
SHEAR BOND STRENGTH OF LOW-SHRINKAGE COMPOSITE 
TO DIFFERENT DENTAL SUBSTRATES

ABSTRACT

Purpose: This study determined shear bond strength (SBS) of two composite restoratives 
bonded to enamel and dentin immediately (after one day) and after one month of water-storage. 
Methods: Eighty intact molars were sterilized with Gamma irradiation and mounted in acrylic 
resin bases. These were divided into two equal groups. In one group buccal enamel was ground 
ÁDW�ZKLOH� LQ� WKH�RWKHU�EXFFDO� HQDPHO�ZDV� UHPRYHG� WR�H[SRVH�ÁDW�GHQWLQ� VXUIDFH��&\OLQGULFDO�
specimens 2mm thick and 3mm diameter prepared from two composites: Filtek-Z250 (Z250) 
(3M/ESPE, USA) and Filtek-LS (LS) (3M/ESPE, USA) were bonded to enamel and dentin 
surfaces. Single Bond (3M/ESPE, USA) adhesive was used with Z250 while LS adhesive (3M/
ESPE, USA) was used with LS. Each group was subdivided into 2 subgroups. One subgroup was 
WHVWHG�DIWHU�RQH�GD\�VWRUDJH�LQ�GLVWLOOHG�ZDWHU�DW����&�ZKLOH�RWKHU�ZDV�WHVWHG�DIWHU�RQH�PRQWK��$Q�
Instron testing machine was used and force at failure was recorded. Mean and SDs were calculated 
and data statistically-analyzed using ANOVA. Results: For enamel, mean and SD for SBS in 
MPa measured immediately were: 18.4(1.9) and 9.4(1.3) for Z250 and LS, respectively. After 
one month, means and SD values were: 18.3(1.6) and 9.2(1.1) for Z250 and LS, respectively. 
When dentin was used, mean SBS values in MPa measured immediately were: 15.8(1.2) and 
13.0(1.8) for Z250 and LS, respectively. After one month, mean and SD values were: 15.1(1.5) 
DQG� ���������� IRU�=���� DQG�/6�� UHVSHFWLYHO\��$129$� UHYHDOHG� VLJQLÀFDQW� GLIIHUHQFH� DPRQJ�
groups (p<.05) regarding type of composite, however, for substrate and storage time there was 
QR�VLJQLÀFDQW�GLIIHUHQFH�LQ�PHDQ�6%6��S!������Conclusions: Filtek-Z250 resulted in mean SBS 
YDOXHV�WKDW�ZHUH�VLJQLÀFDQWO\�KLJKHU�WKDQ�WKRVH�REWDLQHG�ZLWK�)LOWHN�/6�DW�DOO�WHVW�FRQGLWLRQV��
7RRWK�VXEVWUDWH�W\SH�DV�ZHOO�DV�VWRUDJH�WLPH�XS�WR�RQH�PRQWK�GLGQ·W�VLJQLÀFDQWO\�DIIHFW�6%6��
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INTRODUCTION 

The improvements in dental adhesives and 
resin composites, along with a minimally invasive 
approach to caries treatment, have made these 
restorative materials widelyaccepted for direct 
posterior restorations. Dental composites consist 
RI� ÀOOHU� SDUWLFOHV� HPEHGGHG� LQ� D� UHVLQ� PDWUL[��
&RQYHUVLRQ�RI� WKH�PDWUL[�PRQRPHUV� WR� D�SRO\PHU�
QHWZRUN�XSRQ�OLJKW�H[SRVXUH�FDXVHV�WKH�PROHFXOHV�
to be packed more closely, leading to a volumetric 
shrinkage that varies from 5 to 15vol% for cured, 
XQÀOOHG�UHVLQV�DQG�IURP�OHVV�WKDQ����XS�WR����IRU�
SDUWLFOH�ÀOOHG� GHQWDO� FRPSRVLWHV�6XFK� VKULQNDJH�
is clinically unfavourable as it performs stress to 
the vulnerable interface. The magnitude of the 
resultant stress relies upon material properties like 
volumetric shrinkage, elastic modulus and degree of 
conversion.1-3

Polymerization stresses created by 
polymerization shrinkage may compromise the bond 
integrity, leading to concerns such as microleakage, 
postoperative sensitivity, and ultimately secondary 
caries. If the composite-tooth bond remains intact, 
stresses transmitted to tooth structure may result in 
FXVSDO�ÁH[XUH��HQDPHO�IUDFWXUH��RU�IUDFWXUHG�FXVSV�
2SWLPL]LQJ�SDUWLFOH�VL]HV��PD[LPL]LQJ�ÀOOHU�FRQWHQW��
and minimizing the concentration of ‘diluent’ 
monomers in the resin formulation are steps taken 
by the manufacturers to decrease the degree of 
polymerization shrinkage.In addition, material 
development by incorporation of ring-opening 
monomers has resulted in formulation of a recent 
FODVV�RI�VLORUDQH�FRPSRVLWHV�ZLWK�VLJQLÀFDQWO\�ORZHU�
volumetric shrinkage (less than 1%). However, 
conventional composites are still widely used in 
practice, and polymerization shrinkage remains a 
clinical concern.4

)LOWHN6LORUDQH�� LQWURGXFHG� LQ� ������ LV� WKH� ÀUVW�
commercially available resin composite not based 
on bisphenolAdiglycidyl methacrylate or urethane 
dimethacrylate, the dimethacrylate monomers most 

commonly used. This novel silorane-based resin 
takes its name from the combination of its chemical 
EORFNV�� VLOR[DQHV� DQG� R[LUDQHV�� 7KH� VLORUDQH�
PROHFXOH� KDV� D� VLOR[DQH� FRUH� ZLWK� IRXU� DWWDFKHG�
R[LUDQH� ULQJV� WKDW� RSHQ� XSRQ� SRO\PHUL]DWLRQ� WR�
bond to other monomers. This mechanism implies 
a slight reduction of the initial distance between 
monomers, which results in a volumetric shrinkage 
of less than 1%, which might generate less stress 
RQ� WKH� DGKHVLYH� LQWHUIDFH�7KH� VSHFLÀF� FKHPLVWU\�
and curing mechanism of the silorane-based resin 
composite required thedevelopment of a dedicated 
adhesive by the manufacturer. In the case of 
FiltekSilorane, a two-step self-etch adhesive was 
developed.2,3,5

Previous studies have indicated that the 
new silorane composite system greatly reduces 
VKULQNDJH� DQG� GHFUHDVHV� FXVSDO� GHÁHFWLRQ�,W� LV�
unclear whether the silorane composite with its 
lower shrinkage on dentin offers higher bond 
strength, and, to date, there have been few published 
studies comparing volumetric shrinkage, stress, and 
push- out bond strength of this adhesive system to 
conventional dimethacrylate-based self-etching 
systems.6-20Therefore, the purpose of this study was 
to determine shear bond strength (SBS) of Low 
shrinkage composite in comparison to methacrylate-
based composite restoratives bonded to enamel and 
dentin immediately (after one day) and after one 
month of water-storage.

METHODS

A total of 80 intact human molar teeth, recently 
H[WUDFWHG� IRU� SHULRGRQWDO� SUREOHPV� ZHUH� VHOHFWHG�
for this study. The teeth were cleaned from blood, 
debris, soft tissue and calculus using ultrasonic 
VFDOHU� DQG� H[DPLQHG� XQGHU� PDJQLI\LQJ� OHQVHV�
(X2.5) to detect any cracks or defects in order to be 
discarded. The teeth were stored in distilled water 
(changed periodically every one week) no more 
WKDQ�D�PRQWK�DIWHU�H[WUDFWLRQ�
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The selected teeth were mounted horizontally 
in acrylic resin blocks using splitted aluminum 
mounting rings. The mounted teeth were stored in 
distilled water until samples preparation. The 80 
mounted teeth were divided into two main groups 
(of 40 teeth each) according to the type of restorative 
material used, namely M1 for group of teeth received 
conventional hybrid composite (Filtek-Z250) (3M/
ESPE, USA) and M2 for group of teeth received 
low-shrinkage composite (Filtek-LS) (3M/ESPE, 
USA). Each of the previously mentioned groups 
was subdivided into two sub-groups (of 20 teeth 
each) according to tooth substrate, S1 for enamel 
and S2 for dentin. Each of the two subgroups 
was further divided into four divisions (10 each), 
according to the time elapsed between composite 
application and shear bond strength testing namely 
T1 (One day after composite application) and T2 
(One month after composite application). Enamel 
VDPSOHV� ZHUH� SUHSDUHG� E\� ÁDWWHQLQJ� WKH� EXFFDO�
surfaces uniformly across the tooth surface using 
a grinding wheel on a laboratory trimmer under 
ZDWHU� FRRODQW� WR� REWDLQ� D�ÁDW� HQDPHO� VXUIDFH�� )RU�
dentin samples preparation, complete removal of 
enamel was done using a high-speed dental hand 
piece together with a diamond wheel round bur of 
4mm in diameter (909 wheel round bur, Midwest 
Diamonds, Dentsply-professional, USA) to make a 
KRUL]RQWDO�JXLGH�JURRYH�DW�WKH�PD[LPXP�FRQYH[LW\�
RI�WKH�H[WHUQDO�EXFFDO�VXUIDFH�WR�D��PP�GHSWK�ZKLFK�

ZDV�YHULÀHG�XVLQJ�D�SHULRGRQWDO�SUREH�22After that, 
the enamel was removed uniformly across the tooth 
surface using a grinding wheel on a laboratory 
WULPPHU�XQGHU�ZDWHU�FRRODQW�XQWLO�H[SRVXUH�RI� WKH�
VXSHUÀFLDO� OD\HU� RI� GHQWLQ�� 7KH� H[SRVHG� GHQWLQ�
surfaces were inspected with magnifying lenses 
(X2.5) to ensure that no enamel was remained.The 
dentin surfaces were hand-polished in a clockwise 
circular motion using wet-600 grit silicone carbide 
paper for 30 seconds to produce a standard smear 
layer. The bonding surface was rinsed with water 
and gently dried with an air stream. After that,a 
���PP� WKLFN� FLUFXODU� VSOLWWHG� 7HÁRQ� ULQJ�� ZLWK� D�
FHQWUDO�KROH�RI���PP�LQWHUQDO�GLDPHWHU��ZDV�ÀUPO\�
ÀWWHG�RQ�WKH�SUHWUHDWHG�VDPSOHV�DQG�VHFXUHG�LQ�SODFH�
with the aid of a specially constructed copper ring of 
��PP�LQWHUQDO�GLDPHWHU�DQG��PP�LQ�KHLJKW��ÀJXUH�
����7KHQ��HDFK�KROH�ZDV�ÀOOHG�ZLWK�WKH�DSSURSULDWH�
composite material according to manufacturer’s 
instructions as a special adhesive system (Silorane 
SystemAdhesive Self-Etch Primer and Bond (SSA), 
3M ESPE) was used for (Filtek-LS) while an etch-
and-rinse adhesive system (Single Bond, 3M ESPE) 
was employed for(Filtek-Z250). Both adhesive 
systems were applied and polymerized according 
WR� WKH�PDQXIDFWXUHU·V� LQVWUXFWLRQV�%RWK�&RPSRVLWH�
materials were cured usingvisible light curing unit 
IRU����VHFRQGV�IURP�WKH�WRS�RI�WKH�7HÁRQ�ULQJ�RYHU�D�
celluloid strip at zero distance. The intensity of the 
light source wasnot less than600 mW/cm² and the 

)LJ������6SHFLDOO\�GHVLJQHG�VSOLWWHG�7HÁRQ�ULQJ�XVHG�WR�FUHDWH�FRPSRVLWH�F\OLQGHUV�WR�WRRWK�VDPSOHV
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visible light curing unit was checked for light output 
HDFK�ÀYH�FXULQJ�VHVVLRQV�XVLQJD�UDGLRPHWHU�23 After 
materials application, samples for T1 subdivision 
were subjected to shear bond strength testing 
using a Universal Testing Machine (Lloyed testing 
machine, Lloyed Instrument LR5R series-UK) after 
RQH�GD\� VWRUDJH� LQ� GLVWLOOHG� ZDWHU� DW� ���&� XVLQJ�
thermostatically controlled incubator, while T2 
subdivision was tested after one-month of water 
storage.

Statistical analysis

Shear bond strength data were presented as 
PHDQ��VWDQGDUG�GHYLDWLRQ��6'��DQG�����&RQÀGHQFH�
,QWHUYDO� �����&,�� YDOXHV��'DWD�ZHUH� H[SORUHG� IRU�
normality using Kolmogorov-Smirnov and Shapiro-
Wilk tests which showed that data were normally 
distributed. Three-way Analysis of Variance 
�$129$��ZDV�XVHG� LQ� WHVWLQJ�VLJQLÀFDQFH� IRU� WKH�
effect of material, substrate, storage time and their 
LQWHUDFWLRQV�RQ�VKHDU�ERQG�VWUHQJWK��7KH�VLJQLÀFDQFH�
OHYHO�ZDV� VHW� DW� 3� �� ������ 6WDWLVWLFDO� DQDO\VLV�ZDV�

performed with SPSS 16.0®  (Statistical Package for 
6FLHQWLÀF�6WXGLHV��IRU�:LQGRZV�

RESULTS

The mean shear bond strengthfor(Z250) to 
enamel after 1 day was 18.4 ± 1.9MPa and after 1 
month 18.3 ± 1.6MPa while, the mean shear bond 
strengthfor (Z250) to dentin after 1 day was 15.8 ± 
1.2MPa and after 1 month 15.1 ± 1.5MPa. On the 
other hand,the mean shear bond strengthfor (LS) to 
enamel after 1 day was 9.4 ± 1.3MPa and after 1 
month 9.2 ± 1.1MPa and while to dentin after 1 day 
was 13 ± 1.8MPa and after 1 month 12.9 ± 1.8MPa.

=����VKRZHG�VWDWLVWLFDOO\�VLJQLÀFDQW�KLJKHU�PHDQ�
SBS values than LS. For Z250, there was higher 
mean SBS values with enamel rather than dentin but 
QRW�VLJQLÀFDQWO\�GLIIHUHQW��2Q�WKH�FRQWUDU\��)LOWHN�/6�
showed higher mean SBS values with dentin rather 
WKDQ� HQDPHO� EXW� DOVR� QRW� VLJQLÀFDQWO\� GLIIHUHQW��
7KHUH� ZDV� QR� VWDWLVWLFDOO\� VLJQLÀFDQW� GLIIHUHQFH�
between mean SBS values of the two substrates and 
the two storage times.(table1)

®6366��,QF���&KLFDJR��,/��86$�

TABLE (1): &RPSDULVRQ�EHWZHHQ�GLIIHUHQW�YDULDEOHV

Mean SD ����&, P-value

Material
Z250 16.9 2.1 16.2 – 17.6

<0.001*
LS 11.1 2.4 10.4 – 11.8

Substrate
Enamel 13.9 4.9 13.1 – 14.6

0.472
Dentin 14.2 2 13.5 – 14.9

Storage time
1 day 14.1 3.7 13.4 – 14.9

0.644
1 month 13.9 3.6 13.2 – 14.6


��6LJQLÀFDQW�DW�3�������
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DISCUSSION

The ring-opening polymerization of silorane 
composite occurs with the initiation process of 
cationic intermediates, which proceed to interact 
ZLWK�RWKHU�R[LUDQH�PRQRPHUV�E\�RSHQLQJ�WKH�R[LUDQH�
ring to further chain propagation. Subsequently, this 
H[SDQVLRQ�RI�ULQJ�RSHQLQJSURSDJDWLRQ�EDODQFHV�WKH�
conversion of intermolecular distances where the 
GLVFUHWH�VSHFLHV��ZKLFK�SUHYLRXVO\�H[LVW�DW� WKH�YDQ�
der Waal’s force distances, become linked through 
shorter covalent bonds.This mechanism implies 
a slight reduction of the initial distance between 
monomers, which results in a volumetric shrinkage 
of less than 1%. 17,21 Low-shrinking composites 
were developed to relieve stress being imposed 
immediately on the vulnerable bond to dentine 
(tooth), thereby aiming to prolong the clinical 
lifetime of tooth restorations in composite. Hence, 
we investigated if such a stress-relieving effect 
could have resulted in a less harmed interface and 
thus higher remaining bond strength.

&RPSDULQJ� WKH� ERQGLQJ� HIIHFWLYHQHVV� RI�
Filtek-LS to that of Filtek-Z250 in this study, the 
VLJQLÀFDQWO\�KLJKHVW�6%6�YDOXHV�ZHUH�UHFRUGHG�IRU�
Z250 by which the above Hypothesis should be 
rejected. This was in agreement with Van Ende et al, 
who found that microtensile-bond strength values of 

FRQYHQWLRQDO�FRPSRVLWH�WR�GHQWLQ�ZHUH�VLJQLÀFDQWO\�
higher than those for Silorane composite. They 
H[SODLQHG� WKLV� DV� GXH� WR� WKH� VWLIIHU� FRQVLVWHQF\� RI�
low-shrinking composites, air bubbles were more 
frequently enclosed.The pores self-evidently 
provide a free surface, where the composite can 
shrink and thus can relieve shrinkage stress, yet may 
provide structural discontinuities affecting bond 
strength.1

Guiraldo et alfound that there was a 
greaterdegree of subsurface polymerization of 
the methacrylatebased composites in comparison 
to Silorane composites and concluded that 
subsurfacepolymerization has been shown to have 
a relation to thebond strengths.24Furthermore, 
FRPSRVLWLRQ� RI� 5%&V� LV� DOVR� FUXFLDO� LQ� DVVHVVLQJ�
WKH�ERQGVWUHQJWKV��)LOWHN�/6�KDV�ORZHU�ÀOOHU�FRQWHQW�
when compared to Filtek-Z250 and as bond strength 
LQFUHDVHG�ZLWK�LQFUHDVLQJ�ÀOOHU�FRQWHQW��WKLV�PD\�LQ�
part be responsible for higher bond strength values 
for methacrylate-based composite resin.8

In vitro shear bond strengths are useful and 
essential forpredicting the performance of new 
composite materials and adhesive systems 
incomparison to conventional bonding systems. 
The main objective of the bond strength tests is 
todetermine bonding of an adhesive system to 
dentalhard tissues. In the present study, etch-and-rinse 
(Single Bond) for Filtek-Z250 and Siloraneself-etch 
bonding systems (SSA) for Filtek-LS were usedas 
bonding systems for shear bond strength testing as 
)LOWHN�=���� JDYH� DVLJQLÀFDQWO\� KLJKHU� YDOXHV� RI�
shear bond strength comparedto Filtek-LS, which is 
in accordance withprevious literature.2,5,26 Erickson 
et al compared three self-etchadhesive systems and 
eleven etch-and-rinse systemsby measuring shear 
bond strength and concluded thatalthough chemical 
bonding may be present for some self-etchsystems, 
it does not compete with the bond producedby 
HWFK�DQG�ULQVH� V\VWHPV�7KH\� H[SODLQHG� WKLV� DV�
self-etching priming systems combine etching 

1 day                         1 month
Fig. (2): Means shear bond strength of the two composite 

materials
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and primingsteps, where the primer is air dried 
which results in calciumand phosphate ions being 
solubilized from apatite crystals and suspended in 
alcohol and water solvents inthe primer. When these 
volatile solvents are evaporated,the concentration 
RI�FDOFLXP�DQG�SKRVSKDWH�PD\�H[FHHGWKH�VROXELOLW\�
product constants for calcium phosphate,resulting in 
its precipitation within the primer. This limitsability 
of adhesives to penetrate the primed surface,leading 
to lower bond strength values.25

Silorane self etch (SSA)requires separate 
OLJKW�FXULQJ�RI� WKH�ÀUVWO\� DSSOLHG�66$�3ULPHU� DQG�
the secondly applied SSA-Bond, according to 
manufacturer’s instructions, consequently differs 
from typical two-step self-etch adhesives, of which 
the successive application of a primer and adhesive 
UHVLQ� LV� ÀQDOL]HG� E\� RQO\� RQH� OLJKW�FXULQJ� VWHS��
Therefore, SSA’s bond to tooth enamel/dentin was 
HVWDEOLVKHG� LQ� WKH� ÀUVW� DSSOLFDWLRQ� VWHS�� VLPLODUO\�
as achieved by one-step self-etch adhesives. 
&RQVLGHULQJ� LWV� LQWHUDFWLRQ� ZLWK� HQDPHO�GHQWLQ� LV�
limited to a few hundreds of nanometers, the bonding 
mechanism involves a form of ‘nanointeraction’, 
like it was disclosed before for so-called ‘ultra-
mild’ self- etch adhesives. This shallow interaction 
should beattributed to the relatively high pH of 
SSA-Primer, whichis 2.7 and consequently the low 
SBS values.2,5,14

For dentin samples preparation, the dental sam-
ples were carefully prepared to ensure only the outer 
GHQWLQ�ZDV�H[SRVHG�IRU�ERQGLQJ��%RQGLQJ�WR�GHHSHU�
dentin is complicated by its more heterogeneous 
VWUXFWXUH��YDULDEOH�WXEXODU�GHQVLW\�DQG�WXEXODU�ÁXLG�
ÁRZ��7KHUHIRUH�� ERQGLQJ� WR� LQQHU� GHQWLQ�PD\� DGG�
more variables that could interfere with the ability 
to evaluate the bond strength.27

7KHUH� ZDV� QR� VLJQLÀFDQW� GLIIHUHQFH� LQ� 6%6�
values between enamel and dentin in the present 
study, this may be due to the fact that the SBS 
values with Filtek-Z250 for enamel was higher than 
IRU�GHQWLQ�DOWKRXJK�QRW�VLJQLÀFDQWO\�GLIIHUHQW�ZKLOH�
for Filtek-LS, the SBS values were higher for dentin 

UDWKHU�WKDQ�IRU�HQDPHO�EXW�DOVR�ZLWK�QR�VLJQLÀFDQW�
difference. 

From the results of this study, there was no 
VLJQLÀFDQW� GLIIHUHQFH� IRU� WKH� HIIHFW� RI� WKH� VWRUDJH�
times (1 day Vs 1 month), this may be due to the fact 
that one month is not enough time to determine the 
durability of the attained bond strength and further 
studies should be made with long-term bond testing. 

CONCLUSION

It is safe to assume, within the limitations of this 
in-vitro study, that:

1) Filtek-Z250 bonds better to enamel and dentin 
rather than Filtek-LS.

2) The low shrinkage effect of Filtek-LS doesn’t 
improve its shear bond strength to enamel and/
or dentin.

3) Neither tooth substrate nor storage time up to 
one month has an effect on shear bond strength 
measurements.

&OLQLFDO� UHOHYDQFH�� )XUKWHUVKHDU� ERQG� VWUHQJWK�
studies should be carried out with increased storage 
times.
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