE 100mi/cm®, 3 cmell A& 10 mW/ cm7}
Aok webd darer AR HW et aaEs g ¢ Qe
TR F RO 2ol 3em® ALy FEiY w Eoh 3uih "vh(14, 15].
HIHA] HolAE AL RuER AN F9-9 A2 RER 2AE A
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3.1.1 &8A71E do)lx =24

a b

- Optical fiber

Laser
Negative compression T I

Air suction hole

Optical fiber supporter

/ (brass)

Specimen

a7 12, 4EAVEE deolA ZRE Fx(a), TRH O A=A

HE2E (b, &), vFe 74200, 300, 400)e] Z=2H (b, 3}



5 AAslng. B3 37 FUTE Fote] Azl A7bH

Optical Fiber

/

Fluidcirculation
T
i
i
110 H

0 Optical Fiber supporter
1" Gluminum)

2EAE Polx TEBE a9 13(a)9 o] ¢F
F7] FYT, dolATE 2AEE 54 AAzF F9e 2EA

o{
L2y A, FAGT YA EtE 3, ofa™ AR AFE ZTeH

o



5
o] L7} A== deoltt.

3.1.3 BAxAd EZGHATI wE F Fhsd W3 SAS AT A=

Tube for supplying compression Optical fiber

——————————————— Developed probe

Specimen

Manometer

DC motor pump

Compression controller compartment Image acquisition compartment Diode laser compartment

a7 14, ARz SAEA b e F Fadd Wi SA4s

% 149k o] Az 545t IVl whe F Fidd w3t 5
AL 9 A 2ES AR on, 9 AlxEe AAzAd EAEE(0
kPa ~ -30kPa)& A7F R #FA8tAAM FAlol 574 A oA =AZF
7hsstmE AAENoH AAxAS T F FHRoRS gty 9
kAl olu x| = (D FAvlgtE FESAT. 9 A]xEo] A}&E oA =
2HE 9 129 FERIVME HolA ZEHola, HA AA'S A Al
FiRoz2 FAE o] dHAAR, GFES5H, diode laser HUFEZ Uy
o, WA gGEA R F$ 12V DC motor pump(KPV36E-12A, KOGE

Electronics, Xiamen, China), =% 4HAAMZE FAE ] Qo A ofd



el Z2E o] ¢S 0~ -30kPao] W94 -SkPa ©9IE AHA o
FA7F 7Fsskth.  diode laser LXIF-o] A9 A2 G99 200ml
=< o] 75 gk 808nm diode laser(L808P200, Thorlabs, Kansas, USA),
aspheric lense(C570TM-B, A230TM-B, Thorlabs, Kansas, USA), optical
fiber port(PAF-SMA-11-B, Thorlabs, Kansas, USA), diode laser
mount (LDM21, Thorlabs, Kansas, USA), TEC controller(TCM1000T,
Thorlabs, Kansas, USA), laser diode driver(IP500, Thorlabs, Kansas,
USA), multi-mode optical fiber patch cord(FT1.5EMT, Thor labs,
Kansas, USA)Z T 5o vk, wiAfto=m gAfalsie] 45 Sty
(diffusion image)S CCD Z}H 2} (cs8620i, Toshiba Teli Corp, Tokyo,
Japan) & & 53tglom, C-mountE “FE3te] 29.9° (H) x 22.6° (V)9

ﬁ

field of viewZE 7FA 11 9Jom, 8.4xX9.8um pixel sizeE 7}X

o

763(H) < 494(V) pixel 7] 9] detector® 7FA L Qlvk. Hg FA
oA A ZzA e Lrwst S-S &) D 7hHlet Ao D3t 7hd
= YAy, A3AFbE e (Thermovision A40, FLIR  Systems,
Boston, MA, USA)¥ 1.3mrad®] b=, 35 mm d=2E 2ss o

24 X 18 /0.3 m9 field of viewE 7FAaL glom &AH7bs 9=
[e)

Jn

T q

J

e

=

rir

-40TC ~ +500C(0.08C)olt}. ¢ A|2HE o] &3t EXotd <l7A] #
Jolel WAstSA Ao A AL FY EHA7IE 134mW ol FA

choll A A Ao ZAMEE 3 -8 A7]E 430 o] o).

mE



3.1.4 AA)ZA ) Tissue Optical Clearing ¥ Z €A T E33€l
H3l 2SS 3 ANAH(HARE Fo|A XA}, ABAZRZ

<ZA9, F AudRHEAL FD)

CW / Pulsedlow-level laser Heating & Coeling
Opeical fiber
Y

a9 148 Alz"la sdEARt HARE oA AME 9dte] diode
laser W HoA  FHFo] laser beams FF3t7] Aol optical
chopper (SR540, Stanford Research Systems, California, USA)E ©o]&3}
of HARE oA FAF ZheetER sidlom, AAA F &Qlo] &0
sk 7hA1d 9o 660nm laser diode(HL6545MG, Thorlabs, Kansas, USA)
S ARSshslal Fdde) 54 5 ARl A7l st= 0.39NA SMA type

multi-mode optical fiber patch cord(FT400EMT, Thorlabs, Kansas, USA)

|l Saclokoniia iy I

- 1 I

N AVAVAYAYA I

I Water 1

| I

Caal

i == I

CCD camera | | Hexier I

______________ b e - e e e i)
Image acquisition compartment Temperature control compartment



2 aspheric lense(C280TM-B, A240TM-B, Thorlabs, Kansas, USA)E A
sttt FAESFAAE HARE #HolA A AA A FAakddd
355 ¢ste] 60frames/sec #Jo] 753k CCD camera(XC-HR57, Sony,
Tokyo, Japan)E AASA ™ 9.9 X 9.9 num pixel sizeE zZtE 648(H)
X 494(V)e] XGA resolutiong 743l v, gEAoE 98 17 149
Al ge], 9 169 A|AEl = A A SRAlYE 9% &

Ao FE7F 9lom 17 139 2LA|old oA ZRHe EHRE f
AE Fwot7l st FAe EAE FAVF 7ted desdaex
(RW-0545G, Jeio-tech, Daejeon, Republic of Korea)E A}&3le] 10T ~

40CE Aojstaiet. A=) A& 95% A ES AFEsior, 1

oA FAFR-91 WE tissue optical clearing &3S st FAE=
o]-&3%t TS dEsialtt



3.2 A% "W

3.2.1 BAxA Y 5LV e F FHHE W3 FFs

SFERIZ7IA AR =AY #HolAe FHHE] mX = J3F

Slske] 19 149 AR Axwd 23 129) A

oj-gste], HAlHoz HAIRES AZ AR (frame)ol L7gstar olA

o

ol 7|

=

o]

2

IZ=HE

B 9 7F F FARE Fotel wolAES AAEA A 2 A
L sheke] CCD ZhHiEhs A9 E-E R dlel Ao kg d(diffusion
image) & 253E=F Soith. I 162 137 149 AAlE Al=we] A

T4 REoR AgAEERS diode laser W F(a) 2 dHA R (hH)E

v 7} # ol =2 (irreversible) [28] <

ALY

2 Yt s okqla, AA A
Bl3t4 WalZ e ¥ Fyue WasS By 9ste] oA ZzHeo] A
S 20mm, 30mm, 40 mmE T}eF3tsle] A XA AU AFHPHOo R

AL/ m skt G bgdel £ matlab ZRIHWS ARSIl

o,
N
)
glj
X
rlr
2
a2
-3
=
[l
BN
»

o

W fo]A H T3] peak intensity 2 WFEX](full width at half
maximum(FWHM)) & A& vlaslgitt. Ago] APx = FF A o &

L= 16.19CE A3+



(a) HAA=E 74

T3 16, AT R A o)A FoAE S NG Azw Ty

3.2.2 A A9 2xW3ld W F FHd A3 FJFs

AAzA ] LEMEA QAR dolAe] FATRe] mH = GG
SFobiy] $lskel 1% 159 AAE Asg Y 17()e] DHER]
o avpon Add A% ARE olgdel, AAHen HANLE

BE nATe] nAstn 19 139 Lm=Allq oA Zar el 4YH
Jol| ZA}EHAl = a1 sheke] CCD FhHl et

A9 S FA3E golA e gk (diffusion image)S &538H=

_ .
At olm AAzEA] LEE Hol4 TR Fato] AoH: o] of
el ersnlgow Azt A ngno Aojadi oA oFe &



g 17(b)e AL FL34F(accuracy +0.05C at -10C, -25C ~ 15

0C)ol A48 &dFug dAFANA Aojd 2= 40T ~ 10TH S A A

-10CHEH 2 229 & AAAF o A xZAe 2E=wsteE fgx Y
SEAR Agleltt. G e 24 matlab Z2IHE AE-S)

gom, dolx W ZEade  WHEX(full  width at  half
maximum(FWHM) ) -=7Foll A €] total intensityS A3 HlwstFTh. 23 o]

AR ¢ AP o) LxE 1908 AAAT

A2 HAReg golA AR AA AW o)A Fahafr
HAE FEFe dotR7] fste] 29 159 Al A" 29 139 €

o o=



oA TrHE o]gsto], MAHOR HAVNEE WE LA uHEL
dojA ZzH o] AdH FAFE Fsto] HolAE A=A XA}
A o] W 219 183} o] laser diodeoll A w2 #lo]A ®leo] FAd
of 3%¥=7] A optical chopperg ©o]&3ste] #HolA A7l A=A
= stde] D 7helgls HAAFE FH dolAe St
(diffusion image)= &53l%5 3T,

A7 Aol AA Fds el T 539 vEAAS s, A

e golA HAE 5Hz ~ 30Hze HolA 5Hze9

gk, A9
AZE Eewst RAHE 4 AR M 0T FAHA.
F S BAE matlab TRV AGHGon, HolA W Ll

max imum(FWHM) ) -3Foll A €] total
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3.2.4 AAxZ F g AHERD FAA F FAAE A3} FF

A ZA | F gk 7452 (optical clearing agent) Y A A =*
A glo]Ae] Fauieel nx|= oGS dolr 7] 9o a9 159 A

H AxE3 29 139 golA TRHE o]&3lo] HAHORE HAYRES

rr

AZ AT TAS F HolA TzH Yo AdE FALE Edlo g
ol A E AAFAo| HAsIe] kel OCD FhH| gl A A YRS T3 )
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(a) FA1E ol &3t

a8 19, AAx

3.2.5 AAZA 9| Tissue Optical Clearing WH(IARE Fo|A FA},
AAz2F 2EA 0], F AT AHED FH) B F8A F
T H3l FHFs)

AF-AoRe= e dolA ZaHE o]fste] 1) HERTORE ALY
A A& oS BAXAMUC) HAEIS W G FAdNs



a2 95% SHAES AAZE
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3.3 4% 23}

3.3.1 AAZH | SALHA I wE F Fod A3 J=3} 245

(c)
a9 21, AAZF 7kE EEAE(0kPa(F), -15kPa(F), -30
kPa(9-)) ¢tede1718 #ol# =21 ZAA(200(a), 300 (b), 400 (¢))ol
w2 3k o)A Wl T3y Ws)



N
®
o
—
1
s
)
o,
N
L
oft
=
o
2

TrBE o]gste] A XA 0kPa,

Aol
Wl Aye A ovud ¢ odv. " 2104 AR o] 53R 234
Fefsta ol G-x9} H] 24 (non-homogeneity) wj&-o] A x2S Fi}3F
gdlo]# o] oW (anisotropic)] FE S Ho|xnt 334
Az 7bets dEe S7HAA W A RA S Fadske oA 9
# W% (laser photon density) 9A] Z=718l9SS ABAHo=zm HlF
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% [_115kPa
R 30kPa T

_

—

I\\ \

Decreasing rate of FWHM(A.U.)
- N
| |

AR
. T L T
20 30 40

Laser probe diameter

¥ 23, FEAVEE HelA ZrB A mE oA W zmutd

W52 (FWHM) %4 W] al(-15kPa, -30kPa)

T3 9 219 32k dlolA W 2Ry #dd 4= A" A
o], 574 749 #olA ZrBE o]&sto] AAEAC Thel A= dHol

7 & 5 AA A YelA golA We] gS o s Aist 47
e 54 S dAE 4EA7tE dolA xR Ho| HAHo| Frtdt
4 = dolA o] ¥ v FFHE AxE a7 233 o] FolA ¥ =
mapd o] REZA(FIVHN) HAE&= AFHow F4830n. WEA= 0kPa
ANA 53 Fagas VFor T2H ol 27 20004 1.354, 300

N
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3.3.2 AAxZ Y 2=Wg] ©E F TN W3 FFs A

—— 40T S 16
140 &
&’% e S
L2 + 20T = 14
120 ° y =4
&4 Y ° 10T =
o ++a ° i 12
— 100 Pl &=
3 = 104
i HERY e
g 80 W 2
Z EE AN 5 08
H s o 8
= 60 o+ d F 06
&% =
& bot
o S 04
40
g
g 02
20 g 3
. 2 0o T T T
{ " = 30 20 10
%0 300 30 0 30 %0 40 40 o Temperature(C)
Image pixel

% 24, AAFA 2% HIA FrE do)lA ¥ Z2ad Wsk(a)e}
dolA J ZEudo] Wk x| L7t A 9] total intensity H]ul(b)

19 249F gol AAZRAY L£EE 40T ~ 10T 9 Wl -10THS
2 HAaAZE W AAxAs Fag golA W F FAFAE AFHLe
2 24T A3, a9 24(a)9 Zo] 22 2RE AaAZEs W AAx
g Tt G ATI7E Sek e 19 24(h) g ol f53% 4 gt
GAarol| A glolA Ml ZEulelo] HFEX](FWHM) T-7Foll 41 ¢] total intensity
£ BAsle A9 2% 40CE 7|22 3% S o total intensity9
SHES AFEIEdY. 249 &% 40TCE 7]Fo2 30TCoAHE 1.04
v}, 20CoA+= 1.328), 10T A+= 1.378 total intensityd =715 H



Reduced scattering coefficient(1/mm)

Temperature (C)

29 95, AAEA] Lxwstel we S # A W)

a9 25¢F o] AAIFAY SEE 40ToA 10CE ZFAAAS o A
Az kAl 3 Al A| 92 (reduced scattering coefficient, u's) W3}

2 2y 40Cd W 1.71mm Y, 30CY @ 1.66mm ', 20CY wf 1.56mm ",

100 W 1.42m’ 24 Az 258 ZAaA7E n'y B3 Yol
EASE AFHor AT F v



3.3.3 AAxA] Hx B2 oA A F Fadd W3} A3 A%

s
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s o o =
X » o o
L L N
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°
°

ncrease rate of total intensity at FWHM(PW/CW )

(a) (b)
a9 26, AAZRA FAlekE #olA FHxd wE FikE oA H
z2utd Wk (a)9 HolA ¥ T2t whEXx] F7ke| A 9] total

intensity H]2L(b)

9 259 o] A=A FAbet= dolA e HXAE 5Hz ~ 30Hz W
FlelAl 5Hz 912 Aojsials w, 1H 25(a)e] 234l oA W =3
A o] BAzA S Fashs el JEH R Ao G AV7F DEp = A

& 25(b)et o] oA R Z=2uple] wkEHA] 3k

o 9] total intensity’} A&3} dolA ZAMA] 538t F Ghk3ddS 7]

[

2 FA% 4 9gu 1
To=Z o u oA HXA S5Hzol A 1.228], 10Hzol A 1.1181, 15Hzol

A 1,109, 20 Hzoll A 1.079), 25Hzoll A 1.0981, 30Hzoll A 1.108) S7}s}
it



3.3.4 AAZZF F & A ERA FY(injection)A] F FAAH
Wl A3 A3

Y
> » o N &
M

S
L

of light intensity(, /1, )
I
h

Intensity [a.u.]
e
o
L

1
o o o
Ao o

Increase rate

o o
o N

T T
Pl Tl at FWHM

(a) (b)
a9 27, BAzAC 95% 2 AE FUA dolA W ZE okl Wst(a)}
glol A W Zmakele] peak intensity(PI)of WHEX] F-3bol| 4 €] total
intensity(TI) H]2L(b)

7 279 o] A Aol 95% ZEIAME FTUAl AAAZZ A {
oA W Y S B F9 Ao H]sle] peak intensity$} total

intensity at FWHMe] & A3] ZF7}3F AL delst 4= 9low 17 27(b)<}

A

o] A ZxZA | FYAMZS T o Hlsle] FY F peak intensity:

2.13¥) =7}t total intensity at FWHME 1.818) Z7}skglc).



3.3.5 A ZZF | Tissue Optical Clearing WH(FAEE #Ho|A FA},
AA xR 2ZA, F ATAHEED FY) 5F F8A F
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ABSTRACT

The quantitative analysis study of Tissue Optical Clearing methods
for enhancing photon density in biological tissues :
Positive pressure, Glycerol injection, Laser pulse modulation,

and Tissue temperature

Changmin Yeo
Dept. of Biomedical Engineering
The Graduate School

Yonsei University

In tissue optics, when biological tissue is exposed to light, four fundamental
phenomena, light-tissue interactions, are occurred as reflection, transmission,
scattering, and absorption. Among all of the complex light-tissue interactions,
for the purpose of light therapy or diagnosis, absorption phenomenon has to
be efficiently occurred at deep specific depth in tissue, however, photon energy
cannot efficiently deliver to the chromophore at deep tissue layer due to
characteristic of highly scattering phenomenon of biological tissues. In order
to address the limitation, Tissue Optical Clearing(TOC) methods are
investigating with various modalities for decreasing scattering in soft tissue,
and therefore, for increasing photon density in deep tissue layer: Positive
pressure, Glycerol injection, Laser pulse modulation, and Tissue temperature.

In order to enhance both the light penetration depth and the light photon

density in deep tissue layer, this study suggests four independent methods and



a combination method, and laser probes including few systems for controlling
the parameters are designed for both the quantitative analysis and increasing
the clinical feasibility. = Four independent experiments and the combination
experiment with derived optimized control parameters are proceeded: 1) Laser
transmissions were quantitatively measured as a function of positive pressure to
the soft tissue ranged from OkPa to -30 kPa with -5kPa increment; 2) and
temperature control of soft tissue was also analyzed as a function of
temperature from 40C to 10C with 10C decrement; 3) Diode laser in pulse
mode was irradiated to porcine skin sample at various modulation frequencies
ranging from 5 Hz to 30 Hz in increments of 5 Hz; 4) 95% Glycerol was
injected at a local region of interested (ROI) where laser was irradiated and
acquired diffusion images right after injection; 5) The combination method of
stated methods was evaluated lastly. Results demonstrated that 1) average
increase-rate of peak intensity at -30 kPa was 2.74-fold at 200, 3.22-fold at
300, and 3.64-fold at 400 of laser probe, an average increase-rate of total
intensity at FWHM was 2) 1.37-fold at 10°C versus 40C, 3) 1.22-fold of 5
Hz laser beam versus continuous wave, 4) 1.81-fold of 95% glycerol injection,
and 5) 1.86-fold of the combination method. In conclusion, this study implies
that the effect of positive pressure, glycerol injection, laser pulse-modulation,
tissue temperature, and in combination method to biological tissues were

quantitatively analyzed for clinical feasibility.

Key words : light intensity, low-level laser therapy (LLLT), hyperosmotic clearing agent (HCA),
optical clearing agent (OCA), glycerol, laser diode (LD), optical properties,

integrating sphere, biological tissue, optical phantom
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The designed program for specific temperature control

#include <megal28.h>
#include <delay.h>

#define FUNCSET 0X28
#define ENTMODE 0X06
#define ALLCLR 0X01
#define DISPON 0XOC
#define LINEZ  0XCO

void LCD_init(void);

void LCD_String(char flash [1);
void Command(unsigned char);
void Data(unsigned char);
typedef unsigned char u08;

u08 bin, value;

int temp, heat;

?onst unsigned short TEMP_ADC_ARR[]=

232, 225, 217, 207, 196,

184, 171, 157, 142, 128,

114, 101, &9, 78, 68,

59, 51, 44, 38, 33,

29, 25, 22, 19, 16,
y 14, 13, 11, 10

void room_temp_calc(unsigned char adc)

char lp, no;
int low, high, dt;

if(adc>=TEMP_ADC_ARR[O]) temp = -200;
else if(adc<=TEMP_ADC_ARR[28]) temp = 1200;
else

no=0;

for (1p=0; 1p<29; Ip++)
if(adc<TEMP_ADC_ARR[1p]) not+;
high = TEMP_ADC_ARR[no];



no——,

low = TEMP_ADC_ARR[no];
dt=(adc-high)#*50/(low-high);
temp = (no+1)*50-200-dt;
?eatZtemp/lo:

}
zoid htoa(unsigned char hh)

Data(((hh%1000)/100)+'0");
Data(((hh%100)/10)+'0");
?ata((hh%10)+'0');

interrupt[ADC_INT] void adc_isr(void)

Command(0xcc);
value=ADCW>>2;
room_temp_calc(value);
?toa(heat);

goid LCD_init(void)

DDRC=0XFF;

PORTC&=0XFB;
delay_ms(15);
Command(0x20) ;
delay_ms(5);
Command(0x20) ;
delay_us(100);
Command(0x20) ;
Command (FUNCSET) ;
Command (DISPON) ;
Command (ALLCLR) ;

, Command (ENTMODE ) ;

goid LCD_String(char flash str[])
char flash *pStr=0;

pStr=str;

Yhile(*pStr) Data(#pStr++);

void Command(unsigned char byte)

delay_ms(2);



PORTC=(byt e&0XF0) ;
PORTC&=0XFE;
PORTC&=0XFD;
delay_us(1);
PORTC|=0X04;
delay_us(1);
PORTC&=0XFB;

PORTC=((byt e<<4)&0xF0) ;
PORTC&=0XFE;
PORTC&=0XFD;
delay_us(1);
PORTC|=0X04;
delay_us(1);
EORTC&=0XFB;

¥oid Data(unsigned char byte)

delay_ms(2);
PORTC=(byte & OxFO);
PORTC|=0X01;
PORTC&=0XFD;
delay_us(1);
PORTC|=0X04;
delay_us(1);
PORTC&=0XFB;
PORTC=((byte<<4)&0XF0);
PORTC|=0X01;
PORTC&=0XFD;
delay_us(1);
PORTC|=0X04;
delay_us(1);
?ORTC&=OXFB;

void main(void)

LCD_init();

LCD_String("Count temp");
Command(LINE2) ;

LCD_String(" ")

DDRE=0x03; //heater-PEO LED-PE1
PORTE=0x00; // heater
DDRD=0x00; //PD7 push button
ADCSRA=0x8E;

TCNT2=0x00;// Clear TCNT2
TCCR2=0x06; // E}o]™/FF+E 2 37 ol A



#asm("cli")//disable interrupt
#asm("sei")

?o
ADMUX=0x00;
ADCSRA | =0x40;
delay_ms(500);
bin=TCNT2;
if(bin>=12)
TCNT2=0x00;
PORTE .0=0;
§ORTE.1=0;
Command(LINE2) ;
htoa(bin);
if(bin|=0)
if((bin==1)&&(heat<=5)){PORTE.0=1;PORTE.1=1;}
if((bin==1)&&(heat>=6)){PORTE.0=0;PORTE. 1=0; }
if((bin==2)&&(heat<=10) ){PORTE.0=1;PORTE.1=1; }
if((bin==2)&&(heat>=11) ){PORTE.0=0;PORTE.1=0; }
if((bin==3)&&(heat<=15)){PORTE.0=1;PORTE.1=1; }
if((bin==3)&&(heat>=16)){PORTE.0=0;PORTE.1=0; }
if((bin==4)&&(heat<=20) ){PORTE.0=1;PORTE. 1=1;}
if((bin==4)&&(heat>=21)){PORTE.0=0;PORTE. 1=0; }
if((bin==5)&&(heat<=25) ){PORTE.0=1;PORTE. 1=1; }
if((bin==5)&&(heat>=26) ){PORTE.0=0;PORTE. 1=0; }
if((bin==6)&&(heat<=30) ){PORTE.0=1;PORTE.1=1; }
if((bin==6)&&(heat>=31) ){PORTE.0=0;PORTE. 1=0; }
if((bin==7)&&(heat<=35) ){PORTE.0=1;PORTE.1=1; }
if((bin==7)&&(heat>=36) ){PORTE.0=0;PORTE. 1=0; }
if((bin==8)&&(heat<=40)){PORTE.0=1;PORTE.1=1;}
if((bin==8)&&(heat>=41)){PORTE.0=0;PORTE. 1=0; }
if((bin==9)&&(heat<=45)){PORTE.0=1;PORTE. 1=1; }
if((bin==9)&&(heat>=46) ){PORTE.0=0;PORTE.1=0; }
1f((bin==10)&&(heat<=50) ){PORTE.0=1;PORTE.1=1; }
1f((bin==10)&&(heat>=51) ){PORTE.0=0;PORTE. 1=0; }
if((bin==11)&&(heat<=55)){PORTE.0=1;PORTE. 1=1; }
} if((bin==11)&&(heat>=56)){PORTE.0=0;PORTE. 1=0; }
y else PORTE.0=0;
Yhile(l);



Circuit diagram of temperature control system
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