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Figure 1 Flow chart to monitor the changes of proximal caries during orthodontic
treatment using intraoral scans with near—infrared images (NIRI) «+++++- 6
Figure 2. Acquiring the magnified images of maxillary left first molar (NIRI and
color image) from the intraoral scan of the maxillary arch. «=eoeeeeeeeeeees 8
Figure 3. Interproximal images of maxillary right 2nd premolar and mandibular left
1St molar ......................................................................................... 10
Figure 4. Intraoral scan view with NIRI & bitewing radiograph on maxillary first

molar proximal CarieS(MeSial) ........................................................... 29
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HETAOE F 15619 oAt del A Jakg ol gsto] ZF A7 AW

I Patients with intraoral scan images (N=158) |

»  Full mouth intra-oral scanned with NIRI light source between
2020.07~2023.06

¢ Age>10Y (10~73Y, 57 male 96 female)

*  Initial(TO) — Serial scan (T1, = 6M of active orthodontic tx.)

*  Matching intraoral photo on the same date

| I Exclusion (N=7) |

Reviewed by two examiners "

Functional appliances/space maintainer (N=5)
(with no fixed appliances or attachment on tooth surface)
*  Low quality scan data (N=2)

I Analysis (N=151) !

*  Prevalence of proximal caries at TO and T1

»  Incidence of newly developed caries (TO vs. T1)
*  Number and pattern of newly developed caries

*  Sex, Age, Types of orthodontic appliances, Treatment duration, etc

Figure 1. Flow chart to monitor the changes of proximal caries during orthodontic treatment using

intraoral scans with near-infrared images (NIRI).



CA, USA)E olg3al9iom A7 A NIRI FHo] EA]o] AgHgrt. +4AME o

ol & Myitero 9] AFe]E (http://www.myitero.com, Align Technology Inc., San

Jose, CA, USA) 9] &4 =5 o] &3t et (Figure 2). NIRI o]v] x| ¢} A

7 omAE BE B £ 9 mra MEae] thekdt ZthoA QW X of-2] 9]


http://www.myitero.com/

Figure 2. Acquiring the magnified images of maxillary left first molar (NIRI and color
image) from the intraoral scan of the maxillary arch.
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N *

A. Intraoral photo,/

Figure 3. Interproximal images of maxillary right 2" premolar (patient I — A,B,C) and
mandibular left 1% molar (patient II - D)

A, Intraoral photo (patient I)

B, Color image from intraoral scan (patient I)

C, NIRI image from intraoral scan (patient I)

D, NIRI image from intraoral scan (patient II)

Distinct proximal caries (red arrow) was noted in NIRI images.
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AA E= A2 2 BPAE F AFW Aoksy B GBS F 5 gon

Mo

Z (Katie C, et al. 2013; Amy E Richter, et al. 2010) 9F7 &S E3] AAdH, A7,

tlo

2 FAY FF Y AR VIS SQlsit AR 23 A3 A Yol g 10

tf (104 ©]7d 1941 o]3h), 20th (204 ©]7d 294 ©]3h), 30th (304 ©]7d 394

o]al), 40th (404 o)A 494 olal), 504 ol ow FREAT. wH AXe= 1A

1>

BAAX (Y, 45 287 & F 23 H9E conventional fixed appliancew™ 2. &,
sectional tube appliance® 23t 7% customized minitube appliance T 2.2, F
Hugdga A 5s 8] 2oF xHe) attachments 2t -9 clear aligner 1%

2 ek (Table 1) A thdat 9 B+ A®2 27.7:16.94], H 287

74 14.3+6.7 MLz FHalw g},
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Table 1. Subject demography

Category N (%0) Statistics
Age(Y) Mean+SD
10~19 75(49.7%) 27.72+16.88 (Y)
20~29 23(15.2%)
30~39 13(8.6%)
40~49 18(11.9%)
50< 22(14.6%)
Gender
Male 57(37.7%)
Female 94(62.3%)

Type of appliances
Conventional fixed appliances 76(50.3%)
Customized minitube appliances  32(21.2%)
Clear aligners 43(28.5%)

Total 151(100.0%)

13



2o F¥E WY {4, A4F dAedd AR A Hrishr] 9l

Chi—square test & Al&sict. WAA/MLAL 7o) izt HA4 I35 4l

o,
S
r o
r
)

275029 zpolE Holslr] ¢d) independent t—test AP o, H
2 Age A=m717Ee] A3Ad ders 9l ANOVA, Post—Hoc Analysis &
A&kt AEe A A4S SAS version 9.4 (SAS Institute, Cary, NC, USA) ¥}
R statistics 4.1.1. (http://www.r—progect.org) & AFE3G 1, EASHE Fo+=+

pE 0.05 % AAsg}
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1. A8 A (T0) AHE Aok$qe F98%4 ¥F, aFe
e QFH XobeNe BE 3y

NIRI o]m|A| & o]&sto] A5 A (TO) 77l 27 o]n|x]9] H]4

e
(i
td
uly
rO

)

rg
o

H7rsk Ay, 2 15199 g = 87 olA Ha 17] o4 QIxw 9-2]o]

a5

Aol oW 920 FHEL o 57.6%ch AHe] wWE AHE 249 §HE
S FAelA 59.7% (34/57), oIAtlA 56.4% (53/94) 2 YEMRtow B Abolo]
o3t Aol @iodrh Aol mE AW 949 FHES 109l 62.7%
(47/75), 20t 60.9% (14/23), 30t 69.2% (9/13), 40tholM 44.4%
(8/18), 5041 ool A 40.9% (9/22) 2 10-30tholA 60%°]1742 tha =& FHE

of Faggiot, AP 7+ FAHNOE F# Aol EAHA Y Table 2).
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Table 2. Prevalence of proximal caries evaluated with NIRI before orthodontic treatment.

Category Total NIRI(-) NIRI(+) Prevalence(%) p-Value
Age 0.249
10~19 75(100.00) 28(37.33)  47(62.67) 62.67
20~29 23(100.00)  9(39.13) 14(60.87) 60.87
30~39 13(100.00)  4(30.77) 9(69.23) 69.23
40~49 18(100.00)  10(55.56) 8(44.44) 44.44
50~ 22(100.00)  13(59.09) 9(40.91) 40.91
Gender 0.694
Male 57(100.00) 23(40.35)  34(59.65) 59.65
Female 94(100.00)  41(43.62)  53(56.38) 56.38
Total 151 64(42.38)  87(57.62) 57.62

NIRI(-) : subjects with no proximal caries / NIRI(+) : subjects with at least 1 proximal caries

p-values were calculated using chi-square test.
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A5 A(TO) #FHA AH 24 F 21570 lom AetelA 14971(69.3%), sF
ofoll Al 6670 (30.7%) IE3Eato], Aefoll A sfete] 2u) o] Eeb= AW $2Ao]
ZE ek Koz B, Aok A1t 7A (5371, 24.7%) oA 748 e AW $-2]
of #AHNCH, vgor Aot Al 2 &7 (3370, 15.3%), stet Al 1th+-] (3071,
14.0%), 7t Al 1 272 (287, 13.0%) =22 AW o] #2= 3 (Table
3).

Table3. Distribution of proximal caries before treatment (TO)

Number of proximal cares
Maxilla Mandible

Site N (Mesial/Distal)  Percentage(%) N (Mesial/Distal) Percentage(%)
Central incisors 9 (4/5) 4.2 0 (0/0) 0.0
Lateral incisors 7 (3/4) 3.3 0 (0/0) 0.0
Canines 7 (6/1) 3.3 1 (0/1) 0.5
1st premolars 28 (17/11) 13.0 6 (4/2) 2.8
2nd premolars 33 (28/5) 15.3 13 (9/4) 6.0
1st molars 53 (50/3) 24.7 30 (28/2) 14.0
2nd molars 12 (12/0) 5.6 19 (18/1) 8.8
Total 149 69.3 66 30.7

17
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WA 151 W F 102 WelAd 1 A ool AT AMolgAo] wAH] A

ofN

ol QAo SHEL 67.6%=, B H(TO, 57.6%) ] H& FostA =9

(p<0.005) (Table 4).

Table 4. Prevalence of proximal caries increased during orthodontic treatment

Before During treatment p-value
(TO) (T1)
Prevalence (%) 57.62 (87/151) 67.55 (102/151)  0.0039 **
NIRI(-) (N) 64 49
NIRI(+) (N) 87 102

NIRI(-) : subjects with no proximal caries / NIRI(+) : subjects with at least 1 proximal caries
p-values were calculated using McNemar’s Test.
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=

Z 151 9o AR F 72 M (47.7%) oA 1 Jh oA AEE dxHd
Aotg-2o] #EFol wAHAE T AFW Aok WAELS 47.7% (72/151)
ojdTk. AW Hopkp2lo] wHAEA] 9k AeE 79 ¥ (52.3%) =2 THF
worow 17 Al Ag- 409 (26.5%), 2702 A 159 (9.9%), 3 /W] AF5
129 (7.9%), 4 7} 01749 A% 57 (3.4%) = B AF7t soldol upep HAy

Fo Aasit. ndAR T EAse AR Aok ¢4 Fo 0.87£1.24 JHAH

Table 5. Incidence and number of newly developed caries during treatment

Number of newly developed proximal caries

0, No change 1 2 3 4< Total
_ 26.5% 9.9% 7.9%  3.4%
Incidence 52.3% (40/151)  (15/151) (12/151) (5/151) | 100
(N/total subjects) (79/151)
47.7% (72/151)

Total number of newly developed caries : 132

Mean number of newly developed caries : 0.87+1.24
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A8 T B4

<

Qg

R4

Aopgae %

132702 EQlEglo

™ Zdetel A 10174

(76.5%), 3tetelld 3170(23.5%) wEsF, Aetelr atete] 3ul o] AT

Ao M= W, Ao}

wysgon, 1 e o}

A1 T2 (2970, 22.0%) oA 7HE B

QW A obg-4o]

A1 2T Q2TH, 20.5%), et A 2 AT (174,

12.9%), et Al 1 7% (167), 12.1%) «=° = ##= 9 th(Table 6).

Table 6. Distribution of newly developed proximal caries during treatment

Number of new proximal cares

Maxilla Mandible

Site N (Mesial/Distal)  Percentage (%) | N (Mesial/Distal)  Percentage (%)
Central incisors 6 (4/2) 4.5 0 (0/0) 0.0
Lateral incisors 5 (4/1) 3.8 0 (0/0) 0.0
Canines 3 (3/0) 2.3 0 (0/0) 0.0
1st premolars 27 (19/8) 20.5 5 (0/5) 3.8
2nd premolars 17 (13/4) 12.9 6 (4/2) 4.5
1st molars 29 (2712) 22.0 16 (12/4) 12.1
2nd molars 14 (14/0) 10.6 4 (4/0) 3.0
Total 101 76.5 31 235
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MA@ dojy Xz ejle] g3FS ety Rauxy ok wekA A (Gender),
A (Age), = Al Q@A Aofg-2 o] (Proximal caries at TO0) 2}

A7 7]ZF(Treatment duration), &% % (Type of appliance) 9} 2 X7 2<l9]

14
AEE QJIAE 2 EAES FRE oAfelM ZHzE 43.9%(25/57) ¢}
50.0% (47/94) 2  FAFSEATE <A™ dlel wE QlFW 49 MAES
10 t) 58.7% (44/75), 20 t) 34.8% (8/23), 30 th 46.2% (6/13), 40 T} 38.9% (7/18),
50 Al oldelA 31.8%(7/22)Z 10 dieflA tha =AW A A™d Hlw A
AR Foatzl skt vk, AR 24 ST H vl 24.2414.8 2
Mz §-2o] WAsHA] e FHTE §o5kA Wekth(p<0.05).

A5 A 7€ AW Hopg-Ao]l FAHAW Az A 2 ojF:Ae AE
AFE F MRS QY Xo}g2o] 58.6%(51/87) 1A TASR oY o= A7 A

2o o]FE X 9k ulo|gA}=2] WAy WISl 32.8%(21/61) Kt {f8kAl =kt
FA F5el E AR5 T AW Aol wAEL Conventional fixed
appliance oA+ 55.3%(42/76), Customized minitube appliance ollA

34.4%(11/32), Clear aligners oA 44.2%(19/43) Z YE}} Conventional fixed
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Table7. Incidence of newly developed proximal caries based on the host and treatment factors

Category Subjects Wit_h Subjects WiIh no p-value
new NIRI+ (N=72)  change (N=79)
Gender 0.46
Male 57 43.9% (25/57) 56.1% (32/57)
Female 94 50.0% (47/94) 50.0% (47/94)
Age
10-19Y 75 58.7% (44/75) 41.3% (31/75) 0.093
20-29y 23 34.8% (8/23) 65.2% (15/23)
30-39Y 13 46.2% (6/13) 53.9% (7/13)
40-49Y 18 38.9% (7/18) 61.1% (11/18)
50Y- 22 31.8% (7/22) 68.2% (15/22)
Mean age 24.2+14.8 30.9+18.1 0.014*
Proximal caries at initial (T0)
Yes 87 58.6% (51/87) 41.4% (36/87) 0.002**
No 61 32.8% (21/61) 67.2% (43/61)
Treatment duration (M) 15.0+£7.2 13.746.3 0.211
Type of Appliance
Conventional fixed appliance 76 55.3% (42/76) 44.7% (34/76) 0.169
Customized minitube appliance 32 34.4% (11/32) 65.6% (21/32)
Clear aligner 43 44.2% (19/43) 55.8% (24/43)

* p-values were calculated using chi-square test.
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AP A4S, HE FA TRl dislAE chisquare test & AAISATE Q1AW
o2l wlAge] Hd X B7|HE 137 AEolglon, s Fod iw
28] el W B AE7IHS 1 RS A 134 hE, 2 VRO A 148 7R,
3 M A% 176 WL, 4 7 o]Fe] ¢ 241 AMLE dehd, B AW 94
Ne7b S7tedes Ed A57|%0] FoaA F71eE G & AATH(p<0.05).

A= LAge AW 249 JHFETE 3 o]l F 17 9
thAak Ak = 15 W] thArAE7} conventional fixed appliance = AME-3F A2 UpER oL}

3

Q15 #] 9kt (Table 8).

Table 8. Effect of clinical factors on number of new proximal caries formation during treatment

Number of new proximal caries (NIRI+)
0 1 2 3 4<

p-value

Treatment duration(M) 13.746.3° 134+59° 14.8+67  17.6¢85 241488  0.0047*(a<h)

(meanzSD)
Type of appliance (N) 0.169
Conventional fixed appliance 34 19 8 10 5
Customized minitube appliance 21 7 3 1 0
Clear aligner 24 14 4 1 0
Total subjects (N) 79 40 15 12 5

* p-value for treatment duration was calculated using ANOVA test.
* p-value for type of appliance was calculated using chi-square test.
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H3 YA (Amy E Richter, et al. 2011; Katie C, et al. 2013). 943 7} F2H4x] 9]

FR @ 9T ATl w1 At Bolskgont R Fe AYelA F

N

WA E-0] =11, conventional fixed appliance 7} clear aligner XH.t} 211k Alof
okgttt B 115 Yt (Omar Alkadhi. 2021; Peter H. buschang. 2019). TE3F, 7]|&0]

wabge] £AT 49 vk ¥ SAUARS Rty Buwn 99 (Katie C.
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(dentinoenamelo junction; DEJ) ¢ Eg3sle] Aol YHE 2 AW A 5
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o Aderd s A 9A ou A (NIRD 4 7+2°] 7Hta7]el, & dATelM= 4%

Figure 4. Intraoral scan view with NIRI & bitewing radiograph on Maxillary first molar proximal
caries(Mesial)
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ABSTRACT

Changes of early interproximal caries
during orthodontic treatment detected

by intraoral scans with near—infrared

imaging (NIRI)

Byoungsoo Cho
Department of Dentistry
Graduate School of Yonsei University

(Directed by Prof. Chooryung J. Chung, D.D.S., M.S.D., Ph. D.)

General comprehensive orthodontic treatment involves the attachment of
various fixed appliances and the use of wires to achieve tooth alignment and
movement. It is reported that this increases dental plaque accumulation and causes

changes in the oral environment, thereby increasing the risk of caries development.
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Proximal caries detected during orthodontic treatment are very difficult to manage
and treat due to the long—term duration of orthodontic treatment and the difficulty
in accessing proximal surface due to wires, so it is necessary to identify the
presence of caries in advance and regularly track it before and during treatment.
However, proximal caries is not easy to detected by clinical observation, and even
bitewing radiograph, known as the golden standard for examination, cannot avoid
concerns about radiation exposure through regular imaging of the entire dentition.
Also, there are limitations because the sensitivity of detecting early enamel caries
is relatively low and a decrease in accuracy due to attached radiopaque

orthodontic appliances has been reported.

Intraoral scanners have become a daily routine for orthodontic clinics. Light
sources such as near—infrared (NIRI) has been installed additionally into the
scanners, converting the difference in transmittance of near—infrared lights for
sound enamel, dentin, and caries lesion into image brightness, which can be used
to detect defects that are distinguishable from sound enamel such as interproximal
caries, tooth crack, and etc. Recently, proximal caries detection using near—
infrared imaging (NIRI) has been reported to have high sensitivity and accuracy
for detection of early enamel caries. And near—infrared imaging is performed
simultaneously during the oral scan process performed during the diagnosis and

treatment of orthodontic patients without additional examinations, costs, or
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radiation exposure. The aim of the study was to quantify the prevalence and
distribution of proximal caries in orthodontic patients by applying serial full mouth
intra—oral scans with NIRI and to determine the changes associated with several

host and treatment factors.

151 Active orthodontic patients with serial full mouth intraoral scans with NIRI
at initial (TO) and at least 6—month into treatment (T1, 6—33 months) were
collected.. Interproximal sites of fully erupted/unrestored teeth in entire dentition
were monitored and NIRI Positive (NIRI+) whitish interproximal lesion which
reached/surpassed the dentinoenamelo junction(DEJ) was defined as proximal
caries lesions(NIRI+). Prevalence, distribution pattern, amount and clinical
factors (age, sex, type of orthodontic appliance, presence of TO caries, treatment
duration) associated with development of proximal caries during treatment were

evaluated.

The results were as follows.

1. The prevalence of proximal caries (NIRI+) before treatment (T0) was 57.6%

(87 out of 151 subjects)

2. Proximal caries was more prevalent in the maxilla(149, 69.3%) than the
mandible (66, 30.7%) . Proximal caries was frequent in order of Maxillary 1

molar > Maxillary 2" premolar > Mandibular 1% molar > Maxillary 1°
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premolar.

The prevalence of proximal caries significantly increased during active
treatment (TO, 57.6% ; T1, 67.6%, p<0.005). 47.7% of the subjects indicated

one or more new proximal caries lesion during active treatment at T1.

New proximal caries were more likely to developed in the maxilla(101,
76.5%) than mandible (31, 23.5%). New proximal caries were frequently
detected in the order of Maxillary 1 molar > Maxillary 1% & 2" premolar >

Mandibular 1% molar.

Ones with proximal caries before treatment (TO) indicated significantly
higher incidence of new caries development during treatment(T1, 58.6%)

than ones without proximal caries at TO(32.8%) (p<0.05).

Mean age of group with new proximal caries at T1(24.2y) was significantly

lower than group with no change (30.9y) (p<0.05).

The number of new proximal caries during orthodontic treatment was

significantly increased during active orthodontic treatment.

Key words: Proximal caries, Intraoral scanner, Near—infrared, Prevalence,

Incidence, Distribution, Gender, Age, Presence of proximal caries at TO, Type of

appliances, Treatment duration
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