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ABSTRACT

Objectives: This study aimed to predict transitions from low/moderate to high/extreme caries risk among adolescents using the
random forest (RF) algorithm and identify key contributing factors following a CAMBRA-students mobile application intervention.
Methods: A quasi-experimental design with post hoc analysis was applied using data from 181 students aged 10-14 years. Of
these, 23 (intervention: 15; control: 8) experienced an increase in risk. The RF model, built with 500 decision trees, was trained
on pre-post changes in risk factors, seven protective factors, and four disease indicators. Class imbalance was handled using
Synthetic Minority Over-sampling Technique (SMOTE), and the model performance was evaluated through cross-validation based
on accuracy, precision, recall, F1 score, and area under the curve (AUC). Feature importance was assessed using permutation
tests (p<0.05). Results: The RF model showed strong predictive performance (AUC: intervention=95.7%; control=99.7%). The
key predictors in the intervention group included AR1 (frequent intake of fermentable carbohydrates), AD4 (tooth restoration
within the past year), and AR4 (no use of oral hygiene items). In the control group, AD2, AD3, and AD4 were most important
Conclusions: RF modeling effectively predicted the increase in caries risk and identified distinct predictors for each group. These
findings support the use of precision-targeted caries management.
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A R20] MY AL, TS, Aol 5 Bl 7 B4 71 S 22 WSt X|oh A 'Y 7ke] el 2Rlo 2A 9] Roloh AukE o
skt 3] 2| WAl o Hghes SAlol = dasigl o tixstolie S7Fshe 237t Uttt 224 CAMBRAE 2 9132
At AR &, BT Rlof tisl] Hetd M-S Foieh o & T ehitsto] dare}Fel 25| ool wREE A2z Mg E o] itk
o|= Qlal| M4 7ho] AgoAlgolut miehy S Htgsh] of2lR 24 AIS 7RIt Bt <l 2910] FAlol AkgsiAL £ 2119
Z3ol| ek A1 2y 280 2A| EetAl= 7B-9olls, CAMBRAE °|& 53H 21l 2rtgrishA Hof 71Ql &3 ool HAIE 2
5ol Az 2208 A48 & AR SPYL 2|oke-4] flFo] ARFels 4 Aol Ueh] e skl on o]= 7]E 94 e 2R
o ehpho 2= AR EA] oh2 lo] EARE AR 4] A9t B 201913 tdARE X|ok-A A 7Hs/dol ot A i
o] Algeolle E-otal, T2 28 £ -4 fiddo] SRR tdAtel] thsl] A5 2490] o] Foi Hi= it ¢4 Hfdwe] Mgt Fd= 2

oh g sp o2 ek st At T 201 4] HEH BAS o), ti 24 L /A 714 %%Ol aaei 71

s AR, T vl 7] S 94 o3l Z8Elel $om(67], o] F WP EelAE (Random

forst) 712 W4 7 5215 W3Sl R4 SR8 AR 4 Sk Hol] 94 918 Aol 7Iofohe 72 2918 Balete o] 4

hek. 53] CAMBRAZF 1t 4 Sl 1A% T AR B 2912 wlolat 4 917] o] 9.4 2ol 43 HEE chyAlel =
K Ao RH, P BrhRIsiE T JUst oy HeF £ 9l 2712 vlaig 4 gl

BTl 7]ute] AT AE AMLFE WA 2T, FAE B4, o2 H7 A Sol g iullg], thel AYERS 23]

A] ZobollA 2} 2-g-of AL JITH9-13].

B 9], %81 5110], S8 2 A R111] 59 oS 8% ol &8 whJlom, 4

ool A &= 2|5 2H1 ] 2*1] 0}54 T*—.‘ PGTxIok{13] o3 5ol -8t
ofo]l £ A7 P23 thko 2 3 CAMBRA 7|54 2] Z2 13

24 ggo= HYst, AYTAAE 71U B3] 94 Y= 3ol 7lofd
CAMBRAS] 7ol 953 34 12k Akt 324 A17] Aol 71l 4 Sl 22 nfistast gk

Y

o

LA
2 A= 2 F5Y(FH0-144) 2 tid o2, CAMBRA-students 2HF ol Z2j7o] A& &85t L2 5] 48 & 94 9 4-5F0] =
710 A1 = - FA T 19 e 209 0 7 MR Al E BASHL, A5 ol 9= rIx] 291 15| floh 4238
= ic}. A= CAMBRA-students 215 7iQ] & 4] 9JFo] 715t ARRIE SAICE SF ARZRA 7]9ke] FAFH AFHA quasi-
experimental study with post-hoc analysis)0|t}. X|oFe-A] 2 Z7tol| P v|*|= 52 221S BAsHL, of =77 Sl
of mAlEd dare}E 5 ohel sz AE S A 8513ieh s 7S B3l xIoke-A] 3 e 2% of o] tfgt SRy & 5oL, W
2T BAZ YO RH 2 7] 291g nfelstala) sigitt. At ATk A& 93] e] 521(IRB No. NSU-202304-006)
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ol 8 ) PmolP QhpES Wsd
F A o2 AR Eolat syS mAsIth SR tha e B Belz Bae] usiginh. A golARe B 10-14410] 2355
o, BeI3} 25 0] A EIS W AR U Aol ol 4 S SIS coR ASIsIch BAEE HeA, 52 67

4 oyl FAF =2l o2k A Qfskith. AT A = Grpower 3.0 285101 F-2l4= 0.05, &=271 0.5, @Zéa 85NE 7R
At 42 77, B 154 0 = AFESRiT Aol wet 2006(14]9] EEHES d2sio] F 184S BAlSI o, S § 3
o] & gEoto] 2JF Fojahs AT 899, iR 927 0 & F 1817 0] X|of-Ale] g 5Ho]) ﬂoq-a}oﬂr:} CAMBRA-students °l&

gAloldS ol&sto] dEEANe AR AFThdAe] 94 YIF=E Frisiglen, SAlZelAls Qraycam pro (ATOBIO, Seoul,
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Republic of Korea)E: 0-85F 77373 AL EFBEH| S AL EA TR 522023 62 FE] 2024 597H] 197 35131t A7oh/d =t 5 A
7 4] A= A Y e SO Aol Y] = 293 0 & A Rt 2 F B4 ol =, Sl 159 =
- 8o st

3. e
5 Q70N ARG W4 3 2ob g 94 91 ET{15]E 71902 CAMBRA-students ¥ 53} +7si9lon, 2 22
A2} PFANE Sl ARSI o] ETE 5 207 B0 s, W X 42, 9922 92, HE R0l 7RYOR PYHLY,

ol

2}
a7 epdltE A, ofe B8 ot AT, 51 18] ofsh AL, ‘e 8F AR o

meelch B5 el B2 23] o4 2
AXOF AL, HT 671 o] U] Bk BRI £, 0.05% REHIES SN S AL, ‘SRIHNY 74 FFA MY, T AE 4, 4

21 Efol7]s, Al-20 4] BB EAf S0 Ay,
2 Qo AY LA BAS ofa) S8 2] v 24 1 Aol e istere 71 E 0 2 14T % 207He] o], 2AlH 0
2913 2.9 WSl ARI-ARY), 25 ) WSRK A PI-AP7), 72|30 2| sk ADI- A D422 TAEIQIc 54 w4 Highrisk_
ransition © 2 B E|Ro ), ol AR 94 AH = A91E i F9lF ol 45190t ALFols 9% T 2@ Eo R W of

2.2 0] WA(0=H]HE, 198D 2 Aolsisich

4, Ntz

2 AolA HPZAE BA AR Al A o FdolA 1o ® A AR 47t AiE g Hof A 2+ (Class
imbalance)o] £x5}31 1L, o]0 ute} 2l Sh4o] MRS HA517] )5 SMOTE (Synthetic minority over-sampling technique) S 2}-8-5}
of A4 Fefj2o) ot ZEEE (Over-sampling)= 4=45HATHI6). Python 719k} Google colaboratory 2730llA] m4lel'd &7 71l &
HaYAE A2)ES 2-85}0] 2|oke-A] 19JRlTt 22k of fof tigh ol S S FE5ITE B 35 Alolle oS g et Bl oA =
HE 9l 5 50071] QJAFAZ E 2](N_estimators=500)5 7|RFO.& 8h5-2 434513l o H, 7} E 2)i= R EA E ) ME(Bootstrapped sample)
= E8&sto] TR &3k 7t e e o] 79 7|2 FAR| 2 AMeEE v 3 Foll 7MY H A ) 2 205 AFs 08 EEshE AL
2 AAEATHI7]. BEe] oF -2 §HE wabdS2 Foll W7kl on, 7t vhEolA] e (Accuracy), A& (Error rate), HEE
(Precision), 2&-&(Recall), F1 4(F1 score), 12|31 AUC (Area under the curve) 52| £& A5 A ES AHESIQITHIS). B4 £
(Feature importance)= 7t §Hgol|A] AFZE 712 =25t & atslo] =&ai3loH, of= g2z Z A7 gto] 10] =
TE sk ko 2 AR ITHIT.

S BA2 AT 20 & o] A 0 g SaiE|glom 7 o] o5 A5t @ F 2. A9l 107 Bi4x(Top-10 variables)=
AlZ¥alsto] B 2SI

CEo], Mol EAIA foA4S B7I517] 9I5H] Permutation importance 7|9H] pvalue £44-8 2712 AAJEIIL o] 2 9J5) 4
4=l Highrisk_transitiong 72| 2 G (Shuffling)sto] cll&2oll G vl Y= /dEle] #1722 (Null distribution)E 48/35HL,
7 Hi<eof| gt & =5 5003] B S7513ict. o] 7k ji4=o] AR 58 = ZHObserved importance)©] #F-23E WollA] XFA|5h= g th4
A& 71E0 ' folgES ARSIt 1>,
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Data Import
« Load .sav file
+» Compute AR, AP, AD

Define High-Risk Transition
* Low/Moderate — High/Extreme Risk
« n=15 (Intervention), n=8 (Control)

Group Classification
« EC:1 (Intervention)
« EC:2 (Control)

Handle Imbalance
* Apply SMOTE

Train Model
+ Random Forest (500 runs)

Evaluate Performance
 Accuracy, Error Rate
« Precision, Recall, F1, AUC

Calculate Importance
« Mean of 500 runs
+ Normalized sum = 1

Permutation Test
= Null Distribution

Select Significant Features )
« Compute p-value < 0.05 €

« Based on p-value & relevanc:

Fig. 1. Random forest analysis procedure

5. X2=2M

270 A2 IBM SPSS Statistics (ver. 29.0; IBM Corp., Armonk, NY, USA)2} Python 7]te] Google colaboratory 3748 &85
2Asi9Ich A2t thze) 932 DMET index M+ vl wsl7] 98l v] 24 779] Mann -Whitney U A4 AR5}k AFd 2
Al R A9 = Sl oY ARl 1Y = 290 R A Mgt SIS tider I Ul A A% Wt 24
Wilcoxon signed-rank testS AH85to] AFA-AFSgE 7he] EAIA 8082 A eIt 2 7 AFSgE vl Al AbEZtol] S0]5t 2jo]7}
DMFT index®| 7-9-0lli= Quade’s ANCOVAE 2850 ARIZES SIRF0 2 BAISH & o+ 7 2tol & HASIL). v, Apdgh 7+ 52 do)
&EH SHS (Simple hygiene index)2] 7-2-0ll= Mann-Whitney U testE E3f = & 7H AFEgk] 7—(}0] = H] WShec) w3k A At
o] sl AR -ARS A1 7ke] 1S322 57| i3l McNemar's testS ARESISITE BE 4= o] 13 (0/1) 22 A= o S

=157} 2 n=8) 77t SHH o &2 BAsltt A8 20| wheh e A% (Exact McNemar’s test) S 285190, pvalueZ}
0.05 1|9kl B¢ EAH o= %946 22 woksloie,

A&t

1. 94 g3z M H|S
APAZAATRIA 259 wtell sigshed aidat &, A1 € a2 1 93wt o = A3 oAb SR 197 5 157 (78.9%), tiZ+ 2058 5
87 (40.0%) 0.2 Ueptt). SAlTollxle AA| 2] 457to] 2]- 3l w-& RAIGH ¥, tiztollit= 1290] I8+ 5ol Hsk7H glglth &
Ate] I 35 HlEo] tiztoll Hlsh =Uti<Fig. 2>.
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Intervention Group Control Group

8
(40.0%)

15
(78.9%)

Fig. 2. Transition rate of caries risk groups
(Green, Blue: Proportion of participants with increased caries risk levels)

2. 19RO XN H O MEl CfAXISC| SHS L DMFT index s}
AN 24 913 L F 202 BRSO AT 1T L 21HTO 2 1B tdA-5e) SHS Y DMFT indext=

<Table 1>} 2:t.
SHS 4= Aol 54 Aol ulsl) 22 S0l 0.07 271519, cholile 062 371519 0Lt 5 2 BE SAZ 02 fefg ol
ik

DMET index 23}, FAoll A 241 Foil 0.80 S71et gl o1t §A12 0 2 fofgh Aol gile. Teiut tiz2olli AR DMFT index7H
o|gloih AkE 2122 Z7}slo] BAIA 02 §oJ5t 2jo] 7} LRI THp=0.008). S5+ AR DMFT index+= EAi7to] thztol] ulsl] #4135 &
o} goJ3t x}o] 7} A ATHp<0.001).

Table 1. Changes in SHS and DMFT index among participants transitioned to high or extreme-high caries risk groups
Unit: Mean£SD

G N SHS p* DMF index p*
Pre Post Pre Post

Intervention 15 2.40+2.06 2.47+1.85 0.943 3.53+2.23 4.33+2.35 0.109

Control 8 1.88+2.10 2.50+2.45 0.180 0.00=£0.00 2.12+1.13 0.008

P 0.464 1.000 <0.001 0.947

"by Wilcoxon signed-rank test or Quade’s ANCOVA or Mann-Whitney U test
SHS: Simple hygiene index

3. YR Y ATQ|HAOR M CHARLS | QoIS}

A} flto] A9l == $91d %Ol%i—LHP 31—.—] %.4% T Z:'ﬂ%’—l%*%gi et tVdAES wAR A, %ZH;LOW TI
H %
o] A At} SA & S5t out SAA = Fofdt Hpol= igich Et-a’_h YA 7“%‘*&# BE 71l ot EA14 %94%% AN

thztollMe FA S L5 47}1] YA E BT SRRl e, o] & F 11 o] AJolE =2 SAH R FofsH S5
k. f1d el 5 5k 33] o)/ e TdkE A, ‘?L e 8F nlARE, At HAlREt W2, e Aok AT ulgo] APdAALET
AFEAAARIA S718t o BAIA Rold2 gl BE 291 FollAl= 0.12% SE 2N Y FFEFU|0|E T3t A) AR P&l Zhast
Aot EAA QR FofshA] g9tti<Table 2>.
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Table 2. Changes in contributing factors among participants transitioned to high or extreme-high caries risk groups

Unit: N(%)
Classification E— Intervention (N=15) Control (N=8)
Pre Post Pre Post
Disease Dentin caries or new cavity 0(0.0) 1(6.7) 0(0.0) 1(12.5)
indicator New enamel lesion (non-cavitated) 0(0.0) 2(13.3) 0(0.0) 2(25.0)
New white spot on smooth surface 0(0.0) 426.7) 0(0.0) 4(50.0)
Tooth restoration within past year 0(0.0) 6(40.0) 0(0.0) 6(75.0)°
Risk factor Frequent intake of fermentable 3(20.0) 11(73.3) 2(25.0) 6(75.0)
carbohydrates (over 3 times/day)
Xerostomia due to medication 0(0.0) 0(0.0) 1(12.5) 1(12.5)
Brushing teeth < once per day 3(20.0) 1(6.7) 0(0.0) 0(0.0)
No use of oral hygiene items 9(60.0) 5(33.3) 0(0.0) 2(25.0)
Heavy plaque accumulation (SHS>2.8) 7(46.7) 7(46.7) 3(37.5) 4(50.0)
Use of fixed orthodontic appliance 0(0.0) 3(20.0) 0(0.0) 0(0.0)
Deep pits and fissures 4(26.7) 6(40.0) 5(62.5) 6(75.0)
Reduced salivary flow (<0.5 ml/min) 0(0.0) 0(0.0) 1(12.5) 0(0.0)
Exposed root surfaces 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Protect factor ~ Use of fluoride toothpaste 2 times/day 8(53.3) 10(66.7) 3(37.5) 6(75.0)
Topical fluoride varnish within 6 months 1(6.7) 11(73.3) 2(25.0) 7(87.5)
Daily use of fluoride rinse (0.05%) 4(26.7) 7(46.7) 1(12.5) 1(12.5)
Weekly CHX use (0.12%) for 1 week/month 2(13.3) 2(13.3) 1(12.5) 0(0.0)
Daily intake of sugar-free dairy products 3(20.0) 4(26.7) 0(0.0) 2(25.0)
Normal salivary function 15(100.0) 15(100.0) 8(100.0) 8(100.0)
Sealants on 1st or 2nd molars 9(60.0) 10(66.7) 7(87.5) 8(100.0)

'p<0.05, by McNemar's test

4, HHZYAES 0|20t QOIE Z: 24

=
W AE 7|5t of| S o] A3t 7} At SAlee] e+ 89.8%, 2382 10.2% 0™, U 90.6%, A& 89.5%, F1 H4
89. 7%, AUCE 95.7%2 UFEh} ARk 0 2 9 435} of & 52 Holrh thRE-S e 96.3%, 22H8 3.7%, UL 96.7%, A& 96.1%,
4= 96.3%, AUCE 99.7%=, ZAlell H|s] H9H 0 & o] =2 oS 5= EQich
FZH:"_L—J W40 E BA Aa) G133 o)t rad vheshE AR e TR Ald e
T3 HE]8F vAR (AR4)ZH HRAE 93 Q%) Hske BAH O R Roldt 4R T2y
0}04 e of Zof] AAARI 7|0 E gt A0 2 UpEpdTY.
olek & 1/ wAA] B A o 291 MSHARG) A FAX R frefsigl ot Mg TRk o= AT 0 = S| Le}
Wtk o= el Harh 2El Yol ] Y7 220] oS 7o =5 ZER|A|SE HAIA Q1 Y xﬂomol%ll:}l UrEbtTh<Fig. 3>, tl2w+2] 73
9, Z| 14 o] x[oF =5 ' (AD4), ol A= 4371 ehaeby = 5] HeP (A D3), Hed ol 55He MZ-2 vlehsA M4 (AD2)
7HEARCE RS ISR EEEQIOM, o] B 22 W4 F0 T H4E 7|SoIi) o] et Ak izl = AR A 5] Sk}
1QJgFo 2 HEE = a3t 2910 2 Ll TicFig. 4>.

QI A3 ARY), ‘&2 14 o]uf x|o} 4B A& (AD4),
o EAANZOZ B FE HHE T2

3Q r_
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AR1

0.191*

AD4

AR4

AP2

AP4

AP5

AP1

AD3

AP3

ARG

0.05 0.10 0.45 0.20 0.25 0.30 0.35; 0.40 0.45
Importance (sum = 1 scale)

Fig. 3. Variable importance of intervention group

0.403*

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45
Importance (sum = 1 scale)

Fig. 4. Variable importance of control group

Q7 Y4dS iAo 2 CAMBRA students Z2 13 18 F 94 9320 1932 2 2ugldzo 2 Ag 1ee AllE 24
2 A EAAE F]HS Heslo] 94 9T Wikl e A= 32 2018 zgne%w R E MG Rl
| APl A5 ake] 43 B} E % 22 02 15l o) A T8, A 40062 ekt
A 25k tes] ) Ea) HEgE A0 B|ucke Ak A el $4 99 S0 o} A9
umur A5 DMFT incexel AV 122t 29e} oI350 4315 551050001, o} & Aol Bl
22 e YT 7,7} 5] 132 Uel slo] PSR FAh2a thE g etk Tt 2 el Talgluigol SAAR A
570440] 215] 2l 5L0n] A 24 Asfolhe 2ol chz ol el Z10] o 58241 P B 71 Aelolsha e o )
. ofefat 2ol 2|ok9-Al LR B Rl Yake i AmelEho] Aslol BElRS 7RsAo] Sl ARIAL A, Adat thx 7
$70] 95 215]4) kot 7oA Quade's ANCOVAS Abg3to] ALIZIAL A4:0) Fobe HASIL 54 ke HARO2H o
7o) EreA S 0] 1A} 812{ck. CAMBRA-students 2 1280] 5717} 28 29 S0l A Yol ofats] 4] Sz A4 Hgto] 1}
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Eh 22 SA Z230o] theh 9E ola)e] 2fo7t Fe niXE 73 = . CAMBRA-students= 9 7|RF i 2 2 A 9l o, o
73] FHEA] A7 Aol wet Eake] 2fo|7h EAYE 4 it 53] A2 o Bl Y Bol | mhEel|, Algelu sl
iAo Ak o] 2lZ 4= Sltk. Murariu 5{20]9] Aol o] 773707ds 2fsh muted o] ARGHAIR, 7HRle] A3 et wel-7}
273 5 < 2ol et axrt 3A gebd 4 Q132 A o 2 FEisto] Barsigiet SHA|RE i Aol S| F ol S
A0z SAL 5 Qe A3 2R 37| whiZell SAEIE E sk e 2 skt Agte] et % Atolb= A AR
715, Aol LA, A& Rkt g2 35 A3 A 25 7 w45kl b 7|RE SAle] a3kE Bt st 24 2ot Al o= 4
| o3RRSl 913 S 7hol =il Rho 2= RE QR ke oAs}7 ol of ks A2 Hojen, 28] 53hE S 44
o zRt k7| Hoks S e i 91 211 24 S 7ol BRsiths e AR
Xl““ﬂ 2fo] S HER= SHS Aiks SAIA 2 [FolstAl= AR SA £ FAEE tigoll A o Bol S7s3lth FAtol
A 2dellA Qraycam °J| A Eeddt AtE SR A oI HE Fal m EXsto] F7] Fofdt avtetal HoEny e e thde =
oP Yeook Lecl211] @170 Qraycam 0|11 8- =40 2 Ajozste) oot 4458 Al lel fol B4t ek,
x1 Z9FRoIM 22 T9IPLO 2 W PRS0l Tieh WYAE, 9P R<), BB eQISe] HslE Solgh Ak, FAjRoME 918
21 3 51 38] o) W Eh48hE A3 &0 ARl vla) Al57}2lsiA| S71el i Aol H4de) 94 ol e
- 0131 2915 71 SIS E, oflui7] S8, 2, BAEFE A2} folgh Aabt ety o|x Rl AojxE Aj7lE Al Had
7)9] Al&THe X|obAlZ Y 9132 o 31 ) o] 283 7|Fo] ik, th2olA 913291 5 14 o] Xloj2 F PRt 47y
o] WY B} -2J5kA] 27kl ek Selwitz S{220] AT Az} GALsHA) ol 2317} o] Zojx] 7] Glob 27 WAk 3lEE7| T x|gk
o 7o) ke 74, o Algh 94 WA W 7Rsdo] Arhe W Lehdch. oj2iah Ak 2] 470l nleh 94 9137 Wl 4
e ulale g eslo) Gl 4 Q18-S Rojxn] 3 2joheA o % e Hek 43 A 7 B wefe ske o] Hedte
AAYai)
CAMBRAJ 7|2 WA 7 Rie] Ao e TSR R o7l 55t 2182 Hhgshet of2fzo] Mtk wEbA Tes] Rl 7]Hke] ¢
A fo)/dat g =8 S0l Alefshe 24 Aol Besitial wrElo] 2 o= ko] this Hjo]
B A2 4 9l s v P oS Ale o2 S 4 e S 7] A ES EEsie] ol & IS
AT AE A 23}, SANME BFF 33] o) ey ©eakE AF (AR, F2 14 o] Xloh 5 F'(AD4), 7391885 1l
A (AR4) 5o] T o]l $AH = ot I I3l 2oz Uehkith dard edhe A3 vlEo] S7k= 71E dH23leh 24
S, 2 XA ete] F oiAbE Set A o] g gl Bl 71dE A BRIAA F3Uo S5t 2pA 2jot 5 7
°é% %k% 4 ﬂ4°4 2 04 ’i‘ ] ATH24]el A AAE o] 2, 2 At AA] CAMBRA 0| 23] Hil7dat #tohe ks
Fe1Y o] T2/dE xRt ATl A&H 02 o] ha1[25], & At
01]*15 74 H A Zﬂ%@ﬂ frole 2 Sle gl v, SAoll e g W] FH (ARG AR CZ fofsilott ¥ 2
e T 02 Yot AAR] oflF 710 == ARFA 1 A o2 UERKIT o] = w7 Al F2] 9] e Rlell e EslaL, =
AR Aol A WA 22 RIER pE]o] oS i) o] ofeH3ls 7Hs 3] itk
tiEol = ‘F2 19 ofuf Xot 5 A (AD4), TG ol| Mz s s Rky = g3 R 9P (AD3), ol =3te Mz H]o}
3 HA(AD2) 59 WA E7H g T2 et A4 Fold ol M A LEhdth ol WA a7} 22 W S8 =8 Holtt
, O] 7H]do] o] Roj2|2] = AgRellA AR XY ot 94 A e o5 &) o
M s Bl e T 22 03% &Ou tﬁ&P} = ;LOHH =117 % g ZgEe] R4 oL
ok

13

>1
o
!
2
(‘3\2
N

HoRoy

fr

! ©
flo o

< =N
[H= A ﬁ rr o
rﬁ

i oo e @y

ofN rlo rg

R ﬁ
i
o
30
iu)
o
rir
o>{§
(o]
|
=2
_1
1
do
o
r-Ll
:
E
oo F
oll
T
:L
oo
}:o
O
_\2
O
oz
o,
)
[y
)
rir
)
o
b
Q
IN o
2
o
o
N
o,
_l
it
2
ol
)

2 Al A g0l wek ek 291 S4 % JOI %ﬁ%% *l*}ﬁ E}

FollA EAo] Y ZHAE BEl H5(AUC 95.7%) % U1-E- 24513020l = th27e] ZE(AUC 99.7%)°] Bl B2 ol Z A5S H
FEI Tisitt o= tixwollA 3 e o 12 ok a7t Bok Hehela dWEA A8 3E 7Hs /S AR SRl
A= ol chefet M gk B3kA o 2 dojubiA o5 Bello] BeHd/do] iRl oz F713E 4 itk ol= AA| d/dellM e F

R i)

) Pielo] 4RI 2 AR} 7 CAMBRA Z21909) S B35 205] Sk H3} fAsiet s
AR AL thio] UFARURE FA9l2 A, 2 R0 o5 WAlsle] 25 Ante £Ee] ujge] B e maluch

2
o
o
!

https://doi.org/10.13065/jksdh.2025.25.4.5



2R8I, GOt 014 / A TAAE 7S BB HALO| 0129 05 291 24 - 331

I 3HOverfitting) g o] Wil Qg A]I oll&2]S ERITH26). & Aol A= Bd ¥hE 152 5008 ~aygto =24 HE2 I7)7F AljH Rl
AT Al A BT 4 Qe R 9] MBA S Fefelal, AFE 4 Qe W F8 ' 2 S 7Hs A Bt A T AE 0| SHAIZ 2|

] $8A| (Correlation) 2Aol thaA &= £ HA7tol|Al= = -2 = (Permutation importance) 7|8F &
S AlASHL, B ofl& Ad 5ol 7]ofehe =S A W7k of2fsh B4 e Tedt i
9w ok 2= ulolal 4 gl W40 AA|F ol 7|02 ERIste] A o] JFe HAskslE s 3 7|29tk o)& Strobl &
[27]0] AQFet B4 0 2 2|4 52 % (Gini importance)ell B3 & &obA] #i40] S92 52 w5 W7t 4= Ik HollA] ole)7h Aot &
3] CAMBRAS} 22 4] Q157 AlAlE 71l WEo] M2 73t 43 g 7H)E 7497t B7] whiol|, ¥ 7he] £33 7] =g w7ts)

r
El
0
X
N
o

o =
© 2 A7) A2 AHolria W) ek B AtollA A5 SMOTE: A% AolM BAE 4 Q= Zelis E+%(Class
imbalance) £412 $2517] $iat 7102 me] gtz o HRES A Bl Zleiglon Xlok4 oS HYAToIHE BE

=%
=] ATH28]. AR 2 St 2w oA Ads SiAR) QT A F o] Ale] 271 A Q) Foll e ek, 2 Aol =2 AUC 7t
£ 7158 4 QAE 212 SMOTE®] axtet - Fo = o] Al 2Ao] 37 285t A= sfAEct.

& Ae U2 22 IS AT A, B A HadE ez £ glon, B2 prH AR ol B AukE Adnk Y4d
of ggste] 285k tlolls A5t siAlo] B sttt EA, SAl R vzt 7 AR 52/d 0] 9ds] FEE ] 9fken, Quade’s ANCOVA
2 HASI oL FAIA AZE EAE 4 Qlek A, HE 0] FHAIE QI AskaL A S Rol WhE HEkE Fasfelaat siloth Ak
w40 At AR ARIE 7|9k = o gAlA) EMola 2 slAfu) 2| gof] F2o)7} H ek T4 Ao M SR HES HIF o R oS B
o] ARt} 7hs S AT Lot ek gt g x| AE mdlo] Zh= ‘BegkA(Black box) £/48-2 o|315] 314 de] sAI= A4 Ak ¥
T+ FRE w95 F9l 4 o] A 719 E & 4 o, FAA e r o Aoy AR 2 BR7} o] RolFlEAlE AW oz ofsfs)]
offth= o] thdoltH29). 3% HLof| A= SHAP (Shapley additive explanations) Zfo|ut LIME (Local interpretable model-agnostic
= 7 A-&5104[30], HHZHAE of|Z0] FAARI AP WS Alelslal siAlE g ol= d

i

(o]
<
=
=,
o
2
o[
1o
ko
uw
e
o0&
N
rE

N
0

|

o
rlo ofl UL
Rl 1 of

2 2 2ol 94| 9197 1k ol 5 ool W4 2 % sz EAA Sl
291 F419] 94] 91 W71l Hlofut there 74z mR1se) Hus 37 7]
ol 583 WS A A0 Y|cher), 2 17 Aake vleko 2 CAMBRA-students A& e AR A2 ol 7jel 9
olele, S5 AL o Al 71, B A0S BUE 52 £U3 8art ok 58] Witk B4HE A3 14ct PUNHEE AL
%7 2 745} Hzko] e e,

L o

Fu = =,
2. oA AR EQ) WA WA 4 X|o} 4B A o] 25k A 9010 2 FlE|oit
3. AT AE el Z(AUC=95.7%) 2} tHEZHAUC=99.7%) ZFollA] 2435t ol & A5-S HojFgic
olde] A Auk, g me|AE HMS Es) o] xjokA] 1T Mol YL vlx 32 291 FHsIAL Al =E|grhe
HollA] oloj7} glom, oj= iRl BEY P W 4AUL 93 712/ BEY 4 ot
Notes
Author Contributions

Conceptualization: SY Lee, AN Yeo, YM Kang; Data collection: SY Lee, YM Kang, AN Yeo; Formal analysis: YM Kang; Writing-
original draft: YM Kang, AN Yeo; Writing-review&editing: SY Lee, YM Kang, AN Yeo

https://doi.org/10.13065/jksdh.2025.25.4.5



332

- J Korean Soc Dent Hyg 2025;25(4):323-33

Conflicts of Interest

SY Lee is a member of the Editorial Committee of the Journal of the Korean Society of Dental Hygiene, but was not involved in

the review process of this manuscript. The authors declare no other conflicts of interest.

Funding
None.
Ethical Statement
This study was approved by the Institutional Review Board (IRB) of Namseoul University (IRB No. NSU-202304-006).
Data Availability
Data can be obtained from the corresponding author
Acknowledgements
None.
References
1. Yun JW. Convergence study on beverage intake and oral health in Korean adolescents. J Korea Converg Soc 2020;11(9):45-50. https://
doi.org/10.15207/JKCS.2020.11.9.045
2. Bernabe E, Marcenes W, Abdulkader RS, Abreu LG, Afzal S, Alhalaiga FN, et al. Trends in the global, regional, and national burden of oral
conditions from 1990 to 2021: a systematic analysis for the Global Burden of Disease Study 2021. 2025;405(10482):897-910. https://doi.org/1
0.1016/S0140-6736(24)02811-3
3. Featherstone JDB, Alston P, Chaffee BW, Rechmann P. Caries management by risk assessment (CAMBRA): an update for use in clinical
practice for patients aged 6 through adult. J Calif Dent Assoc 2019;47(1):25-34. https://doi.org/10.1080/19424396.2019.12220743
4. KangYM, Yeo AN, Lee SY. Expert usability evaluation of a mobile application for systematic caries management in children and adolescents:
a cross-sectional study. Int J Clin Pediatr Dent 2024;17(12):1370-6. https://doi.org/10.5005/jp-journals-10005-2992
5. Yeo AN, Kang YM, Kim SG, Lee SY. The effect of using the CAMBRA mobile application on dental caries management in children and
adolescents. J Korean Soc Dent Hyg 2024;24(4):281-9. https://doi.org/10.13065/jksdh.20240402
6. Schwendicke FA, Samek W, Krois J. Artificial intelligence in dentistry: chances and challenges. J Dent Res 2020;99(7):769-74. https://doi.o
rg/10.1177/0022034520915714
7. Bomfim RA. Machine learning to predict untreated dental caries in adolescents. BMC Oral Health 2024;24(1):316. https://doi.org/10.1186
/s12903-024-04073-4
8. Shin SB, Cho HJ. Correlated variable importance for random forests. Korean J Appl Stat 2021;34(2):177-90. https://doi.org/10.5351/
KJAS.2021.34.2.177
9. Kim MH. Exploration of predictors of mental health problems among adolescents using random forest regression. J Youth Stud
2024;31(10):315-39. https://doi.org/10.21509/KJYS.2024.10.31.10.315
10. Choi HY, Lee KS. Construction and evaluation of the prediction model for smoking cessation behavior among adult smokers by machine
learning algorithm. Korean Public Health Res 2021;47(4):149-65. https://doi.org/10.22900/kphr.2021.47.4.011
11. LeeHC, Park MB, Won YJ. Al machine learning-based diabetes prediction in older adults in South Korea: cross-sectional analysis JMIR Form
Res 2025;9:e57874. https://doi.org/10.2196/57874
12. Lim HJ. A step-by-step guide to random forest model using orange data mining in the field of periodontitis. J Korean Acad Oral Health

2021;45(4):218-26. https://doi.org/10.11149/jkach.2021.45.4.218

https://doi.org/10.13065/jksdh.2025.25.4.5



2901, 0IONLL 0]20 / HETRIAE 7|2 BESHHAO| XIOILAISIH o2 291 24 - 333

13.

14.

15.

16.

17.
18.

19.
20.

21

22.
23.

24.

25.

26.

27.

28.

29.

30.

Yang YH, Kim JS, Jung SH. Prediction of dental caries in 12-year-old children using machine-learning algorithms. J Korean Acad Oral Health
2020;45(1):55-63. https://doi.org/10.11149/jkaoh.2020.44.1.55

Polit DF, Beck CT. Nursing research: generating and assessing evidence for nursing practice. 11th ed. Philadelphia: Wolters Kluwer; 2021: 280-
6.

Lee JH, Lee SY. Development of caries risk assessment for children and adolescents using Delphi survey. J Korean Soc Dent Hyg 2022;22:531-
9. https://doi.org/10.13065/jksdh.20220060

Chawla NV, Bowyer KW, Hall LO, Kegelmeyer WP. SMOTE: synthetic minority over-sampling technique. J Artif Intell Res 2002;16:321-57.
https://doi.org/10.1613/jair.953

Breiman L. Random forests. Machine Learning 2001;45(1):5-32. https://doi.org/10.1023/A:1010933404324

Hastie T, Tibshirani R, Friedman J. The elements of statistical learning: data mining, inference, and prediction. 2nd ed. New York: Springer;
2009: 193-224,257-98.

Lee SY. The development of CAMBRA: updated CRA. J Korean Soc Dent Hyg 2021;21(4):221-36. https://doi.org/10.13065/jksdh.20210032
Murariu A, Bobu L, Geletu GL, Stoleriu S, lovan G, Vasluianu RI, et al. The impact of mobile applications on improving oral hygiene knowledge
and skills of adolescents: a scoping review. J Clin Med 2025;14(9):2907. https://doi.org/10.3390/jcm 14092907

Yeo AN, Lee SY. The convergent effects of oral health education feedback using Qraycam™. J Korea Converg Soc 2017;8(3):63-70. https://
doi.org/10.15207/JKCS.2017.8.3.063

Selwitz RH, Ismail Al, Pitts NB. Dental caries. Lancet 2007;369(9555):51-9. https://doi.org/10.1016/S0140-6736(07)60031-2

Moynihan PJ, Kelly SA. Effect on caries of restricting sugars intake: systematic review to inform WHO guidelines. J Dent Res 2014;93(1):8-14.
https://doi.org/10.1177/0022034513508954

Hummel R, van der Sanden W, Bruers J, van der Heijden G. The relationship between claimed restorations and future restorations in
children and adolescents: an observational follow-up study on risk categories for dental caries. PLoS One 2021;16(11):e0259495. https://
doi.org/10.1371/journal.pone.0259495

Twetman S. Prevention of dental caries as a non-communicable disease. Eur J Oral Sci 2018;126:19-25. https://doi.org/10.1111/e0s.12528
Ciftci G, Asantogrol A. Utilization of machine learning models in predicting caries risk groups and oral health-related risk factors in adults.
BMC Oral Health 2024;24:430. https://doi.org/10.1186/512903-024-04210-z

Strobl C, Boulesteix AL, Kneib T, Augustin T, Zeileis A. Conditional variable importance for random forests. BMC Bioinformatics 2008;9:307.
https://doi.org/10.1186/1471-2105-9-307

Kang IA, Njimbouom SN, Kim JD. Optimal feature selection-based dental caries prediction model using machine learning for decision
support system. Bioeng 2023;10(2):245. https://doi.org/10.3390/bioengineering10020245

Touw WG, Bayjanov JR, Overmars L, Backus L, Boekhorst J, Wels M, et al. Data mining in the life sciences with random forest: a walk in the
park or lost in the jungle? Brief Bioinform 2013;14(3):315-26. https://doi.org/10.1093/bib/bbs034

Lundberg SM, Erion G, Chen H, DeGrave A, Prutkin JM, Nair B, et al. From local explanations to global understanding with explainable Al for
trees. Nat Mach Intell 2020;2(1):56-67. https://doi.org/10.1038/s42256-019-0138-9

https://doi.org/10.13065/jksdh.2025.25.4.5


https://doi.org/10.1111/j.1600-0722.1983.tb00802.x

