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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 37T, 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, OS, 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(8):208-221, 2007)

Key words: Fracture toughness, Microtensile bond strength, Short-rod specimen, Dentin-resin composite
interface, FE-SEM, Dentin bonding agent
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Table 1. Dentin bonding agents (DBA) used in this study and their compositions

Groups (Code) Manufacturer (Batch #)

Composition

ScotchBond Multi-
purpose (SM)

3M ESPE, St. Paul, USA

(Primer : 4AL, Adhesive : 4NN)

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

ONE-STEP PLUS (0S) BISCO, Schaumburg, USA

Bis-GMA, Biphenyl dimethacrylate,

(0600003550) HEMA, Acetone, CQ, filler (1 um, 8.5%)
Kerr, Orange CA, USA Bis-GMA, HEMA, GDM, GPDM, EtOH, CQ,
OptiBond Solo (OB) (441210) ODMAB, BHT, TS530,A174, SP345,

Na2Si6F, filler (0.4 um, 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 : 00568B,
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

ScotchBond Multi-purpose (SM) etch 15sec — rinse — blot dry — primer application — gentle dry 5sec —
adhesive application — light cure 10sec

ONE-STEP PLUS (OS) etch 15sec — rinse — blot dry — shake for 3 ~ 5sec, 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 5sec — 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 B 402H, Y 40% 28)) FEBA. AlEe]
specimen. 3ol T8 F moldE d|A] spacerg A A
T F7458S Y8l Tescera ATL #587] (Bisco,
U.S.A)dl ¥ol 3&3 7t Fagstaiet. 7ie] 2
A 12E Al AL - & (9F 24 W) et A (T APT 9 Ha 6709 AlEE AR, AR 2
A A 14 o, WE SHTd Bl £He A £ AL 37T TR 24417t Bt BAg & 1y
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&3t 0.9 me] FAE M EE ddsigitt, o
F& me W whiEe Jobdol HEE 3 o @ A9 34 - A AL ligature wireE ©f
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A2A o] F3E ARRA L= 27 EAAE o] &35)0] (minimum stress intensity factor coefficient)
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Figure 2. Each component of the mold.
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Y = 28.10 + 58.99a0 - 122.3a0° + 183.3a¢’,
(W/D = 2.00€ )
a > a)/W
20 . /\};q ﬁod_4 ] o]
(load A44d 225 ¥ chevrond tip7HA] Az])

S Vine heel Ao

99 AL AL B3 A Aol zhzte] 1t
HAH A &5 2 22E chevron notch tipZHA] 2] AglE
ZJste] T2 tidstnt.

(2) mARIEARA =S 54

29 skt AX FHE dnlsle] Adold & ‘*Z"]ZJ =
#600 SiC paperg °]-&sto] HF Anpslitt. =249 4
ot W& AlzAte] Aol whet Adobd HAA|E A Lot

B3R (Z-250, 3M ESPE, U.S.A.)E o] 839 o] 4
me] 3 BE5S Fxar. d7 E50 AE AHE
37C =75l 2473 5 B T A% diamond
saw (Isomet, Buehler, U.S.A.)E o]-&3to] S 1 m7}

5 disc FHE A8ttt o] discE Al 22 7171
£ ol &3] 1 mm Fo| HEE Artslo] 1 A} ol -
A A Ao] oF | wrol wh] woke] AW 7t T HA
157K A Aretar, Bk g eek 42 99l digital cahpera
o]-&3ted 1/100 m7h=] AWl 742, A& Hol&
AT o AlHE WA ARAE S A% Jlgoﬂ
ZAPIT (Dental Ventures of America, USA)< ©]-8-3}]
23 T universal testing machine (EZ Tester,
Shimadzu, Japan)< ©|€3t] 1 m/min®] $E2 Q1%
$82 7kt g7t dojd ule] SHAY S-S nA|
AAAGA==Z it

212

Figure 3. Assembled mold.
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(4) FE-SEM (Field-Emission Scanning Electron
Microscopy) ¥

QAN Al A -, 2 02 Arksio] Xopd A &
gzl FAE & =&A71 F #1500, #2000 SiC
paper®} ZnO & o] &3t Amjstar, AHEA 3%,
NaOClel 3% A3 3 gold sputter (SC 502 sputter
coater, VG MICROTECH, England)ato] A|H S F1]3}
Atk FE-SEM (LEO SUPRA 55, Carl Zeiss,
Germany : GENESIS 2000, EDAX, USA)< ©]&-3}o]
oS LT 947914 —.@g npzl Al (2709 o
dAFeR FiE)e A87d FAYRE e gty
gold sputtering ¥ %23 }%113} (50 ~ 5,000 =&).

57 AEFe] 329142 Table 3% Figure 4 Yeh}

| 7V =& a2 JUehdlen, SB, OB, 08,
SM o2 Ueistt SAEA 23, 718 l‘:%fi s Ee
SEZ2 SM, 08, OBzl Hlg} fefshAl w2 #h& et
e (p € 0.05), SEXS A|9)g YA ”‘e‘?ﬁﬁf 2kl
= BAEA fFoAtE vepA &skth (p ) 0.05).
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Table 3. Fracture toughness(Mean £ S.D., w: - m"?) of b experimental groups

Experimental M 08 OB 9B SR
groups
Kic 0.69 + 0.19° 0.71 £ 0.14° 0.73+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., us) of 5 experimental groups

Experimental M 0s OB B SE
groups
#TBS 51.06 + 8.89"  40.69 + 10.74" 51.68 + 9.19° 52.54 + 8.85 53.25 + 10.29

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

MFam'7]
t F e . I
|
Figure 4. K1C value of experimental groups. Figure 5. uTBS value of experimental groups.

(2) HARI A= (3) FE-SEM ##

5/ Adae vAAG AR EE Table 49 Figure 5 FE-SEM ##-2 %3 spacerdl| 28] 91|14 oz g4
o et 813, o] 5 SEwol 7P & & vehilen, A (bevel) = Wl o] A= As AT+ AN
SB, OB, SM, 181 087} 1 HE °|Att. SE SB, o (Figure 6). 3P A1) HeR W3} Fopd W&
OB, SMi Atolel= FAIEHAEQL f<lab7t 13 (p HA3 A7} spacerdl] 93] WHEZl AFEE wEkA] 27
0.05), OST9] WAAFATI=E SE, SB, OB SM+* Tho| APt - Go] o= Fof o]2d H3
o Hlal fFolstA W& AFHEE VeI (p € 0.05). 2 EE FAS YR Aol S EAY (Figure 7).

7} 2ot JAA| S Rl wE oA nARIE FAA AL Fotdd #AFE T #Lo| AFHE
FAE S AHBAE Lolir] A3 Pearson s chevron-notch®] #A4d 9ol += 2421%‘ 14101]/\19] u}
FEATE 34 A7, = Aoldle ZABAZ gle A Aol dojupA| gt Ho] ZgHA] ol 2 218 y]
o2 Vet (F = 0.223,t = 0.927). o] #7 AFZ oA shdo] dojue A= —?LJ% T U

At (Figure 8). SMate] 2t Fo|A = vlud F
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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

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

A T Aol #EEen, SHAT 40 ~ 55un
o] FAE YeRAAtHFigure 9). SB-2] Azt ko
Ae 14 ~ 25m A9 HFAES EAx, A thFE9
gobA| T2 resin tag® AFA oY G vloE A
oA #E FAFNoH P resin tage B THES
7HA 2 e (Figure 10). SET] Hadd #ad &
AT FolAM 7P T4 50 ~ 60une] HEE FAE 2
Rom, thFEEe] Aol T resin tag® AHA AT

214

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).

Figure 9. The cross-sectional SEM photograph of
bonded surface of SM group (X 1,000).

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

The adhesive layer was relatively thick and uniform.

(Figure 11). = 7 A3 M2 SAAHS AES A3}
SMzllA e 9ol 2 H&AZ3 gzl TS AtoolA]
WAEE RS HYoH | resin tagh AobAl o] W&
wAH A kot Bt Aol #AHAT (Figure
12). 0ST9] SAAH & d AT} AJopdH Bl A
44 resin tagZl ol #HEHJCH, resin tage] I
o] B3zl Z9 Y A FZol| A BAYsto] AobAHe 7]
o

T E2 XY Fdol #2HUY (Figure 13). OBL ot
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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

Figure 12. The resin surface (left) and dentin surface (right) of fractured SM group (X 2,000).

SOrE-F Al FEA| | TS0 st A7

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

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

Most of dentinal tubules were filled with resin tags.

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.

AAAe] PR B 3 resin taget 7 F
Aoz HAZo| HAHUT Fold L vlud FdgH
2 YeRAN 2™, resin tag® AAA B AJolA|HEo
B2} Resin tagd] L F= Aoplde] 47
A BT (Figure 14). SB-9] iR A = v w4
7 97449 resin tagZt FEHUTH ol = Ef

T
ol

= =

A& A3} A resin tag® QA AY H2E R o
A ol sl #FE A (Figure 15). SET
71z} oldH BFoA resin tagth “dotAl#o] A

27 ok, XA} Foldd BT Bt B
o Uepidlen, o= 2 H335 volA Tt
(Figure 16).
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S
P b = 20
T b T

- .
Figure 13. The resin surface (left) and dentin surface (right) of fractured OS 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

¥ 1 F = -
Figure 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

T~
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.

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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Resin tags and dentinal tubules were seen rarely.

SOrE-F Al FEA| | TS0 st A7

Figure 16. The resin surface (left) and dentin surface (right) of fractured SE group (X 2,000).

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