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<Fig. 1> Laser fluorescence—based caries detection device. - - - « - .

<Fig. 2> ROC curves comparing the diagnostic performance of - -
DIAGNOdent pen, Smartooth and visual examination in
detecting occlusal and smooth surface caries in primary
molars.
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Aol-g-212 H AAFew s &3] et WA A ASow, A3
Aol 7 dwekA HekAl He  d3oltf(Kazeminia, et al., 2020).
AMARAZITFE H BHuAle] 2w A AA 5 A olst oF%e ok 42.7%7}F

Aokg-a e ABs gom, ol oldlold de] A AL R BE, 4Y

e
[UO

vk ol AEiabsld AR s FAAH] gk 7H ¢ St Aaska
9lt}(Organization, 2022). =W ZAlolA % 7 14 A o]8} Ao}AAde] X o}-$-2)
FHES 2011 dHE 20209714 A &Aoo 7 Zr)stal glow, $Ao07 Q1% A8

A ek A AP el 3] solv= FAlolv (Mo, et al., 2023).

™
e
X
1
iy
ot

Z|o}9-2lo)g}= AolA (Mileva and Kondeva, 2010), X9 %7
MAE& .3 A & 4 th(Mansur, 2020). FX2 $2& E=S {usk

Bk ol AFAE AN Fegolt BEs WBAA ol Hx

Wil #AH dFe & 7 Ut (Alsadat, et al, 2018). E3F A% g-Aouf o3

ol

A A A MBE AYES, 719A, 94 o] @ o] (Broadbent

(Broadbent, et al., 2005; Mariela Rodriguez Cordeiro and Jose de Carvalho Rocha,

2005) 2 %7] == XA WE(Leroy, et al, 2003)S f&3le] Aujz FEx vt
otUzel 7%5d FAl, oA wd ololu FrhAe 24 gFo g ool £ UL

Aotk (Losso, et al., 2009).



A= GFAel vl HEA Adold el FAE SFu Fr1Ast ARL vrol,
QA kA Al wWEA Q3= JhsAo] AtH(De Menezes Oliveira, et al.,, 2010;
Derise and Ritchey, 1974; Ten Cate, 1994). Thomas 52 AT oAM= 2oz

A =4 = FACA o FHAeA TSk, gl v o] vkgol

FoFstth(Srivastava, et al., 2024). AAMAAORE H FHES Hols fop]
25l %(Chen, et al, 2019), AAF F&H 2 W7t o (Anil and
Anand, 2017; De Grauwe, et al., 2004; Srivastava, et al., 2024) .

oleld Ao FxA SAw Wols]de FHepe o wANS W =4

S 7F wEA JPE o] A5 BN HEE FIHATIM, FAlel Lof @At

AAAAAAA BIS 7FEA 710k (Fraihat, et al.,, 2019). £3]
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Wilkins, 2002; Tsakos, et al., 2012), 4&o}¢] X3} 7|9 & o]oj#] <3S %8k

Gtk WA fA S sd @zl Aes) Avkeln, ¥

DX
bl
)y
Y
o



al., 2021; Mazur, et al., 2020).

I T BEo AgAola vHEFAR] M =41 dolA ¥ 7I§E FnjEo]
FE29 7 9lth(de Paula, et al., 2011; Jablonski—Momeni, et al., 2011). #o]# 33
¥ 655nm 3Hge] ol A FHE FAbete], 94 WielA ¥ ALl WIE

At deE 7INtew &b, ol ¢4 x4 U

N

A= £33 9 (porphyrin)

)
nug
i
i,
2
1o
ot
oftt
o
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7}l 7]<lstt} (Hibst, et al.,, 2001; Lussi, et al.,, 2004).
x4l #Ar]el DIAGNOdent pen(LF pen; KaVo, Biberach, Germany)-< 0~99
HLel FAR ¢4 AEE AEststel FAISH FHZoE o9k AR dYE

Z FY A 7iEEl Smartooth(SM; Smartooth Korea Co., Ltd., Korea) &
Agstegon, ZdvddreaddolE #Hxl Ao d3§ "HE& ARESte
TZ4 Zpol7t k.

SM & 2024 d9] w= FDA510(k) %<1 vt

flo
)

Aol e AulE, 7 Ad

el e AA A

o\

= T AgAelw, 53] fAel AL ksl g

AAAQ F7p7h F-Fetrh, s AA ZF AR Al xAbel A AAlEL 9l= cut—off



e GTAE Fow AAHe] Qlol, AeE U x4

2
-
BN
)
i
(i
o
Iy

O

A4 Agstr|ede A7 EAgE(De Menezes Oliveira, et al.,, 2010; Derise and
Ritchey, 1974). AAZ T2 FH A cut—off ol Ao]E HATh: A+
A3% B1E v 9lom (Rodrigues, et al.,, 2009), X9 & A3y &r7}
Aig oz wateE HoA (Ten Cate, 1994) Rt} ¥ WHEEE wtygs & Q&

$2 A AW ) go]l epHT od e §2 ¢4 27 A9 o



2. 47 A% 3 By

o] A= AA ey XFfeE Y dA AT =28 993 (Institutional Review

Board, IRB) &] &<?1& ol A& QITh(IRB no. 2—2023-0052).
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@A oldol e Ao}, o]de] %A ARE wWol 7|E FhEE] ox 250]
WAl x]o} advanced caries oSO ® H@AF X AHo] 1/2 o] I A3
A op-§-2 5o o] gke Ao},
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253 2AIdYE M3, 3—way syringe & 5 F o) AlFH 9 XI5

gl %S FHES A4 f9E 42 BEe] 1Y5ATH(Cho, et al., 2022).

2.2. AR ICDAS I & AHE3 41849 B7}

Al ICDAS 1T 7ol whel 3= vk sk o] 89 FriArt B Aoks
Brrstow, Brkhe YT hoA A =W ofelA o] FolFrt. WA
Aots H& AHAA H7ESE F 3—-way syringe & AFESIY] AZR AFHOIA g4
718k ek ICDAS 11 7] th& 3 gk

0: Sound tooth surface: No evidence of caries after 5 sec air drying.

1: First visual change in enamel: Opacity or discoloration (white or brown) is

visible at the entrance to the pit or fissure seen after prolonged air drying.

2. Distinct visual change in enamel visible when wet, lesion must be visible

when dry.

3: Localized enamel breakdown (without clinical visual signs of dentinal

involvement) seen when wet and after prolonged drying.

4: Underlying dark shadow from dentin.

5: Distinct cavity with visible dentin.

6: Extensive (more than half the surface) distinct cavity with visible dentin.
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0—12: No demineralization (sound).

13—24: Enamel demineralization.

25—99: Dentin demineralization.



2.4. Smartooth & AM-3F $-219 49 H7}

2 o8B 34 A FABA, TE ZHS AL A elA
delle= AFAFS] A He wel SM AR e H Ao
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0—10: No demineralization (sound).
11-20: Enamel demineralization.

21—99: Dentin demineralization.
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Figure 1. Laser fluorescence—based caries detection device. A. DIAGNOdent pen
device. B. Smartooth device. C. A green LED light represents a sound surface,
with values ranging from O to 10. D. A yellow LED light represents enamel caries,
with values ranging from 11 to 20. E. A red LED light represents dentin caries,

with values ranging from 21 to 99.



2.5. Micro—CT & A}&3% 24942 F7}

Micro—CT + WA ZolE H7istrl {1 nlgy Al 7| "% (gold
standard) > 2 &85 U} (Swain and Xue, 2009). A HAXo =AHS 95|
Micro—CT(Skyscan 1173, Skyscan N.V., Belgium) #A8]E AL&3¥ o, o3}

e 2ol Bo] FARYTE 130 kV, 60 pA, 4 T7] 2353 pm. 5

Micro—CT %942 NRecon AXEY o] (version 1.7.0.4; Bruker microCT,
Kontich, Belgium)& ©o]&3te] 3 =g oln|x] wtd=z AFAHAT AT

942 ICCMS™ (International Caries Classification and Management System)

=

2
ToEE ATIE UIEoR RSl fs ICCMS ZREZS AEsklth
ICCMS ¢ 72 v 2ok

0: No radiolucency.

1: Radiolucency in the outer 1/2 of the enamel.

2: Radiolucency in the inner 1/2 of the enamel EDJ.

3: Radiolucency limited to the outer 1/3 of dentin.

4: Radiolucency reaching the middle 1/3 of dentin.

5: Radiolucency reaching the inner 1/3 of dentin.

-10 -



Table 1. Integrated diagnostic thresholds for primary molar caries based on Micro—CT, ICCMS, ICDAS II and laser fluorescence devices

Micro—CT image
Occlusal surface Smooth surface

SM Smartooth; £X visual examination

ICCMS ICDAS II Caries
- - —— LF Pen SM ee s
Micro—CT Visual examination Classification
0 0
No radiolucency Sound
0-12 0-10 Sound
1 1
Radiolucency in the outer 1/2 of | First visual change in enamel
the enamel
Enamel caries
13—-24 11-20
2 2 (D1)
Radiolucency in the inner 1/2 of | Distinct visual change in enamel
the enamel EDJ 3
Localized enamel breakdown
3 4
Radiolucency limited to the outer | Underlying dark shadow from
1/3 of dentin dentin
4 5
Radiolucency reaching the | Distinct cavity with visible dentin D . .
entin caries
middle 1/3 of dentin 25-99 | 21-99

5
Radiolucency reaching the inner
1/3 of dentin

6
Extensive distinct
visible dentin

cavity with

(D2)

-11 -

[CCMS International Caries Classification and Management System; /CDAS International Caries Detection and Assessment System; L/ pen DIAGNOdent pen;



2.6. 4 ¥4

A B4 9 gy AL Windows € SPSS  Statistics 25.0 IBM
Corporation, Armonk, NY, USA) & o]&3sle] F3q&A . ZF %o} Micro—CT

G BAS ngow WA A A F o] dE AS

rr

el
=etE A OD I oAzt dyd 92(D2)8 F WHFE olistasiglth
FrAe w9 FEdeA, LF pen ¥ SM 2 DI 9 D2 o dig 7
A4k (optimal cut—off value)> 82 22 54 214 (Receiver Operating

Characteristic curve; ROC curve) 7oA Youden's index & 7|22, =9}

i

o] 9] go] 7k F AHor AT ROC 42 WA (Area Under the
Receiver Operating Characteristic Curve; A< FHE UolgE nlgo =
A ROC =AdellA AbEatsivh Al 7k g wileA =& A, @
DeLong A& &3 A% vlusdlet. WE, 5ok, A AEd #HA 9
cut—off & 7I£o=E MFA AHE EEdES 3 Axtstdr. A By 1
s, Solk, Agre zole digh FA14 FoAH> McNemar #HAS F3f
Byt T3 gold standard @1 Micro—CT ¢ ZF 2ok HbHol Ay Apo] g

ARGES H7kst7l fd FhelAw HAAES ARgeRela, AAEE B flE

Cohen's kappa #<S AH&E3Ith. RE 54 B4 #9445 (p—value)= 0.05

-12 -



F 79 M BAE FFAZE Aol AHEEHACH, SAE AW FoE wEgd
127 78, & 302 /Wt Gold standard & AFE¥ Micro—CT & 7|Fo=%
28] Zlolg Br7he A3, wgHelME Ad AW 41 A, Mg $2(D1) 53 A,
obd 4(D2) 33 Mo, Bl A AW 147 ), MFA 4 DD
94 71, otd ¢-21(D2) 61 ME A=A 2F ek o] wE A3k Table 2 of

Iﬂ_j]_?b_'_/\ xg X—]‘:;] ]_oﬂ\jr
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Table 2. Cross—tabulation of diagnostic results from DIAGNOdent pen,

Smartooth and visual examination by caries classification in primary molars

Micro—CT (Gold standard)

Sound ECI;?E;?
(DO) DD
Occlusal surface
DO 41 37 1 79
LFpen D1 0 15 7 22
D2 0 1 25 26
DO 41 15 0 56
SM D1 0 32 3 35
D2 0 6 30 36
DO 39 14 0 53
EX D1 2 39 19 60
D2 0 0 14 14
Total 41 53 33 127
Smooth surface
DO 146 73 8 227
LF pen D1 0 20 13 33
D2 1 1 40 42
DO 140 35 0 175
SM D1 5 49 7 61
D2 2 10 54 66
DO 125 25 1 151
EX D1 21 67 25 113
D2 1 2 35 38
Total 147 94 61 302

LF pen DIAGNOdent pen; SAM Smartooth; £X visual examination

- 14 -



3.1. TR NA HAQ cut—off %

ROC =44 Youden's index & # &3t wed 9 F&ANA D17} D2 e
gt HA 2 cut—off #he AFESIHH(Figure 2). HA9 cut—off #> wgH
D1 ©lA LF pen 4, SM 9 ¢l°om, wgd D2 olA+= LF pen 17, SM 19 ith
PeHo A= D1 oA LF pen 4, SM 8, D2 o4& LF pen 8, SM 15 =

A& 5 T (Table 3).

- 15 -
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Figure 2. ROC curves comparing the diagnostic performance of DIAGNOdent pen,
Smartooth and visual examination in detecting occlusal and smooth surface caries
in primary molars. A. ROC curves at D1 threshold for occlusal surface of primary
molars. B. ROC curves at D2 threshold for occlusal surface of primary molars. C.

ROC curves at D1 threshold for smooth surface of primary molars. D. ROC curves

B
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at D2 threshold for smooth surface of primary molars.

D1 enamel caries; D2 dentin caries; LF pen DIAGNOdent pen; SM Smartooth; £X visual

examination
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Table 3. Optimal diagnostic cut—off values for DIAGNOdent pen and Smartooth in

primary molars based on ROC curve analysis

Optimal Cut—off Points

D1 D2
Occlusal surface
LF pen 4 17
SM 9 19
Smooth surface
LF pen 4 8
SM 8 15

D1 enamel caries; D2 dentin caries; LF pen DIAGNOdent pen; SM Smartooth; £X visual

examination

-17 -



3.2. 1L, 5%, &L, A, vlL £4

Table 3 °f "§AIsH HAS cut—off #s ALt 7z A WHe WAE,
Solk %W AL+ Table 4 o Agsidiv. w@W DI oMY WHdEE
SM(0.974)¢] 7}& =3 EX(0.962), LF pen(0.952) &A= UEston SM o]
LF pen Bt} SAA & oA =%th(p < 0.001). 5°]%=+= LF pen(0.841)°]

7b o E=kod BAE S o2 9l d8 =+ LF pen(0.913)9]

—~

b

EX(0.874) Xt} FstAl =3dth(p < 0.022). wFgHA D2 oAEe wUHA%=s}
EX(1.000) ¢4l 7} %9k LF pen ¥ SM #e] xpol= FAA R {2&HA]
orortt kA, LF pen(0.811)9 W =E SM(0.738) Btk #F2aAl E=da(p <
0.001), Holx¢ AHFEE LF pen(0.967, 0.921)3 SM(0.976, 0.898)°]

EX(0.832, 0.850)®t ®BF FoA =4 el (p < 0.016). H4A

o

D1 elA+= WIZF=7} LF pen(0.884), SM(0.863), EX(0.854) 2% YEROH (p
< 0.00D), Bolxst AF=E Al 7FA Ak B ke SAHOE Folgk zpolvt
AATH FEW D2 oM wuAEsE Al A Wy o] BAA Aozt glslon,
5ol LF pen(0.995) 3 SM(0.995)°] EX(0.902) Bt} FofabA =% (p <
0.00D), AZxiE SM(0.906)3 EX(0.904)7} LF pen(0.831)XHt} &2l3H
=%H(p < 0.001).

A Fges AHdos yehds AxE ROC F4 3 WA (A) e

oA DI oA SM(0.981)# LF pen(0.976)°] EX(0.899) Xt} SAHC=E

-18 -



G018 =9dth(p < 0.001). F&EW DI A SM(0.938) 7 LF pen(0.937)9]
EX(0.873) Bt} fstA =4 YeEbStH(p < 0.001). 18t} wstd D2 9 HEd

D2 ol M= Al e e A, gk gbell FAIH R {25t o]k AT

-19 -



Table 4. Sensitivity, specificity, accuracy and area under the ROC curve (A, for DIAGNOdent pen, Smartooth and visual examination

Sensitivity Specificity Accuracy A,

D1 D2 D1 D2 D1 D2 D1 D2
Occlusal surface
LF pen 0.952 ¢ 0.811 ° 0.841 ¢ 0.967 0.913 b 0.921 *® 0.976 *° 0.982 ¢
SM 0.974 ° 0.738 ° 0.913 *® 0.976 0.898 * 0.898 *® 0.981 *® 0.983
EX 0.973 ¢ 1.000 *P 0.736 *? 0.832 ° 0.874 ° 0.850 ° 0.899 ° 0.982 ¢
Smooth surface
LF pen 0.884 ¢ 0.937 @ 0.874 2 0.828 @ 0.545 @ 0.970 @ 0.906 @ 0.902 @
SM 0.878 " 0.863 * 0.938 *# 0.841 ° 0.995 *® 0.690 ° 0.982 ° 0.904 *°
EX 0.881 ¢ 0.887 ¢ 0.854 *® 0.873 ¢ 0.831 ¢ 0.995 ¢ 0.921 ° 0.960 *

D1 enamel caries; D2 dentin caries; LF pen DIAGNOdent pen; SM Smartooth; £X visual examination

Significant differences are denoted by superscript letters within each column (McNemar test, p < 0.05, for sensitivity, specificity and accuracy; a nonparametric

statistical test was applied to compare A, values).

-20 -



Micro-CT & 7|£o=2 Xtk W¥yse] ddds gr7ishyl Sl 7holAs

N

#4747 Cohen's Kappa +w4& 3% 43, 2 A U2 FAH02 {23t
#AHAA S YEFTH(p < 0.001). Cohen's Kappa #< Landis ¢ Koch 2] 7]l

met s Al skt (Landis and Koch, 1977): k < 0.20 & 'of-¢ @&

N
lo

A X = (slight agreement)', 0.20 < k < 0.40 & 't& =9 AAXE (fair

agreement)’, 0.40 £ k< 0.60 = '3+ £+ YA % (moderate agreement) ', 0.60

< Kk <0.80 & 'H2 9 YA % (substantial agreement)’, k > 0.80 2 'A9

5 X & (almost perfect agreement)'.

@l D1 oA FrolAlE #S LF pen(x2=82.659), SM(x?=78.841),

EX(x2=70.975) °]2ltl. Cohen's Kappa #< LF pen(k=0.806; #¢] ¢r=# 3t

AA &), EX(k=0.732; %2 59 4AE), SM(kk=0.444; 53+ 59 dAE)
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Table 5. Comparison of DIAGNOdent pen, Smartooth and visual examination with

the gold standard: Chi—square test and Cohen's Kappa values

% ? (Chi—square) k¥ (Cohen's Kappa)
D1 D2 D1 D2
Occlusal surface
LF pen 82.659 82.410 0.806° 0.803%
SM 78.841 74.630 0.444¢ 0.756"°
EX 70.975 44.820 0.732° 0.522¢
Smooth surface
LF pen 175.089 126.630 0.761° 0.597°¢
SM 169.194 180.303 0.748" 0.752°
EX 140.615 139.441 0.682° 0.653°

D1 enamel caries; D2 dentin caries; LF pen DIAGNOdent pen; SM Smartooth; £X visual

examination
All chi—square and kappa test results showed p < 0.001.

Superscripts indicate the interpretation of Cohen's Kappa values according to Landis and
Koch:ag = 0.80 = almost perfect agreement, *0.60 < ¢ <0.80 = substantial agreement,

¢0.40 =< k¥ < 0.60 = moderate agreement.
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ABSTRACT

Valuation of the Caries Detection Performance of Smartooth

in Primary Molars: An Ex Vivo Study

This study aimed to evaluate and compare the diagnostic performance of two laser fluorescence
devices—DIAGNOdent pen (LF pen) and Smartooth (SM)—in detecting occlusal and smooth
surface caries in extracted primary molars. Using Micro-CT as the gold standard, the study also
sought to determine device-specific optimal cut-off values and assess their clinical applicability.

A total of 79 extracted primary molars were examined, comprising 172 occlusal and 302 smooth
surface sites. Visual examination (ICDAS II), LF pen and SM were used for caries detection.
Optimal cut-off values were calculated from receiver operating characteristic (ROC) curves using
Youden’s index. Diagnostic performance was assessed through sensitivity, specificity, accuracy,
area under the ROC curve (A,), chi-square values and Cohen’s Kappa coefficient.

For occlusal caries, the LF pen exhibited the highest specificity and accuracy, effectively
minimizing false positives. SM, on the other hand, demonstrated superior sensitivity and A, values
in detecting early enamel lesions, indicating its strength in early-stage diagnosis. For smooth surface
caries, the LF pen was effective in identifying sound tooth surfaces but showed limited sensitivity
for dentin lesions. In contrast, SM achieved high accuracy and Kappa values for both enamel and
dentin caries, suggesting its utility as a standalone diagnostic tool. Notably, all optimal cut-off values
derived in this study were lower than the manufacturer’s recommended thresholds, underscoring the
need for primary tooth-specific diagnostic criteria that reflect their unique histological
characteristics.

The LF pen and SM each present complementary strengths—specificity and sensitivity,
respectively—and may be selectively applied based on lesion type and diagnostic objectives.
Particularly, SM offers user-friendly features such as intuitive visual feedback, digital data
integration and disposable fiber tips, enhancing both clinical practicality and hygiene in pediatric
settings. These findings support the development of diagnostic standards tailored to primary teeth

and provide empirical evidence for the clinical application of SM in pediatric dentistry.

Key words: Primary molar, Dental caries, Caries detection, Laser fluorescence, DIAGNOdent pen,
Smartooth, Optimal cut-off, Micro-CT
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