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Invasive and non-invasive methods for estimating the optical

properties of tissue at laser wavelengths
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=Abstract=

To predict light propagation in biological
irradiated by laser, the optical
properties such as absorption and scattering
coefficients are required. There have been

tissues

various techniques for measuring these
coefficients. One method requires tissue
samples, often a slab of thin tissue,is
invasive, On the other hand, non-invasive

method usually measures back-scattered light
from a  subject with physical
interventions.  Advantages and disvantages
of using different methods are investigated.
A careful attention should be made in order
to

no

select the best method for a given
experimental

for

condition since, even either

or method,
accuracy is subject to governing models and
sample preparations.

invasive non-invasive
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oixx vt ofE Z&AAMZA Y FTLT A
3 3t #lolA Wol Ao oA HdHE
7b st A ol I 53 BA o wEt
t2A veiddh & S gAH ol H
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< micrometer ©¢ FEY EA|gt T3
HAojeldE 4 millimetert £33 = 33}
of weh ol M4 T BEH HE wg F
T2t A Aol dh

olEld JAHEL F4AS, AEAsY
anisotropy factors F3Ago] ol3le] ety
A 4 ey oAl gAjote] vhg dA
7180l Eth o] AFES s WHes
A7IAIE AMEEHI oy oA = W&H
(invasive) W3} v % F (non-invasive) Wt
L2 o] &A% ol&® EAHQ HI¥S
H PHE aMstaA g

AsH8Y

19700l KE¥ #ojAye] AAN HAntE
€ AFEEA A EYE ywEe RS A
&3t Woltt(l]. &A3EA = PARE
§ microtome$ & AF83te] 4¥] micrometer F
Ael sliceR2 wWES FHEFS] A3
transmission (T), reflection(R) & & A3}
TF Y (EE governing equation) & ¥o=
FA3A Ao e AJZT JgE Eo F
FALIE w., ARSI pQ B8 RIA TE
p p o FeE . JeEhEdl  inverse
probleme 2 ZHP3te R} T o= RE u,
g pE FIhe Wgelth dIRE HET S
7} Q&9 WA uldle] AYFHo T ufg A
2, RAMEE W& FYsHA st one
dimensional 2@& &% inverse problem®
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o] Yo 23 AL oJH AL Al S
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Munk3X -2 foward flux9} backward flux ¥ 7}#]
2 oA EREE ROIQT]. o BE 4
Ao FLErr 4UEZo) BEY wle H3
isotropic scatteringo] =3tE|ojo} 3} Ao
2 ol& I3 ¢y FEESA Argd A5
S ggith. de]  Fxrt Zojof wiE)
exponentialZ sl Aoz T3} Beer’
s Lawe {Hto] A9 Q& Afol 3] A4
T ¢ e ALE FLALY gAY 2¥E
4 Qdct. o5 W €0, EBr:YAG, Excimer o)A
7t olell &%t

Kubelka-MunkzX o 4] H#e T o] Radia-
tive Transfer Theoryth[3]. 2 scattering
particle = scattering centerofx] 3 wgF
oAl AAFgE Wo] IAY FTolA ojFA At
He7te YeElt phase functiond %83}
oJ# scattering particleo]Ar] Yojt= gy
F4 EFE vistr] wiFo Kubelka-Munkh R Th
o g% Edo|tt. o] Rl J&E& Fol R
I T5& 3339 A4S 739 9.

2} Radiative Transfer Theorye] ¥wt
e ob7tA| FHAIA] EIH7] W A
I dAEY  scattering AHxol wEhA
approximated solutiong T 4 Hbo ¢Qith
BlE EF A4F AR e HL AF$ first
order approximationol] &Js}e], 4tghe] Wo] ¢
oju= near-infraredo]r Aol HL:=
diffusion approximationol] &5l S F3l+=
RE E & AoH4]. BHA$LEL Radiative
Transfer Theory® HE 3l7] ¢34 Kl v
A3 wjRo] E3] numerical analysis$of £]3}
o F3tojof Fit.

4 ¥ micrometer®] gF& 579 MESZ o]
€ 3} TE At ¥ 2 1A EAHS
¢t ek o] FAlE = AE Wl ¥HW
B2 Wo] o}3F diffusion process7} of
Y multiple scattering mode® 4¢3 nY=m
el 7] oYt wEby AEL FASF 3RS
o] o] surface effect’} AfHox AHA
oF =g, E UYF FAL B one-
dimensional REYP ST ALE3}7]o] EAYHHA
o. o] Y FA9 AP BYAS) ghor
e 48 & Jdov, gRE FgAs g
& E2E Aol A HEg ojPA H
o. ol £A HAL $3te] asymptotic
method7} AQk= QTH(5].

X

AedA AN2F 94/12

& o8 FA9d HAEE  ESHsd
asymptotic valueE 3t FIA L LFHEof o]
235 Wolth T §39Y A% AE A
o In(D) 3ke sloped FIA =L 4= =
AE &=, muitiple scatteringe] Yojub:= *gF
L FAe AEIFN Y] one-dimensional B
dgo] EAA He RS A¥ dojeiolA
A 4 Qi) 4R phase functiond] &4
o= o]A4HQl A+ scattering particle
o] 3trl e MEC] HojoF sy ol ¥
A¥es BEys$h B4tk oebx o FAY
MEo] ¥t phase functiond SHT #%, &
AN ARE +HE we & TR F9
Hol B o] YHE )83l AL BF 633
nm S| Qo] FFASE 0.55/cm, ATAS
= 315.45/cm, phase function®] %< Henyey-
Greenstein formulaof] ZA3}H anisotropic
factor+ 0.945, bias valuex 0.0712 F#T]
[t5]. o e FHY FeAsd e
over-estimationst= FAY) |2 Avlg]E ©
Ae ALE HyZdn

A3 PHor= E3] BARFE F=A
g FAE AZDE AR WY S {FF
A 7HsAdel 3, e gL AL+ o
F7] o8l FEC) Yt T FHF T4 EE
Eol YEH, HELS T  glassgle]
interface FAE H oz HFdof Tt

v S A

B AEAA el 9%t F3A S SAwg
time-of-flight method®} frequency-
methodgo] AFFAH[6] H7[ME
spatial  correlation method®  coherent
backscattering method& A8t A} 3t}
time-of-flight method: ojA] impulsed
7vete] AAd UE A7t st §3%E W
Wolth, o] HHL ' EFFAS <« AAITA
47 o) e v FEsA &Ho)
HE Ae] gk o] B impulsed 713 F
back scatteringo] FHtjofl o] & xJ7ta} o] A H
#, Wol A7t slopes® RE] F2AS
& AAARAS, & (1 - anisotropic factor)
xFEA, & FF 7 Ak o] B #Holx #©
2o tigr WkAbE W 4 nanosecondd] ZE
Azl ¥Ego] Yojypm g ul® Au|yt Hast

A&

domain
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A HEL AZAFA Aol otk A=A
oo P W& AP oA A
JEHL Aot

frequency-domain method: Hleo] Fx}<4
2E s ZHSTA st Re] AT
ghabd W] FAZE=(OC AE), intensity
oscillation(AC &) ¥ SJAE &%}
ol olde A7tA gro] FeASY AAAT
A dFo] A& RE °l§ A= Yol
o Fags BE 9 MizolA 1 GHz 7}
HEHY 32 F9AI$Y #Holg A&7
YED, sources} detector geometrye] W& E
AT M@ & HAAEo] Ut

spatial correlation methodt HolAH%
a2 AR Weow  Eatste]  back
scattering®d W] E¥ =2  radial
distribution& &%3te] FIA4E FHsl=
Yok, o7]x+& cooled-CCD camerao] 23}
WHE AAstzal Foh o] HPH L effective
attenuvation coefficient, p.rS AHESA &
g 4+ Jot.  radial distribution of
backscattered light, Rd(r)& diffusion ¢

o s ofEligt Zo] RH¥E 4 AYTH[T].
Rd(r) ~ exp (‘L.leff I‘)/ r (1)
7]&2o] yHZo] Rd(r) & fiber} photo-

detectore] 23l &Hs=lW £ mn LIKS A
glofl Al distributiono] AH&slA] & A& o 31
2 detector AV Folok 5l detectore] H
g3 AXE BEEo| FHoloF 3= ofz|go] Y
o ol A+ (D& A§3te] 7hghs] &4
T e d 29 13 Zo] d¥AAE FATY
o}
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\SAMPLE

LENS WITH A
LONG FOCAL
LENGTH

CCD

MIRROR
191 CCDE
2E Mot s &3+

o]-& backscattering lighto 2
AFRA

4 BaAS S

10 11.0
8 -2.4/cm
_ 488/515 nm 1705
E {use the left Y-scale)
PO
= 410.0
4 4t -0.5/cm
.(:_v
[
= 9.5
2F 633 nm
{use the right Y-scale)
0 T T Y T 9.0
0 2 4 6 8 10 12
r [mm]
22 In(r’ Rd) &) &A g chicken breastS
HER AME. 2AIYL AUEq.

1% 29] 7% chicken breast& tjAo =
Argon laser®} HeNe laser& A& Rd(r) & &
? Aotk per = &K (1) ol curve-fittingAlH
Z}2t 2. 4/cms} 0.5/cme] S FIFYUTH o 7] A
FeA9) AAABA S-S 8=
Patterson[7] 5] AAZF HYPHL  computer
simulatione] &Qlof &% u} IR A}L35}17)
of Ui EAHES Aoz Wyt

coherent backscatteringel] o3F W&
o] constructive interference® o]43t ylo]
o8], #HolAWUE FARR A&s] wiygow
ATE L2 #9499 g Zdrg ATy o
Hjste] FErF A9 o] ol&th ojAL
coherent peakolglx 34| 4 milliradian 1§
o dejutr] wEe] AHE Fouixo] n]s}
B 33 H2 10° AT o] x| oA 3}
2 wWHew o] A:E  Wel angular
distributiong AH&sA 2AHE 4 Yok

coherent peak®] o] FFA ¢ A
Aot g YeE = AL Akkermans S
o] AASIRTHS]. A dHolelE o] Ko
curve fittingAl# A¢re 78 ¢ Yok 2
H 33 Z2 HEAAE o) Holxye v
Weor A do] £XE 4% gty &
3t

ARE dodle $HE AR ZAH
Bzt 19 4ol JEht dEd gdgdt 7 3%
of M=t Ae+ES FF3L olF HJEFE AME
dto] AEF gHe vl Fal g g B
o e o wEE F AodE ddo. 1
H 4oA 2do] AXE e F4AST Ven,
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laser

beam
collimator
Vv
beam (
I splitter
< <>
cco ya VLN \/
I < 7
‘ sample
beam dump
2% 3: coberent peak &% A
1.75
2
5 1.501
c
2
£
° 1.251
e
2
s
3]
£ 1.007
1]
]
o
0.75 T T T T T v T
4 3 -2 1 0 1 2 3 4
mrad
28 4: folA Yojr}E coherent peakdt &

33 u.—llcm, u,=31 4/cng @i o] (R
o8 mA)

ABA$E 31 4/cnolth. AFgFE] forearme] 7
S Aele] wet xtejzb Weol YAA F4AS
+ lem BF, AAZZALE ~ 25/cm AER
pebsTh

A &AuHe] A9 4%d e B
we} averagingo] 7] wjEe] ¥ 2o SAY
< Jeh7] BohE bulkgbe]l €tk Age] o
2 BeHA¢e] grol Wyl AL FES iAo
Argshe Aol vprAHT,

xR

BeAse] 2L HolMYe EIAE,
AHEPEE A3 4 Y= FLH otk
ey ol HhEE AMgst sk st
2AE o] gtk ABL U] e

SE R, T5E 3% BAASE Qe
el YUtk s AUT A FHTA o

i
2]
23

AledA A2z 9%4/12

I

= 79 asymptotic method7} W}E-3E+ ZHo=w
waEnh o] wE AFHY ElZFel ¥
A7t HE BE T AEE FEH ZE 2=
& ZoH.

B3 a3 Widde AH=7Asr dFEHA
o APFAEol B k. effective
attenuation coefficientitd SJHT AL
spatial correlation method’} ZE#}# ot} 1
gy Ao AALAHASLE EEls] Hs)
A F27H¥Y dF7F "Lt} coherent
backscattering method= Ao} Wo] Qoj}:=
o AEErt & ALE Y} gif
29 958 ol F&Eok A EE 5 I
€ RNeow woEt
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