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A28 37 (Quantitative Light-induced Fluorescence

technology)S ©]|-&% B&A & AS HZFd 44F FU}

KXNE=ngF: F 5 A>

AATHSIL et X o] ot}

Al

Hgd ddold Aof FHolM Alztste] W] g HdS 9

n] &} (Lubisich et al., 2010). w#<¢] W gelor wghy o} e, o
Zrol, 3lA I AE, FEE A T O udd dedEo] B IuHT)

(Lubisich et al., 2010). X|o} WAL B2 A A A A ¢ite] o H
F2 7d A gt =Fo] Qo] skth(Dumbryte et al., 2016; Dumbryte et

al., 2013; Kitahara-Ceia et al., 2008; Zachrisson et al., 1980). X]o}xul
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A%, Aetn nee B GRS ofadY A7 o g A 1%

Hir

HEd wdS g@Qshyl fall EAAE gideR® o] ATolA
polarized microscope (PLM), scanning electron microscope (SEM), micro-
computed tomography (micro-Cl)e= ©]&3Ft}(Bishara et al., 2008;
Clark et al., 2003; Habibi et al., 2007; Landrigan et al., 2010). ©] %
PLM=}F SEM=> Ao} et H7b Al s3]l X|of A A 2tahAg o] Qs

53] SEM2 107°-107 Pa®] & dtellx] AlHE #Esty] gigo 2% 344 F

2
e

| Ado] F7t=2 Ay = dve ©do] Ut (Dumbryte et al., 2013).
Micro-CT+= wv]Itd] A<l Ad ol wt g %=7F 40 umz A|gtE o] W=

1 Eo|L7) Wojx= Ho|t}(Landrigan et al., 2010; Lee et al., 2016).

o

A Abol A= transillumination, swept source-optical coherence
tomography (SS-OCT), quantitative light-induced fluorescence technology
(QLF technology)”7} ol-&% i Ath(Imai et al., 2012; Jun et al., 2016;

Zachrisson et al., 1980). Transillumination< w49 49 e HAA
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Zachrisson et al., 1980). SS-OCT+ X|o}¢] 3]tk
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7Fs s A RE 2o} 7)F 7FA]
= 2o Mg 2 do] HIPF ot dA7F Atk(Imai et al., 2012;
Leao Filho et al., 2015; Zachrisson et al., 1980). T3l SS-0CTE= 71 3%

o A W o] §Im o} ErolA Wo] Agkui= o] Wol 3

1 =X

==

B
7F 7] wiEell QUF technology®t e IebA s} Hlal A RIZHESL S0l
7} @) ko sl tH(Dumbryte et al., 2017; Jun et al., 2016). & <toll &
H¥ QLF technology:= 405 nm 39 HlS FAlgto 24 X olo|A] Hay =
YFGS o] &k ek AAujojtk, HS Xofe] FAfstH g Xofe] A
¢ Ho] Aol-wE BAZA Fag FH O owAEAEA A FF(auto-
fluorescence)o] TAsHA Hrh., wbA WHFd #d F v do] AghE A
ol AAH ofF A Holed oldd FF AeolE 5% B9 B4
AZEOE ol &s] g BAA 2 AZFA HUPE 7bed Avlelth(Jun

et al., 2016).

g AN o] B holE AFH R VR Ay A iy mEbA 2
Aol M= QLF technologyE °l83tel MR wds A4 A 4=
Hrrstaal gk, Al AT Bl A F UFE 7d A,

dol, o7k WglelA] @ Aow HAAGNY. FrHHow VE wde A4
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71 319 A3} (Habibi et al., 2007)Z ZFal2 G power 3.1 program

(Heinrich heine university, Dusseldorf, Germany) o & AAFslo] E ¢ Lo

ruE

:_]_—A

mlu

TE A=A (effect size 0.5, a error probability 0.05,

power 0.8). AAF Ay 27719 MEo] Q3 Fo=2 AEFHoH, B A

N 2479 AR B 307 AF(RD S oz AFS APt
2. AE £H R A7

w184 o) AABANN WAAR BHOR WAG F 32 2T
A F ABAR, FRARE W Ho| AAY, $4 F& wde] U 49,

(IRB) ZH-E] <18 wra 283 th(IRB 2-2018-0043). LA E 317] A RE

AT bl HE F BN wgen, WA F ZA A7 e N9
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Fig 1. Specimen preparation for experiment
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ZF 1270 7 Ao Wil 74 Mgy aE, WY 25o® WHsit.
Agty 188 perfect clear TII™ (Hubit, Seoul, Korea), W¥g IF<
master series ™ (American Orthodontics, Washington, D.C, USA)S AF F-2
Al, Zeeld, # HHAE AREste] A XA FARA AR itk

A QA AAFHE fato] Ao A F T 1 BT AR A

2000 rpm A% WEIA-GaE WE o] §ate] AANAT. ooA ABe

tol Mgd F9 A%sh 4RO, 944,

ol

HWES QLF technologyE ©]-&

4

I
oft

, Ao, zleo])s AHF A (Fig 2).

Teeth selection
(n=24)

Initial examination with QLF-D

and crack evaluation
(number, length, depth, visibility, location, direction)

Ceramic group (n=12) Metal group (n=12)
Bracket bonding Bracket bonding

Debonding Debonding

Cleaning up resin remnant,
final examination with QLF-D

and crack evaluation
(number, length, depth, visibility, location, direction)

Fig 2. Flow chart of study procedure
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QLF  technology &l & & dAFolA= 249 AAH| QLF-D
(Quantitative Light induced Fluorescence-Digital, QLF-D bilumination,
Inspektor Research systems BV, Amsterdam, the Netherlands)Z ©]-&3}3itTt.
QLF-D+= 60 mm macro lens”’} A E o] J+= single lens reflex (SLR) Z}w 2}

o Biluminator™7} ¥zt¥lo] 9= FEjo|t}. Biluminator ™= @Al o]n] %



. #g9 7HAA
79SS weak(AU] FY FlollA Seto g Holx| FAWE QLF-D F¥H 3}
oA Kol #<¥)9 pronounce(Ad] FH 2 QLF-D F slollA BF Hole

T+9)E EF3t9tt(Bishara et al., 2008; Zachrisson et al., 1980)(Fig 3).

Fig 3. Images obtained under different lights of QLF-D (A, fluorescence

image; B, white light image; red arrow, pronounce crack; blue

arrow, weak crack)

. 249 9%



A TF(Bishara et al., 2008; Shahabi et al., 2010; Zachrisson et al.,

1980) (Fig 4).

Occlusal-middle

Middle-cervical

Fig 4. Evaluation of crack location

The crack location was classified with 5 locations based on three-
equal division of buccal surface: occlusal, occlusal-middle,

middle, middle-cervical and cervical.

. 7@ W

=|o} A=

fljo

7o 2 F2A(0-30" ), AMA(31-45" ), FH(46-90° )&

J
N

2 253} (Zachrisson et al., 1980).
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ol #del 2ol

Image J (National Institutes of Mental Health, Maryland, USA)E ©]

B3] AZAAT BE R 27 VAR F W SHY F JIUL )83

v, FEe] ol

QA2 22 13 (version 1.25, Inspektor Research systems BV, Amsterdam,
the Netherlands)S ©]-83led T Eo] e F209 Hol FFaAZFMaximum
fluorescence loss; AF)at= AR H(Fig 5). AR, HEE 57749
1/2 olgolvt Zol-BAAMA ARk gl zlo]7t zlojHe] wet o
2 TS ey AFRL#Y 9AE 5% 2 wHEE FA 1/2 vvke] ddd s

AFm@kel “0(%)” o2 2EHe2 A=A FH717F ofd i (Jun et al., 2016).
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Fig 5. QLF images (A, white light image; B, fluorescence image; C, QA2
1.25 soft program analysis i1image; AF,., Maximum fluorescence

loss)
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AZA7F 10% o] 90% W Hkel A$-, 2: WHWEEo] o] H2HA|7F 90% o] A+l

o
o

, 10 A o] HAAZE 100% 2= A2 H7Fslg o (Bishara

and Trulove, 1990a; O'Brien et al., 1988).

5. B4 A¥

=Y
g
o
fot
ro
HE
=)
Iy
rlo
offt
e
o
BN

A ola) o) ol B o A )

°A4E Ge] 98] 25 (Ao wE WEL 28 whEale] AZasr),

ol 0.0590 4 PASW Statistics 18 E7 #§7]#] ZZ 1= (SPSS Inc,

Chicago, U.S.A)S o] &35l taS 43513,

7} o dole] Al % Intraclass correlation coefficient (ICC)

J.m@a A7 F @9 do] Wk g B4
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() gl 7, Bl 45, Bl 9 o

%

. Mann-Whitney test

(2)3]9 4 : logistic regression analysis
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m. 9+ 234

1. B3 73 A5 99 AR 2 ZA43H B}

Bl A F Y dE2 stk (Table 1).

2478 Aok7b 7HA= F 3078 T Aol ®3} HIF Al o 0.14 +

"

0.39 mmZ 2= SAATH(p>0.05). 307 #<¥€ & 37/ dEolA B

A

2

A% o7k Wt 1.23 + 1.26 mE7etAch. #d Holrt Frhe A% =

[} pul

—n

pronounced}™ =% o ¢ %3} tH(Table 1).
7+ dolo] AFE HA} Ay B R o4, T FUAEASe

(ICOH7F Z+7F 0.996, 0.997°0.2 =2 A#AAE BT},
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Table 1. Characteristics of cracks which showed changes after debonding

Length (mm)

Crack Depth Visibilit Locati Bracket
racks* isibili ocation

Before  After (AF 4 material

bonding debonding

Middle- .

Cc1 373 457 0% Pronounce ) Ceramic
cervical
Middle-

C2 278 422 0% Pronounce ) Metal
cervical
Middle-

C3 1.73 3.19 0% Pronounce ] Metal
cervical

Cnew NA 1.04 0% Weak Cervical Metal

NA, not available
* The C1, C2, and C3 indicate the cracks which showed an increase of length after

debonding; and the Cnew indicates the crack which was newly developed.

17
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0.021). I <o 29l

v H o (p

S v XA &AH(Table 2).

914,
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TH(Table 2).
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7 ol ] Bzl 2 A

==
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%

9k okth(Table 3).
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Table 2. Descriptive statistics of cracks, bracket material, bracket
fracture and adhesive remnant index (ARI)

Number of cracks*

Before bonding After debonding P value’
(n=30) (n=31)
Crack length?(mm) 243 + 098 256 + 1.07 0.062
Visibility® 0.006
pronounce gcLC2e3 9
Weak 21 22Cnew
Location® 0.351
Occlusal-middle 3
Middle 6 6
Middle-cervical 15 ¢Le2es 15
Cervical 6 7 Crew
Bracket materiald 0.222
Ceramic 174 17
Metal 13C263 14 Cnew
Bracket fracture® 3¢t 0.144
ARIf 0.335
1 71
2 2
3 13
4 7Cnew
5 7C2,C3

#: The C1, C2, and C3 indicate the cracks which showed an increase of length after debonding;
and the Cnew indicates the crack which was newly developed.

*. P values were calculated by excluding the Cnew.

a: Paired t test was performed and data were presented as mean + standard deviation.

b, d, e: Mann-Whitney test was performed.

¢ Kruskal-Wallis test was performed.

f: Kruskal-Wallis test was performed and data were recorded with including the Cnew (n=31).

19



Table 3. Logistic regression analysis of cracks, bracket material,

bracket fracture and adhesive remnant index (ARI)

Odd ratio P value®
Crack length 0.052 0.552
Visibility
Pronounce 2.899 0.999
Weak
Location
Occlusal-middle 1.087 1.000
Middle 0.000 1.000
Middle-cervical 0.000 1.000
Cervical 0.000 1.000
Crack length 0.052 0.552
Bracket material 16455.775 1.000
Bracket fracture 7.441 1.000
ARI
1 2565.895 1.000
2 0.000 0.999
3 0.000 1.000
4 0.000 1.000
5 0.000 1.000

* P values were calculated by excluding the crack newly developed.

20



M Fhe v Heln wAE
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gt oS E7FSE Az o]
2 4 7] Wil (Clark et al., 2003; Lubisich et al., 2010) B.2}# A A

A WEA g A oie] #E Be A7) k. #de] 998 mye

rO

of o]a] WA 3} (Lubisich et al., 2010),
71E ATl ot WA AmE WA e $hAe A X|o} MR 33.6 - 91.9%
off 4 o] WAEATH(Zachrisson et al., 1980). wehr] AA7lE WA A
g8 A% #d G AFE gof 7] 98 Am A5 dds ARHoR
7I5e Z87F vk QLF technology= 7ol mlus E4A A& &9
stal A% & ¢ o WERIROR HJAXS BAS HEd d ZHol
5 SAY 7 A7) "ol e AnAR TIFd w83 FA ol

do] AAH L A=A Hr7F 7Fsett(Jun et al., 2016). ¥ Aol A

2l #Ae F7hE AT & 079 AL Eon ATaA.

Rzl 2 A wdol pronounced -9 BEHl AA Fol DA olvt
FelustA Srkeklth. o= 7€ A2 et dA AT (Dumbryte et al.

2016). webd g Az el ool wdo] Setew B A9 B F

21



o

boh, ohuE B Qe 2A

ksl
T

o & o}

o
T

AA Al

=1]
=

2}

)\a]

[
Ris

17-9]

o 5]

5

el

)

1

Bl

ol Al

=3
T

uff -]

ok

of
el

307 HE9 AFu. a2

17F 2 A 17289 WellA = A

0
N

2agow gde| o

v

Lo 7k ol QA

7]
21

Toll o]&E Aote] VE L9

|

6T

AZF Ak, wepA S

hahd o

3

A2

xow

g

=
= %

Fd dde] m|

=3
H

A A 7Y

4 1/2 ¥

B

et

RARSEIg S

o8

Aete] 2F 8 Weg 1Fo) A

o7& 71E] Alety

D INF7F SR EH(P>0.05).

°|

§ meE A A

3

R

e

wolA o dol7t 5

AT HE 1

2

(Kitahara—Ceia et al., 2008).

22



A7) wiEel A elA Al ew == A oHE Bl o]t Ao

Akl 2F 2] Aokl Hep o] dojwtn 1 F @ 7| #ael

Aol7k Z7kekgith, Hebsle] shaE A9 BF gl ko] FHAI} wolal

8l AAEA kL A5 L FHel Sl AU A Bepilo] vdd

O]

T Qo HEFA &=afo] @S 4= Qlt}(Bishara et al., 2008; Kitahara—Ceia
et al., 2008; Redd and Shivapuja, 1991). w&lr AAel A Bzl =k 3

g Foll Bl el o AE &8 AAstE AL FHEH.

(Oilo et al., 1993). AA 7oA Xlo}ol] 7}aiz €]

-z
ol
rlo
N
[-‘O
=
=
o

3 ¢hstulo] Axzel AEdET. AT B A= dd HA

Lo
B
rﬂt
ox
filo

Al AotE ot Hxeor uAsGY] dio] dE4dEdERY ¥ 2 Bel

23



and van Waes, 2003). o]&]3t

HHA AAAN AR

-

Olszowska et al., 2014).

~
i
2
Y
2
k)
I
e}
[\
(e}
(e}
(e}

G sl = WE o] g3}

2 4 A g (Rouleau et al., 1982; Schuler and van Waes,

TollA = BEbl AlA A

&7t orEo] o @

2 F5 ArellA zhol HAA AA el 2Pl

Wy o5 Wr} @ Bast Yok

24

rpm A& A=I] A-w A

Aol

‘gold standard’

2003). & <
& 5ol Ak o
w3 g AA Bl o



il
—_

No

0
A

SR L s -l

]

Nl

A w4 dolE SV

W

25



uz]_l‘
kKl
e
rl

Bishara SE, Fehr DE, Jakobsen JR (1993). A comparative study of the debonding
strengths of different ceramic brackets, enamel conditioners, and adhesives.
Am J Orthod Dentofacial Orthop 104(2): 170-179.
Bishara SE, Forrseca JM, Fehr DE, Boyer DB (1994). Debonding forces applied to
ceramic brackets simulating clinical conditions. Angle Orthod 64(4): 277-282.
Bishara SE, Ostby AW, Laffoon J, Warren JJ (2008). Enamel cracks and ceramic b
racket failure during debonding in vitro. Angle Orthod 78(6): 1078-1083.
Bishara SE, Trulove TS (1990a). Comparisons of different debonding techniques for
ceramic brackets: an in vitro study. Part I. Background and methods. Am J
Orthod Dentofacial Orthop 98(2): 145-153.

Bishara SE, Trulove TS (1990b). Comparisons of different debonding techniques for
ceramic brackets: an in vitro study. Part Il. Findings and clinical implication
s. Am J Orthod Dentofacial Orthop 98(3): 263-273.

Bryant S, Retief DH, Russell CM, Denys FR (1987). Tensile bond strengths of orth
odontic bonding resins and attachments to etched enamel. Am J Orthod De
ntofacial Orthop 92(3): 225-231.

Buonocore MG, Matsui A, Gwinnett AJ (1968). Penetration of resin dental materials
into enamel surfaces with reference to bonding. Arch Oral Biol 13(1): 61-70.

Buzzitta VA, Hallgren SE, Powers JM (1982). Bond strength of orthodontic direct-bo

nding cement-bracket systems as studied in vitro. Am J Orthod 81(2): 87-92.

26



Clark DJ, Sheets CG, Paquette JM (2003). Definitive diagnosis of early enamel and
dentin cracks based on microscopic evaluation. J Esthet Restor Dent 15(7):
391-401; discussion 401.

Dumbryte |, Jonavicius T, Linkeviciene L, Linkevicius T, Peciuliene V, Malinauskas
M (2016). The prognostic value of visually assessing enamel microcracks: D

0 debonding and adhesive removal contribute to their increase? Angle Ortho
d 86(3): 437-447.

Dumbryte |, Linkeviciene L, Linkevicius T, Malinauskas M (2017). Enamel microcrac
ks in terms of orthodontic treatment: A novel method for their detection and
evaluation. Dent Mater J 36(4): 438-446.

Dumbryte 1, Linkeviciene L, Malinauskas M, Linkevicius T, Peciuliene V, Tikuisis K
(2013). Evaluation of enamel micro-cracks characteristics after removal of m
etal brackets in adult patients. Eur J Orthod 35(3): 317-322.

Faust JB, Grego GN, Fan PL, Powers JM (1978). Penetration coefficient, tensile str
ength, and bond strength of thirteen direct bonding orthodontic cements. Am
J Orthod 73(5): 512-525.

Habibi M, Nik TH, Hooshmand T (2007). Comparison of debonding characteristics o
f metal and ceramic orthodontic brackets to enamel: an in-vitro study. Am J
Orthod Dentofacial Orthop 132(5): 675-679.

Imai K, Shimada Y, Sadr A, Sumi Y, Tagami J (2012). Noninvasive cross-sectional
visualization of enamel cracks by optical coherence tomography in vitro. J E
ndod 38(9): 1269-1274.

Janiszewska-Olszowska J, Szatkiewicz T, Tomkowski R, Tandecka K, Grocholewicz

K (2014). Effect of orthodontic debonding and adhesive removal on the ena

27



mel - current knowledge and future perspectives - a systematic review. Med
Sci Monit 20: 1991-2001.

Jun MK, Ku HM, Kim E, Kim HE, Kwon HK, Kim Bl (2016). Detection and Analysis

of Enamel Cracks by Quantitative Light-induced Fluorescence Technology. J
Endod 42(3): 500-504.

Kitahara-Ceia FM, Mucha JN, Marques dos Santos PA (2008). Assessment of enam
el damage after removal of ceramic brackets. Am J Orthod Dentofacial Orth
op 134(4): 548-555.

Landrigan MD, Flatley JC, Turnbull TL, Kruzic JJ, Ferracane JL, Hilton TJ, et al. (2
010). Detection of dentinal cracks using contrast-enhanced micro-computed t
omography. J Mech Behav Biomed Mater 3(2): 223-227.

Leao Filho JC, Braz AK, de Araujo RE, Tanaka OM, Pithon MM (2015). Enamel Q
uality after Debonding: Evaluation by Optical Coherence Tomography. Braz
Dent J 26(4): 384-389.

Lee SH, Lee JJ, Chung HJ, Park JT, Kim HJ (2016). Dental optical coherence tom
ography: new potential diagnostic system for cracked-tooth syndrome. Surg
Radiol Anat 38(1): 49-54.

Lin CL, Huang SF, Tsai HC, Chang WJ (2011). Finite element sub-modeling analys
es of damage to enamel at the incisor enamel/adhesive interface upon de-b
onding for different orthodontic bracket bases. J Biomech 44(1): 134-142.

Lubisich EB, Hilton TJ, Ferracane J (2010). Cracked teeth: a review of the literatur
e. J Esthet Restor Dent 22(3): 158-167.

O'Brien KD, Watts DC, Read MJ (1988). Residual debris and bond strength--is ther

e a relationship? Am J Orthod Dentofacial Orthop 94(3): 222-230.

28



Oilo GJIdj (1993). Bond strength testing--what does it mean? 43(5): 492-498.

Redd TB, Shivapuja PK (1991). Debonding ceramic brackets: effects on enamel. J
Clin Orthod 25(8): 475-481.

Rouleau BD, Jr., Marshall GW, Jr., Cooley RO (1982). Enamel surface evaluations
after clinical treatment and removal of orthodontic brackets. Am J Orthod 81
(5): 423-426.

Schuler FS, van Waes H (2003). SEM-evaluation of enamel surfaces after removal
of fixed orthodontic appliances. Am J Dent 16(6): 390-394.

Scott GE, Jr. (1988). Fracture toughness and surface cracks--the key to understandi
ng ceramic brackets. Angle Orthod 58(1): 5-8.

Shahabi M, Heravi F, Mokhber N, Karamad R, Bishara SE (2010). Effects on shear
bond strength and the enamel surface with an enamel bonding agent. Am
J Orthod Dentofacial Orthop 137(3): 375-378.

Zachrisson BU, Skogan O, Hoymyhr S (1980). Enamel cracks in debonded, deband

ed, and orthodontically untreated teeth. Am J Orthod 77(3): 307-319.

29



Abstract

Evaluation of enamel cracks before and after bracket bonding

by quantitative light—induced fluorescence technology

Soomin Kim
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The causes of tooth cracks vary. There is a controversy
over the occurrence of enamel cracks caused by trauma during
debonding brackets for orthodontic treatment. In the previous
study, which assessed the occurrence of cracks after debonding
brackets there was no quantitative evaluation of depth and length
with clinically available equipment. Therefore, this study was to
evaluate the changes of enamel cracks quantitatively and

qualitatively after debonding brackets by nondestructive
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quantitative light-induced fluorescence technology. In addition,

the effects of characteristics of existing cracks (visibility,

location, direction, length and depth), bracket material, bracket

fracture,

and adhesive remnant index (ARI) were evaluated to

obtain the following results.

1.

After debonding brackets, the number, length and depth

of enamel cracks did not increase significantly.

Cracks visible to the naked eye under indoor light
sources significantly increased after debonding bracket

(p<0.05).

Location, direction, length and depth of existing crack,
bracket material, bracket fracture, ARI did not
significantly affect the length of the crack after

debonding brackets
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This study showed the bonding and debonding process of the
bracket does not proceed with enamel crack. However, if there are
visible cracks before bonding brackets, it should be noted that
the length of the cracks can be increased during the bonding and

debonding process.

Key words: enamel crack, crack length, crack depth, quantitative

light-induced fluorescence technology
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