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Assessment of Early Dental Caries by Using Optical Coherence

Tomography

Ji-Hyun Min™

Department of Dental Hygiene, College of Health Sciences, Cheongju University, Cheongju 28503, Korea

The purpose of this study was to assess the correlation between integrated mineral loss (volume % mineral x um, 4Zmng) determined using
transverse microradiography (TMR) and integrated reflectivity (dBx um, 4Rocr) determined using optical coherence tomography (OCT) for
detecting early dental caries with lesion depth more than 200 um, Sixty tooth specimens were made from sound bovine teeth. They were immersed
in a demineralized solution for 20, 30, and 40 days, The 4Rocr was obtained from the cross-sectional OCT image, The 4Zmr was obtained from
the TMR image. The correlation between 4Rocr and 4Zmwr was examined using Pearson correlation, The Bland-Altman plot was constructed
using the 4Rocr and 4Zmyr values, A significant correlation between 4Rocr and 4Zmvg was confirmed (r=0,491, p=0.003). Moreover, most of
the difference between 4Rocrand 4Znyr was included in the error section of the Bland-Altman plot, Therefore, OCT could be used as a substitute

for TMR when analyzing mineral loss in early dental caries.,
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Fig. 1. Bland-Altman plot between integrated mineral loss
(volume % mineralxum, A4Zmr) and integrated reflectivity
(dBXpum, ARger). The line in the center indicates the mean dif-
ference between AZmwr and 4Rocr. The two dotted lines indicate
plus or minus 1.96 times the standard deviation from the mean
between AZwwr and 4Rocr. TMR: transverse microradiography,
OCT: optical coherence tomography.
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Table 1. The Values of 4Zwwr and ARocr according to the Groups

Group AZrvr ARocr p-value’
Demineraliztionfor 20 days 10,491.66+2,663.507" 9,547.706+3,159.021° 0.435
Demineraliztionfor 30 days 14,581.33+2,398.267 10,894.53+2,540.768" 0.002
Demineraliztionfor 40 days 16,667.65 ir2,905.525b 11,198.83+2,740.742" <0.001
p-value <0.001 0.413

Values are presented as meantstandard deviation.

TMR: transverse microradiography, OCT: optical coherence tomography.
**Values with the same letter superscripts are not significant in Scheffé’s multiple-comparison test at a.=0.05. “p-value was obtained
from paired t-test between integrated mineral loss (volume % mineralxum, 4Zmvr) and integrated reflectivity (dBxum, 4Rocr)

values.



J Dent Hyg Sci Vol. 16, No. 4, 2016

Hd 27194084 B2 X2 $AWad fs] TMRY
OCT 7ke] ko] ehal ARk 397} ol ool ek 2227,
a2y 2 Ao A A3 Al HL 20D ol A 40274 A]
Aol &3]2 FeP3}o] 215.20 pmol|A] 450.49 ume] ¥ ¢ o]
7o W2 Zlo] 2 71422 9l t}H(data not shown).

TMR #4& 27192840 #7124 e A ti

e gou}, BAL galaE AL Aekalo} o,
oF 100 um ] slice2 A Ztsf okt girt. o] A o G2 =Y
o] Zg 9 Wyt olyz} Huw 2 AR A3 A|H| &
o] 91 & Uk, B Ao A= %7] 60719] o

AlH& AZFsl o, TMR #995 913) Al S 100 Mm—4
slice2 A2t Sl 26719 AJA A4do] A8} et w3k
TMR #4-2 A|H-& gH3fjof tug Fd ¥ae 772
Hstol| th3l| F2 2 4 0] B7l53}tt.

G OCTE ©]-8-8lH v H 0 8 2 a4 A
7F A 9% B5o] sbssitt. 279w el i3]
OCTE &85 HA 2 T3 9} (cross-sectional image)
2 95 4 glor, o] TMR E+ #3333 u|H(polarized
light microscopy) ol A A &-5h= 271211 40 T3 A}
3} wfl-§- FAFSIEE o] AF-ellx= HB AR OCTo|
A ZA% A7 o] R 7] 924 2l o] Thel 0.64¢]14
0.832] FBAFE st ov ™ AZng3t ARocr 7+
ol 0.50%, AFAT FolM & AZ3 dRocr 2l
0.769] 4BAFE FAsAThp<0.05)™. & AFolN %
AZmr? ARocr ZH] Frolgt 23ddAIZE E=glo
(r=0.491, p=0.003), Bland-Altman ploto|A] @2} 7+ W
o & 7‘*94 zto)7h g1 = ATt ks TMRS th4lsho
OCTE 27194 as] A4 341 2 4% 246 o83
F 9e Aoz AztET,

2 AFZAHA 204, 30

l

F

jita)

o, 4099 ©3]7]7te]| et
TMRZ &3] 94L& AAFEA dZnrolM = F28 2
o]7} 8l &2 21 (p <0.001), OCTE &H 35} A& dRocr
AME gk &Fol7t AT (p=0.413). o]= A|H A&
23515 A A 23805 210 wAsHe] 20 &3]3
Zoel 3047 409 &3]3 Ao} 7t &3] e A}ol
£ FAsdert, ol Aolrt 7] Hohg-2 &A1
gold standard & 051741] TMROX & HL3HA A=

ou}, OCTolAE F2l@ Aol Hel=lA g Aoz 4
Zt e}

2 Q7o) Alad e Ax AbgtAloke] AR 27]9-4
27} old -39 Q1 F A 0 7 FAJT 2| S AHAE o] S
sto] A1t Atk A

olc}. e} AbgRlote} 2 Ao] Hl%
shglom, ol EHe] Ao gl

ok

922 dl ol

Aoh--2H g AHS Tt 2 9723, 4Zmr? dRocr
29135} 9 2. H(r=0.491, p=0.003),
Bland-Altman ploto| A= 4Zme@ dRocr 1He] z}o]7}
92} 71 Yloll 1=} whelA TMRS i Al3le] OCT
2 ggatA vgFH oz 27924 2] & o}
golo] 7h5alt}h. Bulk ofUz}, X|FelAakeA] OCTS ¢
3tH 2719 AW A0 €x W nUE g, 183 27|41
28] A% gjoto] 7hsatH, o] whE AAWH e A4S
aRHo g T F IYE ALR A7t

2 o

TMR-& %7]-¢-2] #71¢] gold standard 2 7 X} A|H

& 3stolofit AR 7714 UES BT 5 gl A
A olct. Let} OCTE w9 49l AAbg o2 g abolA
£ 271940 Shlehs o AHSSIEE B AT 64 E 200
um o]/¢e] 212 HFAd %7]-9-2] oA 2] OCT2} TMR A
3} integrated mineral lossgt 7Fe] A4S EQlsl A}
3H4IEk. 200 um ]3] ZolE e ANF 27| PLES

71-¢-

A =Fst o] TMR (4 Ztwr)# OCT (4 Rocr) o4 T3t integ-
rated mineral lossE 7}7} 73to] AdA 228 A3

© 1 Bland-Altman plot& 18 5+ 3t 7+¢] 2.4} —%
A3t 9tt. dRocrd AZmvr ZHoll= 23 A4 Ad o] 8Hel
=212 H(r=0.491, p=0.003), Bland-Altman
AZmvr?} ARocrdk 7+2] ZFo] 7} A <] ‘:H—r‘r‘ L ]':ILZ_]_' i
o Q= Ao] ERIxo] F FA Whl 7he] oAU A2 Ao

2 FAEU. wEA A delA OCTE E-8shd =

gAgae] 9 8 mUE Y a3 27]9-40 a4
= sfoto] 45 Ao oA
A2 2

o] E=E-2 2015~20173hd c o]l FF o sta Bl g
stATaTt ALE e AT (S E AT Al o4
AT EAE

B AT 4TS 97 919 Be A2 H e FAL AN of
NA kol AAistm ABhs Au e w4 Iwate
Medical University School of Dentistry 2] Daisuke Inaba 1l

A e Ak wee =y,

References

1. Aoba T, Fejerskov O: Dental fluorosis: chemistry and



2IX[ed: OCTE OSH £7| X|OHRA] HAL

10.

11.

12.

13.

14.

15.

biology. Crit Rev Oral Biol Med 13: 155-170, 2002.

. Featherstone JD: The continuum of dental caries--evidence

for a dynamic disease process. J Dent Res 83 Spec No C:
C39-C42, 2004.

. Usha C, R S: Dental caries-a complete changeover (part I). J

Conserv Dent 12: 46-54, 2009.

. Pannu P, Gambhir R, Sujlana A: Correlation between the

salivary Streptococcus mutans levels and dental caries
experience in adult population of Chandigarh, India. Eur J
Dent 7: 191-195, 2013.

. Jeong SJ, Apostolska S, Jankulovska M, et al.: Dental caries

risk can be predicted by simply measuring the pH and
buffering capacity of saliva. J Dent Hyg Sci 6: 159-162, 2006.

. Choi YK, Kim KM, Park DY: Risk of food intake between

meals and experience of dental caries among young Koreans.
J Dent Hyg Sci 11: 361-365, 2011.

. Bahrololoomi Z, Ezoddini F, Halvani N: Comparison of

radiography, laser fluorescence and visual examination for
diagnosing incipient occlusal caries of permanent first
molars. J Dent (Tehran) 12: 324-332, 2015.

. Olmez A, Tuna D, Oznurhan F: Clinical evaluation of

diagnodent in detection of occlusal caries in children. J Clin
Pediatr Dent 30: 287-291, 2006.

. Tassery H, Levallois B, Terrer E, et al.: Use of new minimum

intervention dentistry technologies in caries management.
Aust Dent J 58 Suppl 1: 40-59, 2013.

Pretty IA: Caries detection and diagnosis: novel technologies.
T Dent 34: 727-739, 2006.

Kim HE: Quantitative light-induced fluorescence: a potential
tool for dental hygiene process. J Dent Hyg Sci 13: 115-124,
2013.

Min JH, Inaba D, Kwon HK, Chung JH, Kim BI: Evaluation
of penetration effect of resin infiltrant using optical coherence
tomography. J Dent 43: 720-725, 2015.

Maia AM, de Freitas AZ, de LCS, Gomes AS, Karlsson L:
Evaluation of dental enamel caries assessment using quan-
titative light induced fluorescence and optical coherence
tomography. J Biophotonics 9: 596-602, 2016.

Shimada Y, Sadr A, Sumi Y, Tagami J: Application of optical
coherence tomography (OCT) for diagnosis of caries, cracks,
and defects of restorations. Curr Oral Health Rep 2: 73-80,
2015.

Lee RC, Kang H, Darling CL, Fried D: Automated asse-

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

ssment of the remineralization of artificial enamel lesions
with polarization-sensitive optical coherence tomography.
Biomed Opt Express 5: 2950-2962, 2014.

Cara AC, Zezell DM, Ana PA, Maldonado EP, Freitas AZ:
Evaluation of two quantitative analysis methods of optical
coherence tomography for detection of enamel deminerali-
zation and comparison with microhardness. Lasers Surg Med
46: 666-671, 2014.

Lee RC, Darling CL, Fried D: Automated detection of remi-
neralization in simulated enamel lesions with PS-OCT. Proc
SPIE Int Soc Opt Eng 8929: 89290E, 2014.

Huang D, Swanson EA, Lin CP, et al.: Optical coherence
tomography. Science 254: 1178-1181, 1991.

Fercher AF: Optical coherence tomography-development,
principles, applications. Z Med Phys 20: 251-276, 2010.
Chan KH, Chan AC, Fried WA, Simon JC, Darling CL, Fried
D: Use of 2D images of depth and integrated reflectivity to
represent the severity of demineralization in cross-polariza-
tion optical coherence tomography. J Biophotonics 8: 36-45,
2015.

Amaechi BT, Podoleanu AG, Komarov G, Higham SM,
Jackson DA: Quantification of root caries using optical
coherence tomography and microradiography: a correlational
study. Oral Health Prev Dent 2: 377-382, 2004.

Natsume Y, Nakashima S, Sadr A, Shimada Y, Tagami J,
Sumi Y: Estimation of lesion progress in artificial root caries
by swept source optical coherence tomography in comparison
to transverse microradiography. J Biomed Opt 16: 071408,
2011.

Inaba D, Tanaka R, Takagi O, Yonemitsu M, Arends I:
Computerized measurements of microradiographic mineral
parameters of de- and remineralized dental hard tissues. J
Dent Health 47: 67-74, 1997.

Arends J, ten Bosch JJ: Demineralization and reminerali-
zation evaluation techniques. J Dent Res 71 Spec No:
924-928, 1992.

Louie T, Lee C, Hsu D, et al.: Clinical assessment of early
tooth demineralization using polarization sensitive optical
coherence tomography. Lasers Surg Med 42: 738-745, 2010.
Thomas RZ, Ruben JL, de Vries J, ten Bosch JJ, Huysmans
MC: Transversal wavelength-independent microradiography,
a method for monitoring caries lesions over time, validated

with transversal microradiography. Caries Res 40: 281-291,



J Dent Hyg Sci Vol. 16, No. 4, 2016

2006. 28. Jones RS, Darling CL, Featherstone JD, Fried D: Imaging

27. Fujimoto JG: Optical coherence tomography for ultrahigh artificial caries on the occlusal surfaces with polariza-
resolution in vivo imaging. Nat Biotechnol 21: 1361-1367, tion-sensitive optical coherence tomography. Caries Res 40:
2003. 81-89, 2006.

262





