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ABSTRACT
A STUDY ON FRACTURAL BEHAVIOR OF DENTIN-RESIN INTERFACE

Gil-Joo Ryu, Gi-Woon Choi, Sang-Jin Park, Kyung-Kyu Choi*
Department of Conservative Dentistry, Division of Dentistry, Graduate of Kyung Hee University

The fracture toughness test is believed as a clinically relevant method for assessing the fracture resistance
of the dentinal restoratives. The objectives of this study were to measure the fracture toughness (Kic) and
microtensile bond strength of dentin-resin composite interface and compare their relationship for their use
in evaluation of the integrity of the dentin-resin bond.

A minimum of six short-rod specimens for fracture toughness test and fifteen specimens for microtensile
bond strength test was fabricated for each group of materials used. After all specimens storing for 24 hours
in distilled water at 37C, they were tensile-loaded with an EZ tester universal testing machin. Statistical
analysis was performed using ANOVA and Tukey s test at the 95% confidence level, Pearson's coefficient
was used to verify the correlation between the mean of fracture toughness and microtensile bond strength.
FE-SEM was employed on fractured surface to describe the crack propagation.

Fracture toughness value of Clearfil SE Bond (SE) was the highest, followed by Adper Single Bond 2
(SB), OptiBond Solo (OB), ONE-STEP PLUS (0S), ScotchBond Multi-purpose (SM) and there was signif-
icant difference between SE and other 4 groups (p ¢ 0.05). There were, however, no significant difference
among SB, OB, 08, SM (p > 0.05). Microtensile bond strength of SE was the highest, followed by SB, OB,
SM, OS and OS only showed significant lower value (p € 0.05). There was no correlation between fracture
toughness and microtensile bond strength values. FE-SEM examination revealed that dentin bonding agent
showed different film thickness and different failure pattern according to the film thickness.

From the limited results of this study, it was noted that there was statistically no correlation between
K1C and #TBS. We can conclude that for obtaining the reliability of bond strength test of dentin bonding
agent, we must pay more attention to the test procedure and its profound scrutiny. (J Kor Acad Cons Dent
32(3):208-221, 2007)

Key words: Fracture toughness, Microtensile bond strength, Short-rod specimen, Dentin-resin composite
interface, FE-SEM, Dentin bonding agent

- Received 2007.3.14., revised 2007.4.20., accepted 2007.4.24. -

* Corresponding Author: Kyoung-Kyu Choi

_ , .M £
Professor of Division of Dentistry,
Graduate school of KyungHee University
1, Hoegi Dong, Dongdaemun Gu, Seoul, Korea, 130-701  @ujAlg]d]l Fo] A&FFo] A= Aln|FE
Tel: 82-2-956-9337 SR 277} 27190l nhek Av)x| 2tz Yol
E-mail: choikkyu@khu.ac.kr A ete B30 A Z7letm gk 21 AFE A3

208



A ]— A& AHEAIE7| ko] FE81%7] Wl
Ao tial A7kl A 44E AEE FRE & 9%
o} A& B9, opdgtely 8 By A7) AA A
THOZ AMEE o} $7] WiFoll 77 el AR Z A2
T WA B FES ARE AT 7 UG 2
g ¥4 Ve g2 H2 7H‘:'Lﬂ— 7H§5£ %%5}5101
AHEE 3 Qe 7)7bo] Fot F 4
oAgy 75 A& 452 -)F %”E Aol 54’“01‘3} hl é
B2 QA7HEL 9 AL ATFE T
AEdge 71Eez A& i gioh W}EW QH}E
ZFste A Aol UM Asdde 2AE
npdshe Ul 8¢ #A g & 4 ot

Ayobd HaAel A2k dubd o g Aopro] Ak o3
23 E S 1 =EHE R94F WETEE Ale| 2 Ao
A& Eo7F A" EFA ("hybrid layer'” &
“interdiffusion zone ?)ell ¢J3ted o|Fojzlt} 1 Ft o
2 AgtEel AFEA o] AHe] FeHA, &A™ 7]
74]}49‘“’ EA3 A HY 9 J@*Jr‘)ﬂ digt B x
2 (de-bonding)9] 714

o

I‘F

5l 248 HAAAMY A&Au A7}
L=t Jéﬂo?r H F2 stolA alglor, AR eeln
Aotd AAA e Agd e Aok = oA E s
ol g3 YPke. el Aguel B AL
EREERPPEER ST ER
of weh 2 A3 olalishs d of

AN 24 S Yol Agale o A4
_;'Z_

of LA o, 4 L dSE TR @
A& e 1 Bt o2 d7vkad de 434 2#
Atolel Wiy} in vitrost in vivo 7+e] BT} U A

g 7sl7) dejo] AGAwe) FE t wHslel ¢
TR ah SAHCR AHe AT e JER
e 54 e Adolre] 24T 68 EX2 st
oAl Hof g ® A2 S Brtelr] daf netd 4
e Az Wid Acke Al dsf sl o
T, Zeto] AN dojutol sk, Aol Felo] dE=
D7) gotol @tk weF EEstd AW E AP B0
Aﬂi A E A o A5 *orM A%

< Hlug oy Fuddoes i & A

@4 =4 1 Aol A}J‘iﬂb REREE rﬂﬂ R

2 Astol of A9 Mwwg

AHOIE-2E17 SRR BIAHS0| et o7

i)

=7t g5 AlgAgde] Q) % Ao ]‘jr Van Noort $2%& 83
8 et AR E SAXE

BT S olgke A AEE
718tiet. o3 A S tete] Hot Addol 4=
HAS 1 6}§ Eal ulxﬂolﬂaﬂﬂ s =

S e o) Ad zow Moz 4% =9 o
Zﬂi% 7+ AWML EAE= o de 2851

¥
Ak, "9y we R Astol Uk Az A
PHoE Bl KICthe ahtel A5E Fays, o

HkR o2 %7 T“r"t1 a719 G 1 gt ol
ZAH o2 A5 Are B4 Ao FE| 25t
7] ¢4 A7l 4IPS Lo BE AFY AEe ﬂ]%
T4, A, aela 23 Al TAshs dEelu Al 9
& Alghiert, metd F0QehE X908 A5 FEste
A& AAFY Nz At 2ela 44 A e Al AdE
Ashe o 9lo] wi$ S8 ovjE st

FEA o EEA 7l #Aet A5 E 1578 EAS Ve
W] Bode Adzdd uel 245 %k"i*i A ge] n|
ATz, 33304, 4834 9 397|1d 58 A4 a2
uf ofn|7} slem, A REAS M g U nEA

‘ :T:

M

g2 EE Feld 2g0] Y A% AAY ZJunch 94
we $8 g SEs, 28 sde 49¢ 799
Aol 9@ Aol FEe 95 Fed 942 o
2} 27l ANE At 94 2710 £da we
sEe Asslol B} wvru}w SEEEEPEES

SEo] JlElA @A Wdel g8 AFE AAleyA|
(strain energy)7} I 2 £W 34 Al AR E LA B
o AW o] Al At g7t dojdths oA
Z87Md (energy balance approach)®}, #€ F9 ¢
v Y FFA =t €A T =EetH Bt o
ojdtts 58 37N (stress intensity approach)ell
o st g 8tA HHA olgldtedof gt} o]F sdEE
33 Al Mose dded dgd 2/AYE, F QLS
Azl A QAN UA] AL (critical strain
energy release rate, Gic) 2, x49] 7% A &)
A% (critical stress intensity factor, Kic) & % 2lslsich
29.31-33)

B3 22 AR JAZd g 71 EA
olgl= FastH, olv A A duET EFHA
HellA dd& dutd oz 39 714 S Bl 2=

=

209



CHEIX| BHEZSIS(X]: Vol. 32, No. 3, 2007

o® g ek 2 v dA W] Al F
73371 JML I %7}"]?]“ T4 Bo“?é i1 |2
Wol| wriel gdo 428 F I
= U 22HE 33197 ¢ J:% 07}/‘121‘3}36). YoungfwL
Beaumont®™& silica 4AE o] &g A #Hzle
toughening 7] ol thsle] #Le] z1gho] AR} Ale]d]
A DA 02 AA|E e crack pinning @/Fol2ka AE s}
A, Kim 5% A4 EFee 37]H & crack
pinning ¥% ol e} v|AlFE e ey BA T =4
of o3 A FTHA] F7lEH o] o] Fojzitky AHs}
At
Bt o8] AFrtEd & tgd FHE A e o

3 A5 QA Fol BaHAUrt. Lloydst Adamson™
< Single Edge Notch& 7HA& AlHS o] &3t B3t
A3} Fex ofe]Qxen], T2l opRY HIQNGE v
&t} Goldman'-2 Double Torsion Techniques ©|&
st % BdeRy F 2 ofeleem e FRIGE &
;S’O}S\’iﬂ, o9} A JAAAN oA FAEEQ Gie, 1
21 AR A =279 ack 2AEAC £ 55 2 o]
29 YAAE Ael sge) g BIVE Ao,
Fold /B AR Qe dg Eaue 54 4
o]t

B dATFE Aold-EgdgA A #2d47 njAdA
AAEE 2Hstn FAAAARA S o] &3 HEAAH
2 ooy #ES Bl 4 A3 SAE vuH ke,
25 AR L TR 3 APt

2M AT 29 shebdA] (BA 1HE ©f
: ) Zdobaniol] eyt g7t A
2 OE 539 dotd @i&xﬂ—% olgstd £38 HHAX
(Z250 3M ESPE, St Paul, MN, USA)S &3¢ ¥, 9|

g gord YAAL £0) Ut el AdFo ERS
Ak, dotd HHA L Tt 242 Table 10, 7 Ao}
2 FEA ] AzAIN BREE Gl HFA ] Aed
H-2 Table 20| A2l3ldc}.

-

P

N
>
ook
OII

QEERREES:

@ F7RG A|HE AF - AJH] FYE At HHed 2
S 7R £ short-rod A/H?E o] &80
(Figure 1). 94 A3 g9 S4& A A9
W F o] WS AEE o fr= Bl mA fA A1
ol XoldHZ HRAA BH-"dold HAHE YA
& & Sl7] WEolth, o} BHE Xt e 14
AlEE HA ARt 1 Foll A& AIA (124 A H
B3RS AT AR AFEen, 1 3e
o3} 2t} ‘

Table 1. Dentin bonding agents (DBA) used in this study and their compositions

Groups (Code) Manufacturer (Batch #)

Composition

ScotchBond Multi- 3M ESPE, St. Paul, USA

purpose (SM)

(Primer : 4AL, Adhesive : 4NN)

Primer: HEMA, water, Copolymer of polyalkenoic
acid
Adhesive : Bis-GMA, HEMA, CQ

BISCO, Schaumburg, USA
{0600003550)

ONE-STEP PLUS (0S)

Bis-GMA, Biphenyl dimethacrylate,
HEMA, Acetone, CQ, filler (1 um, 8.5%)

Kerr, Orange CA, USA

OptiBond Solo (OB) (441210)

Bis-GMA, HEMA, GDM, GPDM, EtOH, CQ,
ODMAB, BHT, TS530,A174, SP345,
Na2Si6F, filler (0.4 wm, 15%)

3M ESPE, St. Paul, USA

Adper Single Bond 2 (SB) (6GH)

Bis-GMA, HEMA, Bis-GMA, Water,
UDMA, Polyalkenoic acid copolymer,
Ethanol, filler (5 nm, 10%)

Kuraray Medical, Japan
(Primer : 005688,
Adhesive : 00800B)

Clearfil SE Bond (SE)

Primer: MDP, HEMA, N, N-Diethanol p-toluidine,
water
Adhesive : MDP, Bis-GMA, HEMA,
N,N-Diethanol, p-toluidine, microfiller, CQ
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Table 2. Instructions for use of dentin bonding agents(DBA)
Groups (Code) Bonding procedure
etch 15sec — rinse — blot dry — primer application — gentle dry bsec —

ScotchBond Multi-purpose (SM)
adhesive application — light cure 10sec

ONE-STEP PLUS (0S) etch 15sec — rinse — blot dry — shake for 3 ~ bsec, coating minimum

2 times — gentle agitate 10 ~ 15sec — air blow — light cure 10sec

OptiBond Solo (OB) etch 15sec — rinse — blot dry — adhesive application, gentle agitate 15sec —

air blow 3sec — light cure 20sec

Adper Single Bond 2 (SB) etch 15sec — rinse 10sec — blot dry — 2 ~ 3 times application with agita-

tion — air blow bsec — light cure 10sec

Clearfil SE Bond (SE) primer application 20sec — air blow gently — adhesive application — light

cure 10sec
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Figure 1. Schematic geography of fracture toughness 4024, 9 402 23]) FZE=Tt. A1d
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Figure 2. Each component of the mold.
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Figure 3. Assembled mold.
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(4) FE-SEM (Field-Emission Scanning Electron
Microscopy) 2

QA AlE A2} F, £A 02 Aihsle] XoldHA &
gyzlo] g FES 22A7 F #1500, #2000 SiC
paper?t 7ZnO ¥T-& o] &t dAwlsla, 4AHEA 3%,
NaOClell 3% A2|g ¥ gold sputter (SC 502 sputter
coater, VG MICROTECH, England)ate] A2 |3}
9t FE-SEM (LEO SUPRA 55, Carl Zeiss,
Germany : GENESIS 2000, EDAX, USA)Z o] &3}
oS FASATh A S-S ek AlE 209 T
q AHez §2))e A¥7d TR e Mg
gold sputtering & A3t} (50 ~ 5,000 ¥l &).
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Table 3. Fracture toughness(Mean = S.D., u» - m"?) of b experimental groups

Experimental M 08 OB SB SR
groups
Kic 0.69 + 0.19 0.71 + 0.14° 073 +£0.12° 0.79 £ 0.04*° 0.98 = 0.19

- Values with same superscript character for each fracture toughness were not significantly different, at the p < 0.05 level.

Table 4. Microtensile bond strength(Mean = S.D., ) of 5 experimental groups

Experimental sM 08 OB B SE
groups
HTBS 51.06 + 8.8 4069 + 1074 5168 + 9.19" 5254 + 885  53.25 + 10.29°

- Values with same superscript character for each microtensile bond strength were not significantly different at the p
< 0.05 level.

(MPa-m'/E) Fracture Toughness Microtensile Bond Strength
1.4 70
19 B e 60 J—
1 50 ¥ M1 ]
0.8 T T F I 40
0.6 By 30
0.4 20
0.2 10
0 : . : : 0
Sm 05 08B S8 SE SM 0s 08 5B SE
Figure 4. K1C value of experimental groups. Figure 5. #TBS value of experimental groups.
(2) U] LAY A= (3) FE-SEM &%
5N AT pARIAARAEE Table 49‘r Figure 5 FE-SEM #2-& &8 spacercl] 28 994 ez A=
o ‘/}E}L} AL, o] & SE%O} M =& % VEdon, AP (bevel) = we} #o] APH = A &AE 4 99
SB, OB, SM, z2lx 087t 2 §|1& 01214. SE, SB, o (Figure 6). ¥ AJHe] Bzl Ddﬂr ok WE
OB, SMT* Atelol= BAIEAA A7} gl (p ) #E&G A spacerd] 23] FHEOIH AMEE webd 27
0.05), OST9 mAAAAF7}=E SE, SB, OB, SMT o] AP Y- §Eo] o= 30| o]2H Bt
o vlg] folstA W ZFA=E JeERIAT (p € 0.05). A Ee H&AS W' dojde F4E 29 (Figure 7).
7} Aot H&AA 9| Firol wE g wAAGE DAA A Fotdd AFE F3 Tl AFHE
B 2R FABAAS Lolr7] 98] Pearson s chevron-notch® EA|7 FHolx e Hib= LH W«i vt
FEATE ST A E Aol ARHATE gle A o] dojukA|et, Fgo] AU Jold Foz AFs]
o= vyt (1 = 0.223, t = 0.927). o] #Zl MEZ oA BHo] dojye= A& & Jé T3

Aot (Figure 8). SM#e] HATH #Fo|Me= vlus F

213



CHBIX| B2 ZSF3(A]: Vol. 32, No. 3, 2007

Photo Na. = 2046
Date :7 Nov 2008

Detector = nLens

Figure 6. The resin surface of fractured K1C specimen
of SM group (X 50).

It showed that bevel formed by spacer and crack
occurred along the bevel.

C: Composite resin, CAD: Composite adhered to dentin

EMT = 10.00 kv Detector = InLens

Mag = 250X mm Date :7 Nov 2006

Figure 8. The dentin surface of fractured K1C specimen
of SB group (x 250).

It revealed that the failure occurred between resin-
infiltrated layer and adhesive layer.

At the tip of the bonded surface(white arrow), failure

occurred mainly within the adhesive resin layer.
D: dentin, AR: Adhesive resin layer

4

(o}

T3 HASo] BAHUoY, FAH 40 ~ 55um
FAE JER T Figure 9). SB9] M 2ehd Bzt
Ht 14 ~ 25m T JHAFS BT, 7491 R
2ol L resin tag®E YA Yot 4B
oM #E AAFHYoH, HE resin tage ”‘%

7 A3 A} (Figure 10). SEx9] Fadhd #zto]
AET FAM 7 FAL 50 ~ 60me] FE FAE

on UIRE ol FEE resin tag® AYA YAt

n H

E
30
rir

_>L: it
oo wo o2 o
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EHT = 10.00 kv Detector = InLens
ag = 500 X WD= 16mm

Photo No. = 2076 Kyung Hee
Date :7 Nov 2006 b Ll

Figure 7. The resin surface of fractured K1C specimen
of OB group (X 500).

The arrows showed that crack formed along the bevel
move into the adhesive surface (see the black arrows).

Photo No. = 2059
Date :7 Nov 2008

Flgure 9. The cross- sectlonal SEM photoglaph of
bonded surface of SM group (X 1,000).

The thickness of adhesive layer was 40 ~ 55 un and
dentinal tubules were running oblique direction.

The adhesive layer was relatively thick and uniform.

(Figure 11). % 7} Agv H2 s A HS B33 43
SMeAe gde] F2 HA&AEH 4 AFS Ale]oA
WAE ob-S HPon | resin tagtt Aol Bol W23
AFHA Ftm, EES FAEe] #EHAY (Figure
12). OS] A E M = HZIH T} AJolam R0 A
44 resin tagZt Bol HEHJCH, resin tagd] HA
of Bzl S #A TSN LA sta] otdlde 7]
To 2 73 Fdol AAHAUT (Figure 13). OB 3

o



Figure 10. The cross-sectional SEM photograph of
bonded surface of SB group (X 3,000).

The thickness of adhesive layer was 14 ~ 25 um and the
dentinal tubules were filled with resin tags.

Some of the dentinal tubules were empty, some of the
resin tags had many branches.

RT: Resin tag, ID: Intertubular dentin, PD: Peritubular
dentin

.= 2051
Date :7 Nov 2006

Lo i

Figure 12. The resin surface (left) and denti

HOIE-SEFN HEABe HHISof hE A7

EH

Figure 11. The cross—sectional SEM photograph of
bonded surface of SE group (x 1,000).

The thickness of adhesive layer was 50 ~ 60 um and it
was the thickest adhesive resin layer among the
experimental groups.

Most of dentinal tubules were filled with resin tags.

5%
Photo No. = 2067
Date :7 Nov 2006

EHT = 10.00 kv Detector = InLens
Mag= 200KX WD = 16mm

n surface (right) of fractured SM group (X 2,000).

Bond failure occurred predominantly between the resin-infiltrated layer and adhesive resin.
The orifices of dentinal tubules were not seen clearly and irregular adhesive resin layer was showed at the dentin surface of

fractured specimen.

AAH ] Gl = B 3HHHE resin tag? I F&
Ho g Hazo] HFHQ L}, FJoldH L vl 7Fdg &
&S Jeh%l o™ | resin tag2 QA B Aol #HE o]
H2E AT, Resin tagd] L F2 Aol Te] ¢ 7ol

sttt (Figure 14). SBZ9 #ldH M e v w4
A 914 H resin tag7l FAFHAC oAM= B

A

A2 B resin tagZ AHAAY o

' o Ee] #2H U (Figure 15). SET
A Fold™ ZFA resin tagth AobA@e] A
HAHA @it} A ol BF EHY B
e Uehlizlen, a3l F2 F35 Yol 23t
(Figure 16).
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EHT = 10.00 kv
Mag = 2.00 KX

Detector = Intens Photo N
WD = 16 mm Date :7 Nov 2006

Figure 13. The resin surface (left) and dentin surface (right) of fractured 0S8 group (X 2,000).

Many broken resin tags were seen on the both specimens,

the fracture of the resin tags mainly occurred at the upper part of the resin-infiltrated layer.

RT: resin tag, DT: dentinal tubule

Photo No. = 2099
Date :7 Nov 2006

Detector = InLens
WD = 19mm

EHT = 10.00 kV/
Mag= 200K X

e

K:m)ho

N~

Photo No. = 2105
Date ;7 Nov 2006

Detector = InLens
WD= 20mm

EHT = 10.00 kv
Mag= 2.00 KX

Flgure 14. The resin surface (left) and dentin surface (right) of fractured OB group (X 2 000)

On the resin surface, many resin tags and adhesive resin layer was seen partially. .

The dentin surface of the fractured specimen showed relatively smooth appearance and many dentinal tubules filled with
resin tags. The fracture of resin tags were occurred at the orifices of the dentinal tubules. :

AR: adhesive resin layer, RT: resin tag

Photo No. = 2086
Date :7 Nov 2006

EHT = 10.00 kv’ Detector = InLens
M

Figure 15. The resin surface (left) and dentin surface (right) of fractured SB group (X 2,000).
Relatively short broken resin tags were seen on the resin side.

10pm

Photo No. = 2092
ate :7 Nov 2006

Detector = InLens
WD = 19mm

EHT = 10.00 kV
Mag= 2.00 KX

P

Irregular adhesive resin layer and dentinal tubules obstructed with resin tag or covered with adhesive resin were seen on

the dentin side of the fractured specimen.
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EHT =10.00 kv

Flgure 16. The resin surface (left) and dentm surface {right) of fractured SE group (x 2,000).

- Resin tags and dentinal tubules were seen rarely.

Both sides showed very irregular appearance and bond failure occurred predominantly within the adhesive resin layer.
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