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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] Y AL, TS, Aol 5 Bl 7 B4 291 S 22 WSt X|oh A 'Y 7ke] ©d @Rlo 2A 9] Roloh AukE o
skt 3] 2| WAl o gk SAol = dasigl o tixstolie S7Fshe 237t Uit 224 CAMBRAE 2+ 9132
At A2 &, 2o Rl tisl] HFetd M-S ol o & T ehitsto] dare} Sl oJs) ool wrE Aoz Vg E o] itk
o|= Qlal| Hi4 7o) AgoARgolut miety S Htgsh] of2l R 24 AIS 7RI Bt <l 2.910] FAlel AkgsiAL £ 2119
Z3ol| ek A1 2 980 2A| EekAl= 7390l e, CAMBRAE °|& 53H 21l 2rtgristA Hof 71Ql g3 vl HAIE 2
5ol Az 2203 4.8 & AR SPYL 2|oke-4] flFo] ARFels 4 Aol Ueh| = sklon o]= 7]E 94 i+ 2R U
o ehpko 2= AR EA] oh2 lo] EARE AR -4 A9t B 201913 tdARE X|ok-A A 7Hs/do) ot 3 i
o] Algeolle E-etal, T2 28 £ -4 fiddo] SRR tdAtel] thsl] A5 2490] o] Foi Hi= gt ¢4 Hdwe] Mgt FdE 2

oh g sP o2 ek st At T 201 4] HEH BAS o), t 24 L 7As 714 %%Ol aaci 712

s AR, T vl 7] S 94 o3l Z8lel $om(67], o] F WP EelAE (Random

forst) 712 W4 7 52185 HJoIT R4 SR8 AR 4 Sk Hol] 94 918 Aol 7Iofohe 7.2 2918 Balete o] 4

Flek. 53] CAMBRAZ 1 4 Sl A% T A2 B 2912 wlolat 4 917] o] 9.4 ol 43 HEE chyAlel =
K Ao RH, P B RIS T JUst oy Mk £ 9l 2712 vlaig 4 gl

Bl Z]ute] AT AE AMLFE WA T Y, FAE B4, o2 H7 A Sol g iullg], thel YERS 23]

A] ZobollA 2} 2-g-of =L JITH9-13].

Bt 9], %8¢ 5110], SR 1 A R[] 59 oS 881 ol E-8-H vk Jlom, 43

ool A == |5 gH1 ] 2*1] 0}54 T*—.‘ PGTxIok{13] o3 5ol 8= Ut
ofo]l £ A7 P23 thko 2 3 CAMBRA 7|44 2] Z2 13

24 oz HYst, AYTAAE 71U B3] 94 Y= 5ol 7lofd
CAMBRAS] 7ol 95 S 12k Akt 324 A17] A5l 71l 4 Sl 2AZ nlistant gk

P

o

A LA
2 A= 2 F5(FH0-144)2 g o2, CAMBRA-students 2HF ol Z2j7o] 15 &85t L2 5] 48 & 94 9 4250] 2
710 AAE = A FA T 19 e 29 0 7 MR Al E BASHL, A5 ol 9 rIx] 291 15| flol 4238
=] ic}. A= CAMBRA-students 215 7iQ] & 4] 9IFo] 715t ARRIE SAI0E 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 Sist
of mAlEd dare}E 5 shel 2| AE S A 8513ich s 7S B3l xIoke-A] 3 e 2% of o] tfgt SR & 5oL, W
o= BAZ YO RH 2 7] 291g felstala) 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 Eoltt syS mAslth FA2a thage B Bele Rae] uisiginh. A7 golARe B 10-14410] 2355
o, BeI3} 25 A0] A EIS W 231 U I Aol ol 4 Sl SIS coR ASISIch MRS e, 52 67

4 oyl FAF 22l o= A Qlstitt. ATl A = Grpower 3.0 285101 F-2l4= 0.05, &=271 0.5, @Zéa 85NE 7R
SAEI tHEE 42 77, B 154 0 = AFESRiT Aol wet 2000(14]9] EEHES d2sio] F 184S BAlSI o, S E 3
go] & geoto] 2JF Fojak= AT 899, iR 927 0 & F 1817 0] X|of-Ale] Lz 5Ho]) ﬂoq-a}oﬂr:} CAMBRA-students °l&

gAloldS ol&sto] dEEANS WdHALR AFTdAe] 94 YIF=E Frisiglen, SAlZelAls Qraycam pro (ATOBIO, Seoul,
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Republic of Korea)E 0-85F 77373 AL EFBEH| S AL EATE 522023 6HFE] 2024 597H] 197 35131t A7oh/dzt 5 A
7 4] A=t A Y e S| Aol 19E] = 21193 0 &2 A iRt 2 F B4 ol =, Sl 159 o=
- 8o st

3. e
2 QAT0IA ARG W4 3 2ob g 94 91HH7E ET(15]E 71902 CAMBRA-students & 53} 2 7si9lon, 2 B2
A2} FANE Sl ARSI o] ETE 5 2070 B0 2 s, U A 4B, 9922 92, HE R0l 7RYOR PYHLY,

ol

2}
a7 epdltE A, ofe B8 ot 7T, 51 18] ofsh AL, ‘e 8F AR o

meelch B5 Q91 B2 23] o4 2
AXCF AL, HT 671 o] U] Bk BRI £, 0.05% REIES SN S AL, ‘SRIHNY 74 FIA ALY, T RAE 4,

21 Efol]s, 120 74] BB EAY S0 Ay,
2 Qo AYLAAE BAS of) S8 Y2 v 24 1 Aol e wistere 7120 2 14T % 207He) widolul, 2AH e
2913 2.9 MBlH ARI-ARY), 2.5 ) WSK A PI-AP7), 2|30 2| sk ADI- A D402 TA=IQIck 54 w4 Highrisk_
ransition © 2 B E|Ro ), oli= AP 94 AR A91E i F9lF 7ol 45190t ALFols 19)% T 2@ R0 W of

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

4, Atz

2 AolA HPEAE B4 AR A] 24 o FdolA 1o ® A AR 47t AiE R Hof A 2+ (Class
imbalance)o] 251111, o]of| ute} 2l Shto] MRS HA517] )5 SMOTE (Synthetic minority over-sampling technique) S 2}-8-5}
of A4 FEj2o) ot 2EEE (Over-sampling)= 4=45HATHI16). Python 719k} Google colaboratory 2730llA] m4lel'd &5 71l 3
YR AE A2)ES 2-85}0] 2|oke-A] 19JRT 22k of Rof tigh ol S S 55T B 35 Alolle oS g5t Bl oA =
HE 9Jel 5 50071] QJAFAZ E 2] (N_estimators=500)5 7|RFO.& 8H5-2 434513l o H, 7} E 2] = E A E ) ME(Bootstrapped sample)
= B8&sto] TR &3k 7t e e o] 79 7|32 FAR| 2 AeE B 3 Foll 7MY H A o) 2 215 A5 08 EEsh= AL
2 AAEATHI7]. B oF 52 §HE wabdE2 Ball W7kl on, 7t vhEoA] e (Accuracy), A& (Error rate), HEE
(Precision), 21&-&(Recall), F1 4(F1 score), 12|31 AUC (Area under the curve) 52| 25 A5 A ES AHESIQITHIS). B4 £
(Feature importance)= 7} §Hgol|A] AFZE 212 =25t & atslo] =&a13loH, o] = g e Z A7 gto] 10] =
TE sk ko 2 AR ITHI7.

S BA2 AT 20 & o] A 0 g 9iE|gl o 7 o] o5 A5t @ F 2. AF9] 1070 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 48/35H,
7 Hieof| gt & =5 5003] B S75H3ict. o] 7k ji4=o] AR 58 = ZHObserved importance)©] #F-23E WollA] XFA|5h= T4
A& 71E0 ' folgES ARSIl t<Fg. 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
C

« Precision, Recall, F1, AU

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

Permutation Test rom—
g o e covance )
« Compute p-value < 0.05

Fig. 1. Random forest analysis procedure

5. X2 2N
4%1% A8+ IBM SPSS program (ver. 29.0; SPSS Inc., Armonk, NY, USA)¥} Python 7122} Google colaboratory 748 2-83}0] £

Mafoict. S0} o] 987 DMET index H8HS: v1517] 913} u12.4: 28] Mann-Whitney U 73722 AH8 3191tk ALd 94
AL A9 E FAToIOL AFo] 1YY T ZUAAOR A% AR YL TR Z U S HF st BAol

Wilcoxon signed-rank testE A&t API-ARSgE 7He] SAI4] frold< SRl o 7 ARSgL Hlal Al ARdghol] fofot Atol7}
DMEFT index®] Z-¢-oll= Quade’s ANCOVAE A-&5to] APAZEe 3R FAIRH & 7 7t ol 5 As3ih. ', ARgh 5

LG B =

L= d]
&R SHS (Simple hygiene index)2] 7%= Mann-Whitney U testS 53l = o 7 AFgke] 2kl & BlastRlct. tEgh ke o=
o, &

A HA - o
=

o]l thial ARA-ARE A1 7o) Wi} 501402 ZA5}7] 9l8) McNemar's testS ARR-8IIT BE B4 0] 18 (0/1) 2.2 =9

=157} 2 n=8) 77t SHH 02 BAsIltt 432 2710) whet e A7 (Exact McNemar's test) 2-851%10H, pva.lueﬂ
0.05 1|9l ¢ EAH o2 %946 S ksl

A&t

N 0>‘ oZZ ?2
2 2 0 o

IENECERETTE

APdZAAeIA 2-F21 8 2ol sligshd thd At 5, SA1 & 2L 2ueflddwo 2 ek dhdahe SAE 199 5 153 (78.9%), <t 209 &
87 (40.0%) 02 Ueptt). SAlTollxle AA| 2] 457to] A- 3l w-S RAIGH ¥, tiztollite= 1290] I8 5ol Hsk7H glglth &
Ae] 1 g5 Bl thtol] Hlsl & 3tt<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 MHEl CHAXISC| SHS L DMFT index s}
AN 24 9132 L F 202 BRSO AT MIRE L 21HTO 2 1B tdA-5e) SHS Y DMFT indext=

<Table 1>} 22t}
SHS 4= Aol 54 Aol uls) 32 S0l 0.07 271519, cholite 062 371619 0Lt 5 2 BE SAZ 02 fefet ol
i

DMET index 23}, FAoll A 24 Foil 0.80 S7Hotl o1t §A12 0 2 fofgh Aol gile. Teiut tiz2olli AR DMFT index7Ho
o|gloih AkE 2122 Z7}slo] EAIA 02 §2oJ5t 2jo] 7} LRI THp=0.008). B3+ AR DMFT index+= EA7to] thz2ol] 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. DR Y ATQ|HAOE M CHARLS | QoIS}

A} fldto] A9l == $91d %Ol%i—LHP 31—.—] %.4% £ Z:'ﬂ%’—l%*%gi ehd tVdAES wAR A, %ZH;LOW TI
H =
o] A At} SA & S5t out SAA o= Fofdt Aol i3l Et-a’_h Y] 7“%‘*&# BE 7Bl o EA14 %94%% AN

thztollMe FAE S LA 47}1] YA E BT SRR, o] F F 11 o] AolE =2 SAH R fofsh S716IA
k. 1d el 5 5k 33] o)/ e TekE Al ‘?L e 88 nlARE, At M HAlREt W2F, 22 Aok-AF ulgo] APdAAbET
AFEAAARIA Z718t 3 o BAIA Rold2 iRl BE 291 FollAl= 0.12% SEEIA Y FFEFU|0|E T3 A) AR P&l Zhast
Aot EAA Q2 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) 4(26.7) 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, HHZHAES 0|20t QOIE Z: 24

=
W AE 7|8t of| S o] 3t 7} At SAfete] e+ 89.8%, 2382 10.2%0™, U T 90.6%, &S 89.5%, F1 4
89. 7%, AUCE 95.7%2 UFEh} ARk 0 2 9 435} of & 52 Holrh thRT-S AT 96.3%, 22H8 3.7%, AUE 96.7%, ANF-E 96.1%,
4= 96.3%, AUCE 99.7%=, FAlell H|s] H5H 0 & o] =2 oS 5= EQirh
FZH:"_L—J W4 30 E BA Aaf Gl 33 o) rad vheshE AR et TRl Ald e
T3HE]8F vARY (AR4)ZH HAE 93 Q%) Hske BAH O R Rolst Mg T2y
0}04 e of Zof] AAARI 7|0 E gt A0 2 UpERTY.
olek & 1Y AR B A o 91 MSHARG) A FAX R frefsigl ot M SRk o= T 0 = S| e}
Wtk o= el Harh 2 el Yol|A] L7 220] oS 7o =5 ZER|A|SE HAIA Q1 FF xﬂomol%ll:}l UrEbtTh<Fig. 3>, tl2++2] 73
9, Z| L 14 o] x[oF =5 ' (AD4), & Tol| A= 4371 ehaeby = 5| E 9P (A D3), Heddoll 55He 22 vlehsA 4 (AD2)
7t EARCRE RIS ISR EEEQIOM, o] HE =2 W F2 T H4g 7|SoIi) o] et Ak izl = AR A 5] Sk}
1QgFo 2 W= a3t 2910 2 Ll tikFig. 4>.

QI 3 ARY), ‘&2 14 o]uf x|o} 4B A& (AD4),
o EXATNZOZ o FE HHE T2

3Q r_

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



2R, 0ot 014 / HETAAE 7|2 B3t HALC| XI0IPARIE 05 201 24 - 329

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 Y4de iAo 2 CAMBRA students Z2 13 5.8 ¥ 94 9320 1932 2 2ugldzo 2 A% 1 AllE 240
2 AT AE SN S Haslo] 94 9T Wikl e A= 38 2018 zgne%w R E MG Rl
AP A5 ake] SR S} 0 % 2t 02 1) o) B T, el 40042 ekt
A 5k tes] 0] Ea)HEgE A0 Bjurke Ak R el $4 99 S0 o} 4
umur A5 DMFT incexel AP 122 o 29e} I8} 52 431 551050001, o} & Aol Bl
22 e YT 7,7} 5] 132 Uel slo] RS2 FAh2a thE g el Tt 2 el makgluigol SAAR A
570440] 215] 2l 5L0n] A 24 Asfolhe 2ol chz ol el Z710] o 5821 P B 71 Aelolsha e o )
. ofefat 2ol 2|ok9-Al LgjR B Rl Yake i AmelEho] Aslol BElRS 7HsAo] Sl ARIAL Ak, Adat tha 7
$20] 95 215]4) gkob i 704 Quade's ANCOVAS: AHg3to] ALIZIAL A4:0) ke HASIL 574 ke HARo2H o
7o) EreA S 0] 1A} 812{ct. CAMBRA-students 2 1240] 5717} 2 8 219 S0l Ak Yol ofals] 4] Sz A4 1gto] 1}
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Eht 22 SA Z2730o] theh 9E ola)e] 2fo7t F2 niXE 7Fs 3 = . CAMBRA-students= 9 7|RF i 2 2 A 9l o v, o
73] THEA] A7 Aol wet Eake] Zfo|7h EAYE 4 QI 53] A2 9 Bl Y Bol | mhEell, Algelu sl
iAo Ak o] 3lZ 4= Sltt. Murariu 5{20]9] Aol o] 7737073ds 2fsh iuted o] ARGHA|R, 7HRle] A3 et wel-7}
273 5 < 2ol et axrt 3A gebd 4 9l3s A o 2 FEisto] Barsigiet ShA|RE i Aol S| F ol S
A 02 ST 5 Qe A3 2R 37| whiZell SAEE BE ek e 2 skt Agte] et I Atolb= A AR
715, Aol dAl, A& Rkt g2 35 A3 A 25 7 w4isto] b 7|RE SAe] BukE Bt s 24 2ot )l o= 4
A 3RS0l 913 A 7hol =il Rho 2= RE MQfRT ek oAs}7 ol offiths A2 Hojen, 23] 53hE 44
S zRt k7| Hoks S A Ue i 91 211 24 S 7ol BRsiths e AR
Xl““ﬂ 2fo] S LER= SHS Ak SAIA 2 folstAl= AR SA £ FAEE tioll A o Bol S7si3lth FAtol
A 2dellA Qraycam °J| A1 E Eeddt AtE SR A oI HE Fal m EXsto] F7] Fofdt avtetal HEny S e thde=
oP Yeook Lecl211] @170 Qraycam 0|11 28 =40 2 Ajozste) oot 4458 a7 lel fol B4t ek,
x1 Z9FRoIN 22 T9IPLO R W PRS0l Tiieh AYAE, 9P R<), HE eQISe] HslE Sl Al FAjRolME 18
21 3 51 3] o) W Eh48hE A3 150 ARl vla) A5 7}elsiA| S7 el Aol H4de) 94 ol ke
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