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Table 1. Tested Materials

1. 947 M2 2wy

40709 $2l0] Qe AT E FHsl] EH AzF o}
2L, o] BA S FHloR A AsI AFR otz AT A
o} ol 14 A4 No. 330 carbide burg o83t V&
958 FAslE A& HARE AJoldF Wkl a8ln
g HdE e g3 IR E sttt 95 2l ud-
2] Zo| 3mm, ZYAYH7F 4mm, 281 FHole 2mm=E
st

FEIAE vlR F e 37% UAto 2 153 AR £
15%2] $A4& & 227 7A=Z3 . Scotchbond multi-
purpose primer(3M ESPE, U.S.A)E 9% o =x3l1 5
%2+ AZAZAT}. Scotchbond multi-purpose adhesive(3M
ESPE)E =¥3l1 400mW/are] F3=E &3 352
A71(XL 3000, 3M ESPE)& 107t 3333ttt

=39 B3E A (Filtek Z250, 3M ESPE)E 1mm¥ £
245 2024 3533891, Sof-Lex abrasive disks(3M
ESPE)Z drlsiitt, AlAES T2 2074 2749 &2
2 o] 3 F& ARIAE =¥ gu(d) v ¢
& ggel 44 gt AASAGID): £28 19 g
HAE, XA (R o} $EES] AAE AW 2mm7HA)
o 1527t 37%9] Qatez AHRA ) 1527t ¢4 § gt
S air2 Bojuidith. 2HAE A Y2 surface-penetrat-
ing sealant(Fortify, Bisco inc., U.S.A)E &A&43 ¥ 20%%
oF FE3sldch ALER ABE Table 19 A

I3 [[79] A8 37CY FRTAA 747 2ad § 1
£(55T)F A(50)Y FRAAA Azl 3024 F500% 9]

Product Composition Manufacturer
Scotchbond Multi- HEMA, polyalkenoic
Adhesi ¢ Purpose Primer copolymer, water
esive system Scotchbond Multi- Methacrylic ester, acetone, 3M ESPE
Purpose Adhesive butylated hydroxy toluene U.S.A
Resin composite Filtek Z2§0 BIS—.GMA: UDI.\/IA,- Bls—EMA
Restorative resins, zirconia/silica filler
Rebonding agent Fortify (low viS(.:osity, UDMA, Et.hoxylated Bisphenol BISCO Inc.
unfilled resin) A dimethacrylate U.S.A

Table 2. Conditions of Testing

Group Experimental condition
IA No load cycling
B resin restoration Load cycling
{total 100,000 cycles with 4-100N load at a rate of 1 Hz)
1A resin restoration No load cy(.:hng
1IB +rebonding agent Load cycling

(total 100,000 cycles with 4-100N load at a rate of 1 Hz)
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8 Algsia 3= AT} 570l 2/304E Bole 4§
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e R etk AT =No load cycling®, B2 Load Mann-Whitney U test& A3t 7} 9] A& A3t
cycling=(Table 2). ek,
F3l-#-2 Mini Bionix II Test System(MTS systems
corporation, U.S.A)9lX A7 3mme| 7272 AHY ¥ I AT NN
e A& Tt o] AL FFHFF7 B 2] ¢hllA 1
Hzo] &x2 $3o] 494 100N7HA], £3t 248345 ARES A g2 79 FENAY v FEL Faed
(lateral excursion)g] AHL FAHTE 71208 207 B BAtH g fo3 zto]E EolA] WITH(IA-IB
0 4mmE FEIFEE KTt ZF AR 100,0003]9) ek ) (p0.05). AFEE & T2 AFAAAM & Fategio] 1|
-5 APttt AFZol Fog S FX FUTHIA-TIBT) (p)0.05). 1
EEAHES A2 F 595 HY ImmE A9E A 29 U AHZE 3 7o A& e faled & FATH
o nail varnish& 23] ©¥39t}. 2% methylene blue G4 02 Fo3HA mlAlFTEo| S8 THIIA-TIBE) (p<0.05).
Solo] 24X 7HEQ Haal, BEE B GAL0S A H Y AFAA = AP AT FASA g Zolrt AT
o JANge s d%e %‘—"J—% A4 diamond saw® AEg (A-TIAF, IB-IBT). X|2HAe vjAF+Zo] taf FwEy
%, 9N 8d9 HEEE AAFTH (Olympus SZ-PT, Haled s A &2 v A AR ES & (AT o] AH
Olympus Co, Japan) oz #&stsict w3bAds} x|edd 2HS 317 e (AT vl8) o] A& nAT+E23E BY
°ﬂ"1 HEg S0 thed 2e 7oz HEoh tH(p<0.05). 23 F-3kedhs A3 79 A 5olle A-E
= 2o ARTL AY fl= BF < 3 FIBH T AFAL 84 & (B /471 §
1‘ MEART} Sedole] 1/3% 9A G A5 o] B3k mA| &2 AHE EHH(p)0.05)(Table 3, 4).
2= ALARI} S5 Zlol9] 1/3004] 2/3 0l & Holx 749
Table 3. Frequency of Microleakage Scores
‘ Gotps Cycling N(?. of Mi@rcleakage Score
specimens 0 1 2 3
Occlusal margins
1A Not-rebonded No load cycling 10 3 6 1 0
1B Load cycling 10 2 5 3 0
ITIA lo i 4 0 0
1B Rebonded Nﬁoagi;gliﬁgg 18 g 5 0 0
Cervical margins
1A No load cyclin 10 1 3 3 3
1B Not-rebonded Load cyé}?ngg 10 1 4 2 3
ITA Rebonded No load cycling 10 4 5 1 0
1IB Load cycling 10 1 2 0 7

*0= absence of dye penetration: 1= dye penetration up to one-third of the extension of the walls; 2= dye penetration from
one-third to two-thirds of the extension of the wall. 3= dye penetration to more than two-thirds of the extension of the walls.

Table 4. Comparison between groups

Group IA-IB IIA-TIB IA-TIA o IB1IB
Occlusal margins
Cervical margins * *

* indicate significant difference between groups based on Mann-Whitney U Test(p{0.05).

529



J Korean Acad Pediatr Dent 31(3) 2004

A& dodle F8
FEE Eol7 fstd FFAVIY TR
ASA IO ALY, B3R A8A £
529 B4, gl BYAAE Hal
A= G g g = Bt
2 #AlEo] BHAE 34T
. olE 7 A E s AslaAt THT AR Alolo] njAAER
sfo] BAAELE o] 88 2nEA 3=
A Zlo] viZ ARAAZ EHsA |/ Aol
A4 A7 o3k AP AsA S o nAFEY 7
T gr}Ees@  wEl Dickinson® Leinfelder”
3t} fofdhA vtEs Ea A4 (marginal
T Uik st
tAFES Zole B2Aog ALde AFAAE 2 7
g Zt3ojol 3} AURYE EHH o2 BAs] Y
Ae gtE o s FEARS wES doTIR Yook dta A
A 9%, FEAT7T visslol 8 ofF FL nA A
2 AA3 s & UEE FEF 3EHS 72 3l
of 3t} 53] 2FAclgn & § de 4R A Eo=
AAs] AFsle TEHLEA, ole A5 HE(viscosity) %
AEAE Aoz AMA HA= A (wetability)o] 253
v & 4 QAP Torstenson 52 Tjan¥ Tan'Vol
o3hd AHAA 7L 10~16mB = v EAle] 2 53t
of gtz 3t} ol#d 42AE AW 7|&9 bonding
agent“} sealant’} obd 583] A|2tE A& A|2"lo] npgh
sttt AT A old AMFLE Y=
Fortify (Bisco inc., U.S.A), Protect-It(Jeneric-Pentron
inc., U.S.A), Optiguard(Kerr corp., U.S.A), Permaseal
(Ultradent, U.S.A) 5°] it}

Bertrand $*9] w2%¥ Fortifyx=, SEM #24] B
o] EHAEe YFe 9EE 3y 8o E #FA ALH
A 22 w23 25S Boka stk AR, Ade]
o2 Heetn FUsHA =¥3he AL 42 o F9d
wpetr] PAs) Bt e FHel H1 1 FAVF 0~70m (B
20~30um) 2.2 ThFE $215 BYoia kgt E3F o] A
< @ A3l B3R ZRATTL SR E %l
o NG 3 ol FFY 3 = BRI ArET
© 23 AR FA ] RRA RO TS Rt
st

ol AN AA FAREE 2P
Fakedh Bgo] o] &t HadtoliA AME-S
512C Atol9] &5 TN AP
el BFete Aoln, Fatedt A oA AE-3H 100N<]
< F8% 2%F9 FF(cuspal flexure) < 4
HaE Aotk 100,000M9 Halg

2
1
=)
>
tlo
EO
®

p=Sge]
7)-12‘1:‘

of 3]
=

530

Aoz 2d9Ed HFUGT B, ol cycling® AAN
Ue oldl d7dse A9RS 289 Aue Aedds v
Argol Bajagd oo o8 9P we Aoz g

= WA FEEA]Y] MACEM, g
FE3) AT F 95 wF AGL B4t Ao
F&% HolA gob?. webA AR FE 317 gk o
FE nAFEAFE S 7T A Bt o A3
A %& 27 AlAF 2 Atelel] frol e wHt
kl2aks Act. ol A7Azs} 2 A
Hoz Qg HEdgHe 243tz A
oldel By It ol @ Aoje

=%
2

7ersd
9 RRAEe AT ARIAZ 283 o
of S|ZETk A7 AR 94 RFAAIA
2A7} 94 gt
gigda fzdoz AeAddAE Hekdol} ol
471 Alole B aA, AAAAY FeAA P2sh 1 2
o Aol Qo WAL BPAN $502 A% F
2478 4 4 o2 A MATES Fola e A
whz AR A BAoV|E sk, o) APl = 23t
&8 AASA e ZANE ARRY vARE BoEI
Gege 2y, Reese e 2l AR oF
o} BAgle] Bl FE A7) v &e debget,

Hae) PRy G $E57) G AR

w3k

ox i

o

[o]

a1 o] F9jol FEo] o] R HH FHE
AEA T FEo| wiHdn 22 AR
dojuA Hohw sttt olefdt 33-& A oo}
M A&Hoz Zg3le HAlFE 71
o} ety F3ked2 AVE o
JEFE 7|2 A e Jang T2
e AVE FEEY nAFEE FTHE
Mandras 5°-& a3 A
Z71gdn Btk

wehr ol el A XA
AZA 7} ALl ATES Fole IR UR o
A Aol ugH et 23 cuspal flexureZ 7]
gS FEI|d e A Foithe e BoFa o
FollA] Faledho 2 A3t Fake] A RS g [l
g Il A AR AL 3] &8 [EET
Bt} Munro 594 w23 A
! A8 oAl A8 S o A eHAR
ebdo] ulA| s "olHUriEA Aobd o] =E2ET
o} olEA AHAE AP uf RS vA] T A
o2 ldle] Raledtd o] AAsHA nlAlFZo| S}
AZtET, AT, FEET QAo e Hd
JASHL resin®] HAHE A= A2AL] AAH R

—?‘L:{or&“:
10
ok
23
Q-
o

i)

N

o

(<] _IZJ_‘,
o

i

sl ¥R %

].

Mg A oo ki do o 4 R

w32
e L
K

>



Aol & Fasigd. a8ln, AREIL 43R
AME Fatede] 248 gelstd o Be 342 cycling
O o7l E 9] F949E 2S5 lvka AzEd

ARFA ] o) el E De Wetd Ferreira™s 1/29]
A 19 Axekn 3192 Dickinson® Leinfelder?d] wzw
AHAAE 1ol 29 F=H A 2 fatefol 1 ddEII}
AL $18 F U& Aolgta A} oA Fr|H oz A g
do] ol AfoA] HolF mgg o 93 AALAM (mar-
ginal integrity)¢] A4& BAE 4 e & 71x) wWhdo] =
Aolt}.

52

<1

% =l

ol AT NHe $EL sn AYHLE AL I3
& 2% ¥AE Aol 48U o|FoiRT. ARAT
rle SUs 4BEAL 2hake Aol oFn, WATE

o e A2 Welo} HAT & QU] B A7k B &
A "N {2 APA A 01—7-@%7} 2 14Ee 9

E7A Ao}, ST, AEag s Jgug T gLeA 1
ST steets, <A We] Aolgls HololA o] Foiz)
Holsh S8BTk AL BHelA Re HEo| 7 A5z
Zde] F02 Qdte] APAA ] HARY WFI) Jg
e £E o doze &9 ohﬂwu H) %2317
A= A2 9% AR = % 24 &
& F7HAQ1 Q77 o] %

rlr

of
=
B

e

ol
H:l
o
ol
Qo

iz
of

~N
=

go
do ok ol 2 2 wjo

b e

N Rl
2 o
[s3

rCoo

S
o &
T &
=

LN
:N:_IE rlo
> %ﬁ (£ ok
e
2 9

e Fied sl AVE FEE nHA R
IS golry] S5k 40709 AVE
FAAZ o] ZRANE %) & |

EHE 42 3 AH AR [[Tez Agsdn) 448

ol 10708 9] a9 F (AT =No load cycling®, B¥

=Load cycling®) 2.2 Y+70] o|5 Bite] A|Hd| Raleshs

7FetAt}. methylene blue &40l 3 fA1AH W] oA -2

T %7kt o 2 s A

L w3 ddAa e Adas 2asA 5@ atolrt
(IA-TIA, IB-IIBT) (p)0.05).

2. AL ASE e oA gL o] AL Az
g 3 T{AW) Ol AHES a1 & FIAD) H&) o
A& WA TEZ S 9% (p0.05)

3. A&HANA Halrede AP ELJ Beole ARRE

(B A S 344 &2 Z(IBHH 4271 9L

H| =3 vl A& 292 29TH(p)0.05).

At

3}
5l
L
—

531

10.

11.

12.

13.

Cigt2otR| a3l x| 31(3) 2004

i)

g

fp2s

. Kidd EA : Microleakage: A review. J Dent, 4:199-

206, 1976.

. Hakimeh S, Vaidyanathan J, Houpt ML, et al. :

Microleakage of compomer Class V restorations:
Effect of load cycling, thermal cycling, and cavity
shape differences. J Prosthet Dent, 83:194-203, 2000.

. Quist V, Qvist J, Mjor IA : Placement and longevity

of tooth-colored restorations in Denmark. Acta
Odontol Scand, 48:305-311, 1990.

Davidson CL, de Gee AJ, Feilzer A : The competi-
tion between the composite-dentin bond strength
and the polymerization contraction stress. J Dent
Res, 63:1396-1399, 1984.

. Gordon M, Plasschaert AJ, Stark MM

Microleakage of several tooth-colored restorative ma-
terials in cervical cavities. A comparative study in
vitro. Dent Mater, 2:228-231, 1986.

Mincer HH, Harris EF,
Microleakage of composite resin and glass ionomer

Kaplan I, et al.
cement restorations in retentive and non-retentive

cervical cavity preparations. J Prosthet Dent,
68:616-623, 1992.

. Davidson CL, de Gee AJ : Relaxation of polymeriza-

tion contraction stresses by flow in dental compos-
ites. J Dent Res, 63:146-148, 1984.

. Judes H, Eli I, Lieberman R, Serebro L, et al. :

Rebonding as a method of controlling marginal mi-

croleakage in composite resin restorations. N Y J
Dent, 52:137-143, 1982.

. Garcia-Godoy F, Malone WFP : Microleakage of

posterior composite restorations after rebonding.
Compendium, 8:606-609, 1987.

Reid JS, Saunders WP, Chen YY : The effect of
bonding agent and fissure sealant on microleakage of
composite resins restorations. Quintessence Int,
22:295-298, 1991.

Tjan AHL, Tan DE @ Microleakage at gingival mar-
gins of Class V composite resin restorations rebond-
ed with various low-viscosity resin systems.
Quintessence Int, 22:565-573, 1991,

Dickinson GL, Leinfelder KF : Assessing the long-
term effect of a surface penetrating sealant. J Am
Dent Assoc, 124:68-72, 1993.

Munro GA, Hilton TJ, Hermesch CB :
croleakage of etched and rebonded class V composite

In vitro mi-



J Korean Acad Pediatr Dent 31(3) 2004

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

resin restorations. Oper Dent, 21:203-208, 1996.
May KN Jr, Swift EJ Jr, Wilder AD Jr, et al. :
Effect of a surface sealant on microleakage of Class
V restorations. Am J Dent, 9:133-136, 1996.

Ramos RP, Chinelatti MA, Chimello DT, et al. :
Assessing microleakage in resin composite restora-
tions rebonded with a surface sealant and three low-
viscosity resin systems. Quintessence Int, 33:450-
456, 2002.

Erhardt MC, Magalhaes CS, Serra MC : The effect
of rebonding on microleakage of class V aesthetic
restorations. Oper Dent, 27:396-402, 2002.

de Wet FA, Ferreira MR @ The durability of dental
glazes. J Prosthet Dent, 44:300-306, 1980.
Dickinson GL, Leinfelder KF, Russel CM :
Evaluation of wear by application of a surface
sealant(Abstract No.1999). J Dent Res, 67:362, 1988.
Dickinson GL, Leinfelder KF, Mazer RB, et al. :
Effect of a surface penetrating sealant on wear rate
of posterior composite resins. J Am Dent Assoc,
121:251-255, 1990.

Kawai K, Leinfelder KF : Effect of surface penetrat-
ing sealants on the wear rate of composite resins(ab-
stract 957]). J Dent Res, 71:635, 1992.

Shinkai K, Suzuki S, Leinfelder KF, et al. : Effect of
surface-penetrating sealant on wear resistance of
luting agents. Quintessence Int, 25:767-771, 1994.
Jorgensen KD, Matono R, Shimokobe H
Deformation of cavities and resin fillings in loaded
teeth. Scand J Dent Res, 84:46-50, 1976.

Braem M, Lambrechts P, Vanherle G : Stress in-
duced cervical lesions. J Prosthet Dent, 67:718-722,
1992.

Kuroe T, Ttoh H, Caputo AC, et al. : Biomechanics
of cervical tooth structure lesions and their restora-
tion. Quintessence Int, 31:267-274, 2000.

Qvist V © The effect of mastication on marginal
adaptation of composite restorations in vivo. J Dent
Res, 62:904-906, 1983.

Fruits TJ, Van Brunt CL, Khajotia SS, et al. :
Effect of cyclical lateral forces on microleakage in
cervical resin composite restorations. Quintesseence
Int, 33:205-212, 2002.

Jang KT, Chung DH, Shin D, et al. : Effect of ec-
centric load cycling on microleakage of Class V flow-
able and packable composite resin restorations. Oper
Dent, 26:603-608, 2001.

532

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

4]1.

Cruz EV, Shigetani Y, Ishikawa K, et al. : A labora-
tory study of coronal microleakage using four tempo-
rary restorative materials. Int Endod J, 35:315-320,
2002.

DeLong R, Douglas WH: An artificial oral environ-
ment for testing dental materials. IEEE Trans
Biomed Eng, 38:339-345, 1991.

Mandras RS, Retief DH, Russell CM : The effects of
thermal and occlusal stresses on the microleakage of
the Scotchbond 2 dentinal bonding system. Dent
Mater, 7:63-67, 1991.

Unterbrink GL, Muesner R : Influence of light in-
tensity on two restorative systems. J Dent, 23:183-
189, 1995.

Tortenson BC, Oden A : Effects of bonding agent
types and incremental techniques on minimizing
contraction gaps around resin composites. Dent
Mater, 5:218-223, 1989.

Feilzer JA, de Gee AJ, Davidson CL : Quantitative
determination of stress reduction by flow in compos-
ite restorations. Dent Mater, 6:167-171, 1990.
Ramos RP, Chimello DT, Chinelatti MA, et al. :
Effect of three surface sealants on marginal sealing
of Class V Composite resin restoration. Oper Dent,
25:448-453, 2000.

Torstenson B, Brannstrom M, Mattson B @ A new
method of sealing composite resin contraction gaps
in lined cavities. J Dent Res, 64:450-453, 1985.
Bertrand MF, Leforestier E, Muller M, et al. : Effect
of surface penetrating sealant on surface texture and
microhardness of composite resins. J Biomed Mater
Res, 53:658-663, 2000.

Noguera AP, McDonald NJ : A comparative in vitro
coronal microleakage study of new endodontic
restorative materials. J Endod, 16:523-527, 1990.
Morin D, DeLong R, Douglas WH : Cusp reinforce-
ment by the acid-etch technique. J Dent Res,
63:1075-1078, 1984.

Pilo R, Ben-Amar A : Comparison of microleakage
for three one-bottle and three multiple-step dentin
bonding agents. J Prosthet Dent, 82:209-213, 1999.
Palamara D, Palamara JE, Tyas MJ, et al. : Strain
patterns in cervical enamel of teeth subjected to oc-
clusal loading. Dent Mater, 16:412-419, 2000.
Dutton FB, Summit JB, Chan DCN, et al. : Effect
of a resin lining and rebonding on the marginal leak-
age of amalgam restorations. J Dent, 21:52-56, 1993.



CigtolR|nists|X| 31(3) 2004

Abstract

THE EFFECT OF REBONDING IN MICROLEAKAGE OF CLASS ¥
RESTORATIONS UNDER LOAD CYCLING

Yeon-Hee Youn, D.D.S., M.S,, Young-Jae Kim, D.D.S., M.S., Ph.D.,
Jung-Wook Kim, D.D.S., M.S., Ph.D., Ki-Taeg Jang, D.D.S., M.S., Ph.D,,
Sang-Hoon Lee, D.D.S., M.S., Ph.D., Chong-Chul Kim, D.D.S., M.S., Ph.D.,
Se-Hyun Hahn, D.D.S., M.S., Ph.D.

Department of Pediatric Dentistry and Dental Reaearch Institute, College of Dentistry, Seoul National U niversity

One clinical technique recommended for improving marginal integrity is “rebonding” or application of unfilled
resins to the surface of composite restoration. But continuously the restorations are affected with occlusal load.
There is room for doubt that the rebonding agent has the positive effect on microleakage in spite of the stress
generated by the occlusal load. This study determined the effect of rebonding on microleakage of Class V resin
composite restorations under load cycling.

Class V cavities were prepared on the buccal surface of 40 sound extracted premolars and restored with a hy-
brid light-cured resin composite according to manufacturers directions. They were randomly divided into two
groups consisting of 20 samples: a control(group 1), without surface sealing, and the other group{group II) in
which margins were etched and rebonded. After thermocycling, each of groups was divided into subgroups(group
A, B), and load cycling(total 100,000 cycles with 4-100N load at a rate of 1 Hz) were applied on the group B.
Assessment of microleakage utilized methylene blue dye penetration.

The following results were obtained:

1. In the occlusal region, no significant difference was noted in the scores regardless of whether or not the re-

bonding agent was used(group IA-IIA, IB-IIB) (p)0.05).

2. In the cervical region, the control group with rebonding(group [1A) showed the better result than the group

without rebonding(group IA) (p¢0.05).

3. In the cervical region, the rebonded group with load cycling(group IIB) showed similar results to the group

without rebonding(group IB) and no significant difference was noted(p)0.05).

Key words : Composite resin, Rebonding agent, Microleakage, Load cycling
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