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1.1. & Xo} AJA A ZH(bovine teeth preparation)

of #AF, Aot AT, Hof FAF, Ao} AT aga P FATHTE THAA &2 126709 dHdg

AAE HAAsATF. 4 X 3 X 3 mn «] A71E 7H AlEE AFE7] flal tololE = vl aaek AL F(NTI-
KAHLA GmbH, Kahla, Germany) o= & 382 ¢HE A28k, BE AEE 9 m A4 790l Sl oA
Y E=(20 X 12 X 7 mmol wiEsta 27 £33 @A (Ortho-Jet, Lang Dental Manufacturing, Illinois,
USA)oz2 mASPT. AHe WHEd TWS E3 800, 1200, 2 2000 grite] v} (SiC sand paper, R&B
Inc., Daejeon, Republic of Korea)® HH3}A An}slaitt.

o

1.2, 34 S49a 94

9
-
o
o
rir
rO
o
2
o
ffl
i)
to
ok
B~
il
ofk
oX
ﬂ0_1_5
a2
e
oX
ok
B~
il
td
N
== et
ﬂ0_1_5
38
Aui

= = of wsetAl wigstdTh(aly] & 1 3. w3, ATelA
A Wass 94sky] AAsl, 27 23] 717E 3 4(A3), 5 Ld(A5), 10 &
at7] &, WAbd mid4AE Aol FHel 2 X 3 m A2 Exste] A WEAS

g3 HAE AT 9o] WA, slo]==A] olu}elo] E(calcium phosphate tribasic, Sigma, USA)7F 50 % 3E
3lxo] 1= pH 4.89 %Lil LM (1 % Carbopol ETD 2050 Z&]¥7} Z3t¥ 0.1 M Lactic acid gel)S Azrstgd
o (White 1987) o]oJx] 50 ml conical tubeo] B3 £N2 40 mA T, AJAS JAHAA 37 T=E AAHH

%Lil—‘é 7y aateh AAE V)E B AT, 23] BAdo]l g F, 238 A Al
*—g/] x| Hol e &3 8NSs FTHFE AFHSTY.

HES 7ﬂLH_L. 7\]
* 1

L A
St A3(n=21) 3 Fet =3E A
(Active) A5(n=21) SR = ) R e

A10(n=21) 109 g9k 9ole $AWs
H| &g 13(n=21) 39 Eob w3l SAHMAE 109 B9 AP AL
(Tnactive) 15(n=21) 591 =ol 23w SFHAS 102 Eob AFsIA7] S A A

[10(n=21) 109 S¢F &3y SHUAE 109 EF AFsA AW A
1.3, M8y $482 94
B oApAE dgdon AFsE HAS At HFHHEAS RASA 9k, old], AT AH=9)
Ae Mg (x, x= 23 ZIbel Avigstadct. e viddeEs A2 138, 15, nm> skl oh
37 %1 3=,

WA AAES 3 e 2 % E3 JEF €9 (sodium fluoride, 99+%, Sigma—Aldrich, Missouri, USA; 9,050
ppm F, pH 7)°l 4 —rﬂ' AAAT. AAES A SHFE dolHEZ Al xde dol v §98 AA

3 & pH 6.89 <& EFN(0.22 % mucin, 30 mM KC1, 10 mM KH;PO,, 13 mM NaCl z2]3L 3 mM CaCl)ell 24 A3t
F A A7 5ot AR, o H4S 10 A7k B FaAsgon, Mo Mg Bi §o3 AF Hg
wrSo] wA Stk

ﬁﬁ

2E HAE A 5 AA HYgAS B5E] Yl ALE9d HAA vy E olA = (Extra Pure GRADE,
Duksan pure chemicals, Ansan, Republic of Korea)2Z AAsIATE. o] 4 TS 100 % A S% stollA Al
ASS YA 1. A9 28 & ol 2dS o] &3k 248 $AS = 1o JERRATT.

=Hd 2: AAAEE: B4 HIE Y5 AL Xol AlE AF

2 AFE dMdEty AT &8 Hdsle $UdS wol Msiglon, Al Ate] §lE FAIENA T H
AW gelE v Addgt. A%, w4, 2A = 93, BAFH VLA PHFe gl 120
el FTAT FHAATE 2 F2). B AFNAE

detection and assessment system; ICDAS) Z= 13}

A 2] @ 9 @7t A]~®l(international caries
= 20 sFslE HEW 7] wEA $-2] WA 9
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= AotEg xS, Xof T EAlstE AT 247 AAS dental scaler® A 4&“‘”’% e oF 2
< A4 FHRAES 9 AER o)gst AASY. £ ﬂx% TR AL BTt 4 WA fo FF}
EEo] AAHA & 6 /MY AolEL AHATE. FAEEC] AAE AHES 9 m 117:‘4 ?‘ﬂo] AT of
38 B5=(20 X 12 X 7 m)ol A7} =3¢ Eﬂﬂ(Ortho—Jet Lang Dental Manufacturing, Illinois)& ©]-&3}
o o R wEskgtt. Ad AMEEY] A7 BE AIHES -20 CTAdA ¥5 BAsSIH.

/\é‘&] H]—%

1. QLF =

QLF W2 34, AES 45372 E5A7)a, g5 A3 o AjEs QLF systemQ.2 A= HAHOR o]
Fo0]x t}(Ando et al. 2018). AAT FAHL tfS3 A}, WA, ZEFE vFe FE HAYS AH ¥H
of 60x 7t &8 Fo AAE Tw3| FIAIFT. o] -way syringe®] ¢45® F7|E 10x% 3+

3
Gl tHE 3 Fx). 3t @ g5 ¥, BEE AHEY] WA AR 33 AzlS QLF-D (Quantitative Light-
induced Fluorescence-Digital 2+ Billuminator, Inspektor Research System BV, Amsterdam, The
Netherlands)®} proprietary imaging software (C3 1.26, Inspektor Research System BV)= &33}it). A
ARIET FF ARRIES] # 2AES 7] & 20 AAESIT

X2
i} A o] 1] %] 3 golm A
ME] 23] = (shutter speed) 1/90s 1/30s
T-7d 3k (aperture value) 13.0 10.0
1S0 £=3] = (IS0 speed) 1600 1600
HA rlo]Z(pixel size) 2592 x 1728 2592 % 1728

2. DEQLF "4

DEQLF W2 Axd Al g3 A5 AFA7IL, AF A3 o AHS QFZ #Fsts 3gom ol F
oA ok, A FAHgLe o AMAE 33 SHS9 o g2 (DUKSAN, Seoul, Republic of
Korea)o] 1t] 19 H]j&=Z = 376 mg fluorescein sodium (Sigma-Aldrich, Missouri,
SA)E A7raste] AZEAT. ZE Al A oi*—'.‘xﬂé A AlAe]l xHe] 10x ¢ SHFAH(E 4 F

olojA, Al W EASE o 3 FrE AlH v, DEQLF W& Fdstr] di %
o| ’\]ﬁﬂ"é—iﬂ WAy ojm| x| &} 3 o|mA| wgk QLF A3t Ao w FYGSIUTHE 2 Fx).

o
FXE dlo
o
oo
= m oy
i)
[E—
8
- oft
= o
3 i
2
=
=)

3. A B Wy

Image-Pro PLUS 6.0 (Media Cybernetics, Maryland, USA)E o]&3}o] Alx HAS 4235} T).

=5 Y3y A ]jq'c—iﬂ 3 AR A WHEET QA H Aol B 39 (4 A0Ise
AOT0)EE AR (E 59 (A) =),

AW a0 G FEE U7 (brightness) & SA37] Y& RE dF o]nAES §-HE 3
A2AY oln A2 HESATHE 59 (B) Fx). §-HIE FHAAAY oju| Aol A i HEgde P 3|4 P
(mean gray level of sound enamel, MGLS)¥} <1-F-21WAol H 34 A E(mean gray level of caries
lesion, MGLC)E Z7d3titt. 4 WEde 71333 vluste] JAF¢A M rtgdgo] I ¥22 &
= olF® A #HuEshr] f8, MGLs$F MGLcE ol &3t A HEdd dish A2 Ae Fa 34 Fre] #
& (AG, BE AEIFAT(E 59 (C) F=x).
o71A, AGZE Fgreld A HEART $AHAY AUty Fe] o Wioe S 9vleh, AGF & A
 HEEEY AW A0 ATt Fe] ¥ oFmtie AS vt
olojA, AGE o]&3dte] HI/IHE(QLFSF DEQLF)o <3 wlAel 33 ®WMst(AAG, & AE3FHZE 59 (0)
FZ). AAGE B7F A T AGE Z}o](AG after assessment — AG before assessment)©]T}.
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2) AAg-2e AR 24

H7MH S A AAHESY FF AROA T PFS WEE A9S A0 of caries lesion(AOIc)Z, o F
G} vre gPo] A q 2 2m B e 9d9S A0l of sound enamel(AOIs)E AAEITHE 69
(1) Fx). AAGE 2EsHE HAH2 AT oA WAy FdstA FHHAT (= 62 (B9} (C) =),

SPSS 25.0 (IBM, Illinois, USA) MedCalC® (MedCalC Software Ltd, Ostend, Belgium)E ol-&3te] 4|85
EAES gt olsh AAAME 2 MFEEY oS SYEE -7 (independent t-test) o] g3}l
a=0.05¢] 9 $&F slolx AAEUT).

DA ppar®t Pl s TE3HAY E8 et V18 s TREE A AGY] EFFEE E18H7] A8l Receiver
Operator Characteristics (ROC) curved At=sbglal, o5 &3l ROC #AH ofe] g% (Area under the ROC
curve; AUROC), ®IHE, Solid H7bshglth. A& AAGE] A4 Z1-23 Fl(optimal cut-off)o= 274
Fol o], WEEst Folwe] Fol 1Y BRe wWel Fg AU

A6 1 9FeAHae B4 WA

AT Ao 22T EHE(MA ZHol9 AFste xF F+7)& Hrish] s =284 245 F33
gk, AJHEL A A7) (TechCut 4™, Allied High Tech Products, California, USA)E o]&3}od 300 me] F

2 ZAHUde. Aol FAZE 100 w7t 2 wzkx], Aol A FE 800 grite] vk (SiC sand
paper, R&B Inc., Daejeon, Republic of Korea)® <dvlatsitt. dA¥H o] Aok 100 w9} 400 wj= Edjslo]
AF3A 1 A (CX31-P, Olympus, Tokyo, Japan)< o]-&3to] &Hodsiqitt.

W 2Zlo](Lesion depth, Ld)E =43}7] $J8l Image-pro plus (ver. 6.0, Media Cybernetics Inc., Maryland,
USA)E o] &3Fdtt. WA 3 FoA HAi Zolg AN, S48 Zolo Fiahs ¥ah Zolo uxite
2 A&l

12 &4 2 gy 7 4 zlo] Hlal

(A5, 59.0+£11.3)& njgAg+
A (A10, 122.4+12.8) T3 H]ZA (110, 86.9+25.7)c) B3] 1.4 vf ¥ 2z

3 U7 23E WHAaSdA AT HEAT FF HAZo|(HA+EFHAP)E vust A3, FAH(A3, 44.5+
8.9)3 v AT (13, 45.948.7) Ftoll EAH R {3 o]t gt whd, 5 AZF 238 WAEoA A
(15, 36.7%£6.8)°l Hlal 1.6¥] B Z& WAagon 10 A7 &3l8 HAEA

XN R

# 3
g3lg 7|3 4 294 P-value
3 -24.1(6.6) -9.9(5.0) <0.001
5 -27.4(5.3) -9.0(6.8) <0.001
10 -38.9(7.3) -18.7(8.7) <0.001

AGE WFEe] FFF E B S FFFTEE AT (R 0.

P-gke =9 -4 (a=0.05)<S AHE3HY] H7HE A

A7 38 R OAG vuE A a3 B3 28 79 QLF(Quantitative Light-induced

_14_
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2.2 DEQLF WS &89 A= AL 497}

DEQLF e 283 SANABAA I T del FAE A oo FAHAT. SAEs Udq 23
QAaAe] w-2EA Gaho] RAHE W4S FHDRLFOR, o] PAEA ¥ W4 HIBADLFE A

= = b
AIFTHE 10 #=x). F B HARRbl 9 Hrt A5l dAeHA] ¥ A, T HARRE el daE
AF&-381Sl ).
2.3 71¥ W (Nyvad criteria)®} DEQLF WS o] &3 &4 E¥E Hlu
7]Ee -2 B FA4% 337}(Nyvad Alz=E) 2 Hrrek -2 o] 24 AElo] wE &4 DEQLF ¥ u|gy
DEQLF Wwle] #¥i= olefe] 7 73 #}.
71 WH (Nyvad criteria)S ©]83ty &% &dNyvad HAE(n=33, 100.0 %)lA ZADEQLF ® A E (n=15,
45.5 %)& B]ZADEQLF ¥4 (n=18, 54.5 %)l Hl&] O 2L EIXE Wk, ol¢} witi=, H|&AINyvad ¥
(n=37, 100.0 %) A= B]ZADEQLF ¥ A (n=26, 70.3 %)7} SADEQLF A (n=11, 29.7 %ol H&] ] e &
= Bttt 5 W 7F percent agreementt 58.6 %3 T}.

kel mm

X7
N (%) k4] DEQLF E34 DEQLF SHA (total)
24 Nyvad 15(57.7) 18(40.1) 33(47.1)
H g4 Nyvad 11(42.3) 26(59.9) 37(52.9)
SHA (total) 26(100.0) 44(100.0) 70(100.0)

24 Nyvad @ W14 Nyvads 7120 Azt E2b 7wk @wl 84 @7k0Nyvad Al=gD el PEEE $4 wuel
24 AHE onlg

DEQLF % #H]&4 DEQLF+= DEQLF(Dye-Enhanced Quantitative Light-induced Fluorescence) W oz i
A Wwiol 84 AEE on|d.

[e5

L it g
rrox

2.4 QUF ®H¥ DEQLF 9 1+ W4e] §33 W3t vl

1) 71 W (Nyvad criteria) o2 T8 WA v
g4 Nyvad H¥i= v]2A Nyvad W Alolo QLF T+ DEQLFES F8)sle] $-4 Wwie 27183 WH3l(AAGE
Hlarske] = 110 Yehl At 7]% W (Nyvad criteria) @ A AHES FE3F 22 olA EAdNyvad

H g dNyvad 7+ A AGCET £RFHAH)E vlagk A7, QUF Bl o)gk A AGE EAINyvad(-1.1£1.7)%} n]&
’INyvad(-1.3£1.7) zto] SAASRE folgh xfo|7b gl Wk, DEQLF #gel ogh A AGE €/dNyvad(3.8%
5.6)°] H|&ANyvad(1.0£2.5) vl 3.8 v ¢ =2 FhS BATH(P < 0.05, = 11 #F). & FGAAdA =
P < 0.05, #*= P < 0.01, #x+3= P < 0.0015 ¢|n]gc},

2) DEQLF o= ¥ Wa vl

<4 DEQLF ¥zt v)g4 DEQLF ®¥ kel QLF W% T+ DEQLF
W3t vlaste] & 120 YERQITh. DEQLF WHo = E4d HHE
b AAGETERTHADE Hlagk A3, QLF HHe oJgk A DEQLF(-1.1+1.7)3} ®]Z-ADEQLF(-
1.3%21.8) ztoll EAHOE fogk x}o]7} Oiaitd W DEQLF ol 94} A AGE E4DEQLF(4.146.3)0] H]
SJDEQLF(1.2+2.5)0 H]3l 3.8 v ¥ =2 #tS Holv AS g 4 AATH(P < 0.05, & 12 F=x).

Sa)ate] oA Wl 27E (A AG)
2ol 4] BAIDEQLFZ} H] 84 DEQLF

S48 AAG 3] W97F 125 < AAG < 1,659 Mol S A AG > 1.659) slel et A9 Wi
FHHET o} 27] $40] B4 FEE Wast o oEE Ao 43 5 n, AW AAG gl B9
AAG < 1.259) WSlel &3hs A3 Wae] BHBES ol 27] S0l MEY FeE Wast doly WA
A e Ao dE% f AT AVl 2e Ads Wael BAHE W A A4 AL AFR LT
HE 10 % U 20 & vielel 2t wslel ek QAge Edehs Ao 8w & v

4 F4e FH02 WY FF 71F(gold standard)o] GlE AAIM, BHHoR S4By Hrhgom
Ol A Z A

[e}
Nyvad system7} 17dollA AME-EH+= AS 1#ste], Nyvad systemO = -2 4ol F-d Xol&s o= Af
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=g
=20
Bovine teeth preparation (n=126)
|
Lesion formation & Group distribution
1 1
Demin. Demin. Demin.

for 3 days for 5 days for 10 days

| | |
1 1 1

Remin. Remin. Remin.
for10d for10d for10d
or : ays or . ays or : ays |:| ACﬁVE
A3 13 AS I5 A10 110 group (Ax)
(n=21) (n=21) (n=21) (n=21) (n=21) (n=21) D Inactive
group (Ix)
IT' | I | I_I_I
Assessment
|
| 1
QLF DEQLF
method method

Image analysis
|
Histological analysis

Statistical analysis

_20_



k1

&)
N

Human teeth preparation (n=120)

Inclusion criteria:

early caries lesion on
smooth surface

Lesion activity assessment (n=114)

|- (ICDAS code 1 or 2)

Exclusion criteria:
dental calculus (n=6)

Exclusion criteria:

Conventional DEQLF
method method

microleakage passing
= through a caries lesion
in fluorescence images

—— ——

(n=44)

Inactive yyyad Active peqir

Inactive peqr

k1

)

_— W

Assessment (n=70)

QLF DEQLF
method method

Image analysis

Statistical analysis

Dehydration for 10 sec

Sound caries

Sound

caries
lesion

lesion

Wet specimen

Sound

Caries
lesion

ZIHS3d 10-2023-0033908

Dried specimen
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N2
N

Dye penetration for 10 sec

Sound caries Sound caries
lesion lesion

ZIHS3d 10-2023-0033908

Dried specimen Dyed specimen

1
g
[§)]

AOI,, AOI of sound enamel
AOI, AOI of caries lesion

(B) Conversion to 8-bit grayscale image
& Measurement of mean gray level (MGL)

Fluorescence 8-bit grayscale
image image
Before
assessment
After
assessment

MGLs, mean gray level of sound enamel
MGL,, mean gray level of caries lesion

(C) Calculation of AG and AAG

MGL. — MGL
AG (%) = X 100
MGL

AAG = AG after assessment — AG before assessment
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(A) Establishment of an area of interest (AOI)

AOIs __
: F-:E-EJ‘:TS‘:“' AOI;, AOI of sound enamel
“ U AOI, AOI of caries lesion

(B) Conversion to 8-bit grayscale image
& Measurement of mean gray level (MGL)

Fluorescence 8-bit grayscale
image image

Before
assessment

After
o=

assessment

MGL, mean gray level of sound enamel
MGL., mean gray level of caries lesion

(C) Calculation of AG and AAG

MGL. — MGL
AG (%) = X 100
MGL

AAG = AG after assessment — AG before assessment
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EH7

h .
Active ppopr
" .
Inactive ppopr

EHS8

Example

Before QLF

After QLF

(8) | A5 | [ 15 | (€ | A10 | 110
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EH9
Example (A) | A3 I 3
Before DEQLF
After DEQLF
Histological image
(8) | A5 | [ 15 | () | A10 I [ 110

EHI0
* Kk
150.0 — [ atr [ pearr
% % %
100.0 - —
Hkk
[
—~ 75.0 1
%
© 500 -
Q
i< * *
—_— [ [
25.0 - I = =
0.0 =T — = %é
-25.0
A3 AS A10 13 15 110
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EHI11
20.0 A .
. Active . |:| Inactive yyy.q . Mean (s.d)
__ 100 A _
E\:
o 3.8
3 (5.6) 1.0
0.0 1 -1.1 -1.3 (2.5)
(1.7) (1.7)
-10.0 T T
QLF DEQLF
EH]2
20.0 A .
. Active peq e |:| Inactive peq e . Mean (s.d)
_ 100 A
a\°_
U 4.1
g 1.2
<] 6.3 E
0.0 - -1.1 -1.3 (6:3) % (2.5)
(1.7) (1.8)
-10.0 T T
QLF DEQLF
EH13
100
AAG
80
Cut-off
3 (Inactive y, a/Active y,\qq) >1.47
2 e
:E AUROC (95% Cl) 0.72 (0.60-0.82)
g 40
L P-value <0.001
20
Sensitivity 0.67
0 1 1 1 1 I
0 20 40 60 80 100 Specificity 0.76

100-Specificity
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EH14
100 |-
AAG
80 |-
Cut-off
Py (Inactive Dl:m/(I:ctive betiis) =251
'S 60 =
:'g AUROC (95% Cl) 0.68 (0.54-0.81)
S 4o
w P-value <0.001
20 F
Sensitivity 0.58
Oh 1 1 1 1 I
0 20 40 60 80 100 Specificity 0.80
100-Specificity
Ed15
Active Inactive
(porous surface layer) (less porous surface layer)
O O O .................. Fluorescein sodium =sesseeseueennn..s O O O
WO ) b
_______ namel crystal ...
Y= 1=0_1 ) )
O O enfpe Intercrystalline space =+ )
O o (- o & . - ‘\_)
Before DEQLF S
Lesion body ‘
I !
Sound enamel
v v
Higher penetration rate Lower penetration rate
=529 %96 b @
O (-) { )
o o O = {=) ( s_)

After DEQLF
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