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Purpose. The aim of this study was to evaluate the relationship between the pa-

gRCGI o IDS:L\h tient’s occlusion and a cracked tooth by using T-scan occlusal analysis and a quan-
o-Gwan Ahn K
https://orcid.org/0000-0002-2583-2108 titative light-induced fluorescence (QLF) technology. Materials and methods.
Jin-Woo Choi This study was carried out on 51 patients having cracked teeth between January,
https://orcid.org/0000-0001-7426-6328 dD b 2020. Th h Kk d ined with d
Yuseong Kim 2019 and December, . The tooth crack was determined with a Q-ray pen an
https://orcid.org/0000-0002-7059-7629 QLF parameters (AF,,, and AR,,,,) were obtained by a Q-ray software. T-scan tests
Se-Wook Pyo were conducted to all subjects and then, the occlusal force and disclosing time
https://orcid.org/0000-0003-1835-8302 .

Hee-Kyung Kim were analyzed. Mann-Whitney U test was performed to compare the occlusal

https://orcid.org/0000-0002-9079-6086 force and disclosing time between cracked teeth groups and contra-lateral normal

teeth groups (a = .05). Mann-Whitney U test was performed to compare AF,,,,, and
AR, according to the results of cold/bite tests (a = .05). A Spearman correlation
analysis was run to determine the relationship between AF,,,, or AR, and occlu-
sal force or disclosing time (a=.05). Results. The mean occlusal force and disclos-
ing time were significantly higher on cracked teeth than on normal teeth (P < .05).
The AF,,, or AR, Were not significantly different according to the results of cold/
bite tests (P > .05). There was no correlation between AF,,,, or AR,,.. and occlusal
force or disclosing time (P > .05). Conclusion. There was a significant relationship
between occlusion and cracked tooth syndrome. QLF has the potential to be a
valuable tool for the diagnosis of tooth crack in clinical practice. (J Korean Acad
Prosthodont 2021;59:271-80)
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= o8] AR 424 tEA 49 3§ /06l 21 F 1
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(craze line), W3} (cuspal fracture), 2okt (cracked
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A7gel4olUslo] 59l 3

2 A7 ofFrjstmyel

o] A &Yt THIRB No. AJIRB-DEV-0OBS-19-142). 2019\
3¢€ 195 2020 12€ 31¥7H7] ofFtista g x|tz
SATE 2|aE Ao Wds 22 F AP} 287|ES
Z5H 2okt FE T O 2 M A& 170 o) 7HA| L
Aoyt 5 o vithZolle A4 2|otE 717l 3 519
ti/d o solch o, titA] o8, 2 28, 94 o, v|7]
A F ol A A7t U= B Ab= AT (Table
1).

Table 1. Inclusion and exclusion criteria of this study

Inclusion criteria
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ray pen (All-in-one Bio,
Korea)& &3l #2AlE elto=y 1Ysigict
83 YAAHcold test)?} wAAHbite test)S A3y
ot WA AR W7 cotton pelletS O-88H0] -/+/++/+++
2 FESI9ITh AFHAE cotton roll o83l -/+ 2 &
st3lth. o]ojA Q-ray AAMS Hastich. 2™
£33 % Qray pend °|§sto] 2okt A5 Tl olghH A
HA )2k Bt E A/d=]ote] FFA (Hzd)e 29
Sttt (Fig. 1, Fig. 2). #9E F A2 Qra
(All-in-one Bio, Seoul, Korea)ol]| =& $t -'?-
HO1E AAstqinh 2 AtolX= x]ot AR+ ’d A1

O =HgF
= & °

¢}

Exclusion criteria

- Patient diagnosed with cracked tooth syndrome in more than
one molar

- Patient with normal tooth on the opposite side of the same arch

- Past dental history of restorative treatment on molar diagnosed

with cracked tooth syndrome

- Past dental history of endodontic treatment on molar diagnosed

with cracked tooth syndrome

- Past dental history of dental trauma on molar diagnosed with

cracked tooth syndrome

- Patient with parafunctional habit
- Patient with missing molar

Fig. 1. Tllustration of principle of quantitative
light-induced fluorescence.

Fig. 2. Example of quantitative light-induced
fluorescence images using Q-ray pen. (A)
Flurorescent image of cracked tooth (test
side), (B) Normal image of cracked tooth
(contralateral site).
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F2[0](Q-ray)2t E|AZH(T-scan)2 AFE$H X|OH

AES 3 (cracked
tooth syndrome)2t 18} Ato]2] AztatA|of Chst £

Fig. 3. T-scan test for analyzing occlusion.

mm zoneS A5 ©] zoned 7|F 0 & P FAA
T (AF )2t H AP FE(AR,,) & AP O R0l A
=25ttt o] T-scan I (Tekscan, Boston, MA, USA)
= o] &3 WAHALE Al (Fig. 3).
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Fig. 4. T-scan analysis of Occlusal force.

Sjulaict. cigh, 7% olglel Hobt 2 fEE ek

ASL s x|o} o]9]o] 7x|7} o] & wirtA| Q] AJZFS =
AstAch ARH L Aurdstelz siglon £He e
2|7} o]l Al o2 Btgi). 3o AledolA] e Alg

Zre] B34S o] 25kt
A x|oket thRt x|of ZHzol| tieh &S FAl

N

=

(Single tooth working disclusion time, SW), H 2= &

(0]

L AJZK(Single tooth non-working disclusion time, SN)
2 Sttt =] Al 42 obg WA FEAZE
o] Z4 At 71 Ao, o] et 3x19] AJFY
oA 2 A Het gk o 8ottt WA, AT
T} ) 27 7Hll AF 0y, ARpa, AH2 287 E, SW, SN, SW/
TW, SN/TN2] Ztell &to]7h Q=2 2451t o 714 SW/
TWek SN/TN2 HA| 2+39] fFEAZEE BAtaA ok &
7 #|oke] FI=AIZEY] H &S Se5he o]0l

= flo]E]&= SPSS statistical software (v25.0, IBM,
Chicago, IL, USA)& AH&sto] A5kt 4, A4
A4S 3t Shapiro-Wilk testE Al¥sta, & Fof
A At FEZE THEoHA] 2SR et Mann-Whltney
U testE o]&sto] A} izt 7o) 4] wetd e,
SW, SN, SW/TW, SN/TN %te] to|2 BA519tt (a = .05).
o) w AFTI Y2 7 W] S B S re-
ceiver-operating characteristic (ROC) curves ©]-&3l
o] 7} 24&H459] cut-off value E o] w2 ‘317PE$} E
olEg Tt (I 2UA2 A P2 Aobsg
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AL Axtoll watA AF,,, (%), ARy, (%) 4] kol 7k QL
2] AmH 12} 59k YA At cold ()2 cold (+++)
2 ZAAFE ZJob= g1%17] W&ol cold (+) &2 cold (+) &
o7 FRS S o] 5 o] TEHHSEol tie A A =
Mann-Whitney U testZ ©]-83l F w7t 2ol & 4513
o} (@ =.05). 133 cold ()72} cold (++) +EA| & AT
= Ao x]olE = bite test A 7ol wEkA AF,,.
(%), AR ax (%) 24] ZFo]7} Ql=A] A 7] 9]5) bite (+) =
I} bite () #o& BFF T ol 9 F&HHSE0 dig A
3 A% & Mann-Whitney U testE ©o]-&a} & o7t

ol& A5t (a =.05). Z} #7+e] 2ol & H| A sh= 9
A|I74A] SAEA oA Zb #7F AT 55 H7t
5k7] ffsf &
(ROC) curves o|-&alf 24513} ufA|2 Q& AF,,,,, (%)
A WY E(%), SW, SN, SW/TW, SN/TN 7He] AR

Al Spearman correlation analysisZ £415}3]}.

7}H O & receiver-operating characteristic

o] &4dJAjL 28

g, /g2 23750l k. A FhRfe] ot A2 50.94 AT

T4 HeSo) oigh A4 A& 91§ Shapiro-Wilk test
4 i‘;’ii} (P>.05) (Table 2).

7] o Mann-Whitney

=, SW, SW/TW, SN/TN

Table 2. Shapiro-Wilk test of T-scan data

Group Statistics  P-value
Relative occlusal force (%)  Crack (+) 0.897 <.001
Crack (-) 0.971 252
SW Crack (+) 0.952 038
Crack (-) 0.900 <.001
SN Crack (+) 0.903 .001
Crack (-) 0.960 .080
TW Crack (+) 0.861 <.001
Crack (-) 0.970 231
TN Crack (+) 0.840 <.001
Crack (-) 0.960 084

SW: Single tooth working disclusion time, SN: Single tooth non-working
disclusion time, TW: Total arch working disclusion time, TN: Total arch
non-working disclusion time.

https://doi.org/10.4047/jkap.2021.59.3.271

CHetX|ap2 Mets| x| 593 3%, 2021 7

Hee 7 {5l a2t BA- o= fofn|dh ol & Hict
(P <.05) (Table 3). Jthd wetd=g EH Agiol Hot
2 22.08%, 2] A WP E Hre 16.14% = A
o] BAKN SR FolulstA &9kt (P<.001). SWS EH
Ao -2 0.60, 2T Hvt-2 0.472 Aol &7
o2 qoJu|shA &4ttt (P < .05). SNE HH Ag7e| 3
T2 0.38, hZ279] FFL 0.322 & 7H] 2jo]= EAFC

2 39t ato]7t QI (P < .05). SW/TWE K
H-20.80, th2w2] HH2 0.652 AFdo| T4 ]149& =)
oJu|3tA| =9ttt (P < .05). SN/TNS EH AgF =
0.84, th279] HH2 0.692 Aol EAZHOZ Fo
Al =%k (P <.001).

TS ROC curve 24 Ax} 7+ 24L& LE9] cut-off
value®} ojufjo] qiztze}l Eolw 5 ZAFSIATH (Fig. 5). 4
& w3 =0l 742 cut-off value: 18.502.2 o|ufo] 7l
ZEE 63%, Eo| = 73%& LEpTE Tvvsq ko
value= 0.6952 ojujo] M7= 510, E0]=+& 5302 Lt
Elstth TNQ 72 cut-off value= 0.490°2.2 ojufjo] 77+
T 49%, B0l 43% = UEGTH SWe| A9 cut-off
valuet 0.4552 o|uje] RIZE+= 63%, E0]=E 60%= Lt
Rttt SNO| 9 cut-off value= 0.3352 o|ufje] Iz =
£ 57%, okt 61%E YERGTH SW/TWS] %2
valuet 0.7342 o|ufj] RIZ T+ 73%, Eol%E+ 71%= L}
E]-‘;}E} SN/TN9] 72 cut-off value= 0.782= o]uje] ®l

= 69%, E0] = 69% 2 LFETE

1o
a=

ol
-

cut-off

2 cut-off

Table 3. Mann-Whitney U test of T-scan data between each group

Crack(+)
(N =50)

Crack(-)
(N =50)
Mean * SD Mean * SD

22.08 £7.163* 16.14 +£5.020° <.001

P-value

Occlusal Force (%)

SW* 0.60 £0.339¢  0.47 £0.257¢ .025
SN 0.38£0.183° 0.32£0.134° .082
SW/TW# 0.80 £0.206°  0.65 £ 0.2748 .001
SN/TNS 0.84+0.177" 0.69%0.196 <.001

Different superscript letters in each row represent statistically significant
differences based on Mann-Whitney U test (P <.05). SW: Single tooth
working disclusion time, SN: Single tooth non-working disclusion time,
TW: Total arch working disclusion time, TN: Total arch non-working dis-
clusion time.
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F20|(Q-ray)et E|AZ(T-scan)S AtE ¢t X|OkFEZSE 2 (cracked
tooth syndrome)2t 18} Ato]2] AztatA|of Chst £

ROC Curve

0.8

0.6

0.4
F Source of the
Curve

02| — AF,, (%)

—ORye (%)
0.0

— Reference Line
0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity

Sensitivity

Fig. 5. The receiver operating characteristic (ROC) curve of
each value used to obtain the new cut-off value.

Aot BT T2 XHE X|obE cold (++) LEFH

cold (1 LFLE trof Zk F3toll AF,,, (%)% ARpa
T

PN
>~
>
_0|L
32
&
l,r!
g.
T
=
o,
[
el
i)
g,
T
kS

B
>~
=N
ol
38
ul
&
[
o
e
Fu
ofN
1P
rE
n 3
il
e}
2
e
ox
=N
ox
o
oxl

% S
< A3t Shapiro-Wilk test 23 25 14dS w=4] okt
o} (P > .05) (Table 4).

A& w2 7] wi2o cold (++)1 2&3 cold (+)
15 7+e] #}o]& Mann-Whitney U testZ ©]&3f 245}
Ak AF,. (%)2] 74 cold (++) 9} H#ZH -13.00°]
I cold (1)1 9] HFZ2 -12.510.2 EA X o2 {9|n|
gt fola}t g 4= QIiTh (P > .05) (Table 5). ARy (%)) 749
cold (++)9] FFEH 16.17°]1L cold (+)2] HHZH 12.56
o g FAACRE Fou|gt xtolzt & 4= At (P > .05) (Ta-
ble 5).

E3t cold (++)73t cold (+)t 7He] AHXTE F587Hs
23l ROC curve 242 o]-83}0] AF,,, & AR, 24 cut-
off value®t ojwjo] RIZFE el Bolw g AR A} AF, =
cut-off value7} -23.252 oJujo] RIZFE &= 420, Eolx &=
51%%ch. AR,,..= cut-off valueZ} 20.502.& o]ujo] 717}
&= 58%, E0l == 59% Tt (Fig. 6).
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Table 4. Shapiro-Wilk test of Q-ray data for cold or bite test

Group Statistics P-value
AF g (%) cold (++) 0.889 113
cold (+) 0.921 .009
AR,y (%) cold (++) 0.824 .018
cold (+) 0.786 .001
AF,. (%) bite (+) 0.938 .041
bite (-) 0.895 .096
AR, (%) bite (+) 0.814 <.001
bite (-) 0.791 .004

Table 5. Mann-Whitney U test of Q-ray data between each group
Cold (++)

Cold (+)
Mean £ SD

-26.85 * 14.442° .965
14.31 £ 16.934° 428

P-value

Mean * SD
-27.56 = 13.33
18.17 + 14.16P

AFmax (0/0)
ARmax (0/0)

Same superscript letters in each row mean the values are not significant-
ly different base on Mann-Whitney U test (P >.05)

ROC Curve
1.0
038
> 06
=
B
[
O
D 04
Source of the
Curve
0.2 —— AF,,. (%)
— AR (%)
— Reference Line
O'%.o 02 0.4 0.6 0.8 1.0

1 - Specificity

Fig. 6. The receiver operating characteristic (ROC) curve of
AF . and AR, used to obtain the new cut-off value in cold
test.
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WAL A3 bite (H)Q L& bite ()91 5= H43
< TEA] 9t7| ol 15 7+e] Ako]& Mann-Whitney
U testE °]-&3l £AsIATh AF,,. (%)2] 73 bite (+) &2

T2 -13.29, bite () T2 H3t -10.8702 FAZH o=
Folu)st ztolat & 4= Gigict (P >.05) (Table 6).

AR o (%)2] 73 bite (+)2] B34 14.43, bite ()2 3
w2 10.7102 FAH o2 [oln|gt xtol2t & 4= gl
(P >.05) (Table 5).

o

rol

Table 6. Mann-Whitney U test of Q-ray data between each group

bite (++) bite (-)
Mean = SD Mean = SD Fvallle
AF,..x (%) -28.41 £ 15.882 -23.33 = 6.452 526
AR,y (%) 16.00 £+ 17.08P 13.21 +14.33 536

Same superscript letters in each row mean that values are not signifi-
cantly different based on Mann-Whitney U test (P >.05)

ROC Curve
1.0 /—:’
7
ral
0.8 F

Clietx| ot & Ste| X 594 3%, 20214 7

TE49%, Eol =& 50% Tt (Fig. 7).

Spearman correlation analysisE ©]&3a}o] AF,.,, (%)
oF At A WA= (%), SW, SN, SW/TW, SN/TN 7+9] cor-
relation coefficient (1)< A4t A3} AF,,.,, (%)= SN/TN
= Aestile & MeEY BAA R fold dHiAE

Ho| x| &3kt (Table 7).

Kfole] Z T 4Al (AT, )2} 2Tl
G E(AR, )2 Bholl= §-oJmlgh 2fo] & HolA] ettt (P
>.05) (Table 4, Table 5). W2bA] & A7o] Swx] 77714
= qich 717 x|oke] 2t FAA E(AF,,,) 2t A

rlo
2

WA=, FR K= Al H4 Afololl= foju] gt A7t
> 0.6
= Source of the AR AT wbA 2 AT AR 77 Z s
= Curve o
é / —— Relative occlusal et
04 e FIAZ AR AP tizgo] vlsto] FAKoR ¢
) 1 e oJula] e Aoy AFYFES Hof Zet w3} 2ot
02/~ . FEEHR) WY 20 HBBAE 3L 5 A (P <
SNUNDT 001). AP L5 BAA ag Aloke] Al ZugEATH
— Reference Line
o AlE = slo] Exldoz ©
gt ————————— (SW)e] B¢ ABolA thzzol lsio] AL gojn]
1 - Speciicity 3Pl B 52 222 ek o2 59l A3 254 1%
S Huo Alolrdz TRl Wy 7o) Anaizt A5
Fig. 7. The receiver operating characteristic (ROC) curve of - _ _ o -
o Skxlol stk o] H]|AF]= =H}O - A]7 o] Ao
AF,... and AR, used to obtain the new cut-off value in bite ATk, SHAIRE Al X| oo} B U S SYFEAIRKEN) 2| 4+
fest. £7H 02 gonjg Aake wolx| sttt (P> 05)
Table 7. Spearman correlation analysis of Q-ray data between each group
Occlusal Force (%) S\ SW SN/TN SW/TW
AF . (%) .039 201 .061 -.058 -.016
https://doi.org/10.4047/jkap.2021.59.3.271 277



F20|(Q-ray)et E|AZ(T-scan)S AtE ¢t X|OkFEZSE 2 (cracked
tooth syndrome)2t 18} Ato]2] AztatA|of Chst £
SW/TWE] 3¢ Aol tiz et SAA = foln]
A =2 ZHe ERHIT (P < .05). SN/TNS]| 79 5t 4
Folq tizzutt BAMo 2 Selushl &L ke 1t

o

"] H H =
Bato] ZAE ol A& whgo|ch, AyATolA ARz
S 4% e Ffelntet £t 2 5ot e

o

= v

=
=
L5 AT AZF o 2= WA SW5S 5k & U
R

Z]ofo|| 7}l A= 7ot Wt n} MEeE AHA 2 015k 1]
- X|ote] H|ZQ] S T o] Aol dT TS Fod 4 At
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