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A7 BE 0.52 WA 0.729 &
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Ao} Al tiste] w3} o lojx], WP} FPaFo] LED7F H-2E QLF-DE o] &8l thee] o
A7) 1.elA Fulgk Al gk wa AR} g ARLS #Zdeklth: WA AR SS 1/60s, AV 13.0, 1SO
1600, &34 A7l SS 1/45s, AV 9.0, 1S0 1600. & 2= A7]9] AR o} uy] A oj= A A|H o} &
W 9 Xo} thdd] whate] WAl Abd 2 Py ARRS #G3 AnE yepd Zlojth, o] F omx] | T2
(image J program)< o]&3le] ZF ARRS Hel& 3 L 39A] B uiel o] Yo BE Ime d¥ow A

A3slaL CIELAB X5 AU},

gk 23 (Raman spectrometry)$ ©l83ke] 471 1.l Ul Aol wlu A Ape] dhste] % o] ek
ol Aokl J¥e BAGUT. E bo] vehdl whel o] Qojxl ehwr IYLE Fako] oo ¥rg W=
A9 FE(intensity) & ST 5 AT, ek, BA) 105 AAo] WE FEE 543

wet 1o

g}
_‘?_
o 7= 93
at
g}

#E Hudg 4 9o, 53] /M 52 AEE YehE JAE 1 FROAME ZHEE e PN 2
W g3 flolElel FI X 52 4E 5 AMY. I 2= = 63 i, o]ul RRI(Raman relative
intensity)¥ F7]1% AXRE Y, FI(fluorescence intensity)s WHWHa =4 A ghgro A YegyE 52

3 gy Exor FI|-f7] ¥ H o] ~(organic-inorganic interface)E 9udln, ol FI|EF} {F7]Eo]

gt oz dAdxo g HES oust), dk, %= 69 2ZoA FWHM(full width of half maximum)o] &
7Febe A, & Fo] FolE A2 ALY ZolA= AE 9v]gitt.

471 2,004 Hol ulal A AlH dsle] WAl A}z "l @ ALl o ZRE Aol CIELAB 4% #3} 7] 3.9
Aozl gyt i B4 A9E vlwste] 1 ARE sbr] & 1o JER Sl
F 1
WHedd mroA 2w 259t CIELAB #hel A 27
V1 PO437 V2 PO437 V4 PO437 C03 FWHM FI
Hl 28 }\]_x]
L* -0.094 -0.168 -0.113 -0.023 0.131 -0.084
ax -0.030 0.055 0.105 -0.115 -0.051 0.246
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g Azl
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b 0.087 0.293x 0.228 -0.134 -0.433%xx 0.450%x*
o] AFAISE, P<0.05%, P<0.001#x, P<0.00Lxxx*

71 E 1A B vkl o], WA WAge] Azxuths FollA Xofe] i FAHoR {5 &
] I AR A 2oe] A% (yellowness) (bx)= HFA o] AAE

FWHM(r=-0.433, p<0.001) % F7|E-F71E AEHolx A& eI FI(r=0.450, p<0.001)<}
! A HF ARS S HREY AR, A4

= = [¢]
2 RE-R71% QB AT FFT & Au, oF olgde] Ao} vy AAE 95T 5 v,

5. o} v | %o] s}
271 1.elA Aotg Hakstariedl FAAA 7= Ao R Xof nwg Alggh Fof xJofo] Mz FF 9l P W)
5 Felstar v 2 BAEgIY. 1 A3 = 7oA YERH vRe} o] o} ww) o Mz} Holx|= wisghe} o
A AA Fgo] o] FhA = RS AEET ¢ YL, Holo] A G ®IeeE AE 0T ¢ AU, w3
Hgd mHoA Xop wjw A, o gnt =g vlwely, 1 ZAdE = 8 YeRL. ¥E& ALt
(RRI/FD)& &3l Ao} ww Aol ulste] o} wjw) & F7]& Wt Huke= FI, = F7|&5-f7]& QlE#Ho] 27}
53] gasld AS FAsieh. Ee, QUF 33 9 gy 248 S8l o v % w3 Fk(fluorophore) o]
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* 2
Aok WM % ARRI/FISE, Alx, Aar, Abs Gohel 4 97
w4 A7) 2% A3
r p-value r p-value
AL -0.113 0.362 0.207 0.093
A -0.249 0.042 -0.279 0.022
Ab* 0.098 0.429 -0.330 0.006
slol & 4 7l

Ao} ww Fake] dlE WFS AWHI] stel, 47] 2,004 Dol AHe AwelAe] WA A 2 B A}
el gloA AR ghe EE37] AT MRS £AS ARSI, ol 5] 4 25 o)

—

2 2]
AEx= =0.274XWL* +0.615%Wa* +0.916XWb* -0.316<FL* -0.852XFa* -0.195<Fb* +18.440
7. WA ARHO A AR ZES 3 2] A

WA AR WYY AR BEE o8 4] 4 29] Ao} vwl fx} of %
A WA RS ol gl ABs g 3] 9@ 4 3e vheat 2k

[+ 3]

o

ot

=S Hashy] 9jske], W=

AEx= —0,278 XWL* +0.253>%Wa* +0.569><Wb* + 21.700
Ao mu Fate] olZe] AEw

Z71 6. B 7.0l dolxl AR« gkt AA Ao wEl gake] g AAE EAste] 1 AdE &) £ 3o yE
WA

* 3
R RZ F p-value
2l 29] AE# 0.607 0.368 6.020 <0.001
2] 39] AE# 0.508 0.258 7.550 <0.001
R: Jlole= 4w A% R: A4 AF

A7) % 394 B ulel o], WA AR "l &3t ALzloA Aol CIELAB S EUZ 4 225 doxd A
Ex gkol, wlA AlwkS o]fsle] Adojxl CIELAB g EUE 2 30823 E dolxl AR+ ghol Hlste] mloj= A
B AS®R 2 AF ARER)E 1% SReH, F A4 ) aveh AAe we A8 B YEe A
S B 5y

9. WAl AW = @ AR wkS o] &3 x|o} uwl Fujo] o=

Al Al e g AR ZhZel A Az o E) ghel ARx 9F Xo} wiwl Wz} Az w4e(Lab) <Fo] A #AAS
=9 9% 100 A8 Aoz Yeld Aolth, &= 99 wlAl ALHo| A ARxe} X|of wjul A Z} Az wgeele] A
3 g fAorE they 7

Fom 7z} o] Abdkie] FAlE ulelm Al Whx gk (AEs= -0.277 XL+ + 26.091),
Wa* ZF (AE#=0.093%a#+12.025), Wb* ZL(AE#=0.610XDb*+7.444). E3F, = 102 8F A7) AE«9} o}
uly A b Az odAgele] AP A4S v gon ] 7 THe] Agubio] MAIE wkel b FLx (AE#=

H
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-0.060X<L* + 14.205), Fa* (AEx= -0.049X%a*+14.205), Fb* (AEx= -0.098 Xb*+13.021).

A, = 99 WA Abe] Az (WL, Va, Wb) SolA WL, Wb—t— 7z

-0.373 (p=0.001), r=0.353

(p=0.00D) & FeJ3k A& AAE Holxl AR, = 109 FF Abxle] » % (FL, Fa, Fb)&= rolgk 43
AR weld Q. e BT ] K s i ol W A 9% e Tae o
F 89 e WA AwoR o3 weut I AS @ ol g R Ao} vy Evte] 4w

o] 11% 4= Act.
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EH2

= Digital image acguisition using QLF technology before and after tooth bleaching

Buccal surface

Whiteimage tluorescentimage

EH3

= Color measurement from QLF images

Huarescentimage

Cross-sectioned surface

OLF-0 Bilaminator™

omn

»  CELAE weare computed in both white and fluorescence images using image J progeam {5ize of RO 1rmmid

+ € Thered spot;
buccal height of contour

Enamel

Dentin

<lllustrated cross-sectioned surface>

=

+  Normalized Raman spectra

2o Inorganic components
0z T
POV,
. l
= Phosphate -
| Organic components
e >
oy PO, V, e |
B o PO, V. f
B - l 1% carbonate | Amrdg m CH Amide |
= & = 3 4] \
e 1 I i "l » T \. "
- A 3 i T
- “\‘\».,I ,“ ] /."\ F \"l
bl N Mttt ' g P QT WUREY o N,

Raman shifi (cm)

a0 cea 250

1800 1630 0
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EH6

* Before the spectrum is baselined
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R s RO [
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Raman shift (em')

x9H7

| Comparison of white-light and fluorescent image before and after tooth bleaching

PRE POST PRE POST

ZHS8
| Comparison of Raman graph before and after tooth bleaching on enamel surface
‘ I;T'I:I X —— Baselne
| - Adfter tooth beaching
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= | !
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d ° Y=-0277 % X + 26091 MW= 0095 x X+ 12028 a O Y=0610 x X+ 7444 o
pel0n) (=0031, p=0.3%4) (r=0.353 p=0.001)
a e s
s e = © o
e s M P .
o o o e
. “ a ® o . -
o - W &
v e - . . 2 L
we] © ow " L ™ @
005 0w :: . L
(e @ e = 4 a
o o e
P o e ®
T I " o Co o o o 1 1 3 T R A T 3 D
WL Wa' Wi
=10
L o Y= 0060 % X+ 14.208 V=049 % X+ 1L33E 7 V=-0098 X X+13.021
(r=00063, p=0.305) (r=-0.027, p=0.413) [r=-00041, p=0370)
e e ol
: L © 2
o P « P s
gl = » o ® .
© o
° ° . ° ¥ °
o] N " P ]
- o
L1 | L= L =
. @ a a
E) = & o€ o En o+ T B £ T & ED 7
FL Fa" BB

| The result of decision tree

[ L* in white-light ]
(Is toath looks bright color?)

< 52.8 [no) = 52.8 (yes)
[ b* in white-light ] [ b* in fluorescence ]
(s tooth locks yellow color?} {Is tooth looks yellow fluorescence?)
<8.8 (yes) <105 {no) Memeee > 105 [yes)

. ' i N R % ¢
i Moderate | High | Moderate |
! efficacy ! efficacy | efficacy | \
| A RIS R sm—————— e
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