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Purpose: The purpose of this study is to quantify the depth of enamel cracks using Quantitative light induced fluores-
cence-digital (QLF-D) and swept source optical coherence tomography (SS-OCT), and to compare the validity of detection
methods.

Methods: A total of 80 extracted teeth with cracks in the coronal portion or suspected cracks were selected. First, the non-
destructive devices QLF-D and SS-OCT were taken, and then histological evaluation was performed. Cracks was divided
into 4 types with depth of the crack: Sound, Initial crack, Moderate crack, and Dentin-enamel junction (DEJ) crack.

Results: As a result of the validity of the crack depth, the SS-OCT showed the highest sensitivity for detecting initial
cracks at 0.98, and the lowest sensitivity for detecting DEJ cracks at 0.70. When detected with QLF-D, the cut-off value of
the maximum fluorescence loss for detecting initial cracks was 5, and showed a sensitivity and a specificity of 1.00.

Conclusions: The application of SS-OCT and QLF-D in diagnosing cracked teeth will not only be effective in detecting
early stage cracks, but will also help to establish an appropriate treatment plan for crack progression.
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Sk AH] 2 FAY optical coherence tomography (OCT),

quantitative light induced fluorescence digital (QLF-

D), laser fluorescence 5°] UeF12. WA OCT=
1300nm2] A L)A FQ9| up-Z o]-g-sto] 2|of 24
5ol Felo] FeE & Xjo} LR 2 FH A=Y
9] W3S "AISk= 7] ]l:—'-— E}‘I] %”9& UrEPézF
ot} OCTE o}
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S, A7t @3 §EgZ ool QLF-De= 7M1
A F9 1} 5 FEN FY (405nm)E Zotel] AR
< wff XJo} o] Wield g Hendogenous fluoro-
phore) 2 & Ql5f| A=A JA9] 27} Fgol LHH
oH9, QLF-DE F2 X|o}$-41Z g0 o] 8|1 9lo
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£ Aol A= Z[okeAE, A ARATS, BASO
gl & 80712 HAE AFAE o8l AAlHst
I A shE Y A& A HI(RB)=HE 521
< 3 I HSIHEHIRB 14-0067).

7k A| O] A= 2|38 Hu|A (Fine grit CL-125,
Whip Mix, Louisville, USAYS o|-8stH 187 2144
T SRR AlIFSI o]F, AlH9| ZolE TYUSH
o517 Yol A< =T A (Lasungmedice, Korea)2} th
ojofE tjA3 (NTI-Kahla, Kahla, Germany)E ©]
8oto] ALRE FAkelal A RS ARGoIgit. Adgt
Zok= o328 EE(20 mm X 12 mm X 7 mme] 1%
H 2719 $9°1 9 mm AFY] %) TGl HAA7]
11 Z U AZ4E (DuoSil Putty set, Bukwang, Busan,
Korea)& AHg-sto] miE5H3IT. K AlHS #E BA49
TR 5 Foo ARz RE Q] #94 WAS WA |
18] 100% 483 AE R 4T W si9ct,

22381 H| R 2 24

oA AR 9J8f AlA 2 3 B3k AAKXL 3000:
3M-ESPE, St Paul, MN)Z 650 mW/cm’® €S AR
Sto] & 807119] Hd HH| AAF o= IYH 4
o] 2AsHAL -2 == AE 7IEsto] AT 174
9 I #E-Z A7FsISitt Xote] WA #ES AAst
£ 7182 YAg Aofo]| Aok v 4 5 1719
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A {9l QLF-D2F OCTe] &4 o
du]7(Polarized Light Microscope; PLM)°2.& H7}o}
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2.2.1. Quantitative light induced fluorescence

digital (QLF-D)

ZF Al HE 7AE TEl ol8sto] 5715 Al AskL A
H AHoIA QLF-DZ oJu| A& %055}‘29«
SYT 29| oA HFoIY, A ATEY 0]
ARE-BFATHC3 v1.16, Inspektor Research Systems BV,
Amsterdam, The Netherlands). A3} QLF-D2] 24
AZlE 10cm oM, Zte= 9= FAIoH] o] &
A AU 7|20 2 Wl Asg om| |9} FF o|m| A& A
ZY SISATh AR 2 Al ARESE 7|2} 7|6k o
T} 2t} shutter speed of 1/20 s, aperture value of

13.0, and ISO speed of 1600.
Y55 QLF-D ARloA o+ A AA7E Z3tE s
A1 18 $Asi900) Aot F2e) Brke e
AAlEH Maximum fluorescence loss; 4F max)irS Ak
43519131, o= QA2XE TF(version 1.25, Inspektor
Rese arch systems BV, Amsterdam, the Netherlands)
< o]&sto] A5

10 JP% )
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2.2.2. Swept source optical coherence tomography
(SS-0CT)

QLF-DW7Ie}t 2ot ¥ G99 Aot & o1&
A5 9l Y= 1310 nm, S 100 nm, It
7 gk &I 50-kHz9| g 0182t SS-OCT (Proto-
type, LG electronics, Seoul, South Korea)E AR&s}o]
_—r[.o:qu,] /R]X]-}qu‘ ILZ—L% _/_\_:_lﬂ‘lé S} _‘H 7]—?(]- e 1
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JotATt WPH 2oF L9 Hol= SS-OCT= A3Het
Yt ofn|A| 2 the Bl wre} I35} slof of
g Az H7}519tHFigure 1))

o2 HASIGLL
500¢m thickness® AF& A2417](TechCut 4TM, Allied
High Tech Products, Inc., California, USA)E ©]-&-5}
of AlHS Adolginh A & AJH| HgS A6l
flsl 714 Ak AlgsHA] 29kon AAREAHS 5
Farol = M At 2218k grks fisf Hgdn|

Z(Polarized Light Microscope; PLM, CX31-P, Olym-

pus, Tokyo)& o]-85to] 40u&3} 100 vi&= IHolal
olu|Z| & EFotirt. HFFnF R FG3l o]w]x|
Aot #E A= B7H= SS-OCT & 5t 7|%0 8 i
7ot thfigure 1).

24. A=A

SS-OCT¢} QLF-DE ©l83t Aoktd ©A 24
o] AFEE Hrlsl7] sl Cohen's kappas ©-8-5}
of AR Yl FA=E F7eklth QLF-DE °l8-st
of #49] AeE B7RE PG HIFmax)
Al cut-off value)& A&7 ol #+22 A=
Receiver Operating Characteristic’S -8+ 3 AUC
(Area under the curve)’} 7} Eli= 4Fmax®] A

outer 1/3 of the

Initial crack
enamel

Code 2 Crack line into the
Moderate | inner half of the
crack enamel
Code 3 Crack {11(’116 utp to the
DEJ crack | Enamel-dentin

junction

Code Description SS-OCT images QLF-D images Histologic images
Code 0 . Enamel
- No crack line o
Dentin
Coderd Crack line into the

Figure 1. Representative enamel crack images from all detection methods and histological

images (arrows indicate crack line)

ChStR|ZtolArESIX| RIGOH XI8S 2022 | 481




ORIGINAL ARTICLE

FHcut-off value)y& APYITE. E3F SS-OCTE EA$H
Initial enamel crack, Moderate crack, DEJ crack®] 9l
A%, Bol® EFgES AUROCE E-4519ct BAEA]
2 SPSS Statistics 25.0 SA| 171 x| L2 TZH(SPSS Inc,
Chicago, USA)E ol-&sdto] 95190, folss
0.05% 5}tk

£ Aol 23 A7A]= 5 807HE 2254 A
A AlEE dobsto] AA| FE 9] 7ol B 23 Y
ound 770(8.8%), Initial crack 3871(47.5%),
Moderate crack 2570(31.3%), DEJ crack 107H(12.5%)
9] Xjo} #d E2E Kt 225t HARE Hlof AA
Aot wE2 4 3}@] A7) Zlo|e} v w et Axt, SS-OCT
9} QLF-D F %t | B Fdo] Ao i Zol&
gR)6l= At Aohr 2  EfG = (AUROC)7H =7 LrER:
THTable 2, Figure 4).

2 AolA Bt SS-OCT+= I+

A A1 Hot
of A S TS AT, 7Y

o] EApsH=

Table 2. Validation of the cracked tooth detection methods

FRollA= 7 Ao] M Ho 2 YeRdtHFigure 1).
—T—Fcﬁ_o,] Z_]O]J:_ 111]9] 7—1}4—}]—7]— =] o]—?&_ﬂ_ }_Z] o]—Z—] 7—1
AR AT} 5+ E 0] A7t 571l Wk SS-OCT BEHH A
2o A 2] o+E Al M A ESE Aol7t STkt
S H= AJEE QLF-DE ol-&sto] 3= o QLF-D
H7h ARRIOA - A4 R g o Ao
A G Fo] 4E o] o F1- A P UEhlTh
AL SS-OCT Fad olujx2 7kt 99
Zo|et AA| H<4 Zlolete] AR %= Initial crackollA]
90%= 7F¥ #=3F2 4 Moderate crack®t DEJ crack®]
YA E= oF 70%5 e QLF-DE B71st #E9
Zole ARG HIFmax)ys £A0 o8kl
AR < Fo]2ke] YA k4= Initial crackol|4] 100%=
71} #=k0 ™ Moderate crack®} DEJ crack®] ¥A|&=
= 9F80%E HUEFITHTable 1). & 2] AA| Zol7F 57t
U5 SS-OCTE B7Fol= w22 A=7F 7RI

=2 x| A5 AA Zolet B7igt Zlojeke] A k=
JobxthFigure 2).

E3F QLF-DE #29 ol M3t g gad
F(dFmax)e 79 Hot Zold4E 4Fmax?] 4
diztol frolsHAl S7tsk itk Figure 3).

SS-0OCT QLF-D
Sensitivity 0.98 1.00
Inital Specificit 1.00 1.00
Crack P ¥ ) :
AUROC 0.99 1.00
Sensitivity 0.85 0.94
Moderate .
crack Specificity 0.91 0.97
AUROC 0.89 0.97
Sensitivity 0.70 0.90
DEJ Specificity 0.97 1.00
crack ' '
AUROC 0.93 0.98
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Figure 4. ROC curve of the cracked tooth detection methods

[2HOIARREIX]| M60H i8S 2022 | 483




ORIGINAL ARTICLE

Table 1. Number of cracks and agreement among the SS—OCT, QLF-D and histological method for the detection of enamel

1,}1;}144 (e} 1:1:] 1:1]71—59]_

1L 2 3
Histology crack code

cracks
Histology Number of cracks (%) SS-OCT QLF-D
Sound 7(8.8%) 7 7
Initial crack 38(47.5%) 34 38
Moderate crack 25(31.3%) 18 22
DEJ crack 10(12.5%) 7 8
Figure 2. Figure 3.
3 * 400
§ H 30.0 é
_; 2 i — -
ﬁ g8
o =
g ﬂ 200
@n 1 - *
“ 100 o
=
0 e .0 _—

1 2
Histology crack code

Figure 2. Box plot showing SS-OCT score in enamel crack code
Figure 3. Box plot showing AFmax of QLF-D in enamel crack code
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