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Introduction
The ongoing search for a biologically 
acceptable material that not only has 
physico-mechanical properties similar to 
those of natural tooth tissues, but is 
economical,substituting presumed 
toxicity of amalgam has dramatically 
increased.[1],[2] The expanding use of 
composite resin, particularly in relation 
to posterior restorations, is being limited 
despite constant improvements, presence 
of shrinkage from 2.6-7.1% during 
polymerization can cause post operative 
sensitivity due to rupture of adhesion 
between restoration and cavity wall. [3]
Several dentin bonding agents are being 
marketed, yet there are doubts 
concerning the longevity of the union 
because of hydrolysis of the resin leading 
to marginal leakage and secondary 
caries.[4] These contraction stresses are 
relieved by using materials with higher 
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Abstract
Aims: The purpose of this study was to evaluate and compare the shear bond strength at the 
glass ionomer and composite resin interface of this new technique with that of the gold standard 
sandwich technique using conventional and resin modified glass ionomer cement.
Methods and Material: Fifty two standardized cylindrical bonded specimens were prepared with 
two-part demountable Teflon mould. Based on composite resin (Z100) bonded to conventional 
glass ionomer cement (Fuji IX) and resin-modified glass ionomer cement (Vitremer), they were 
randomly assigned to two groups as Fuji IX+Z100 and Vitremer+Z100, which were further 
divided into two subgroups as Set and Etched and Unset and Non-etched. All bonded specimens 
were stored in distilled water for 24 hours at 370 C before shear bond strength testing. After 
debonding, the fracture site was carefully evaluated with Stereomicroscope for failure mode 
analysis.
Statistical analysis used: Independent ‘t’ test,One way ANOVA,Two way ANOVA
Results: The Unset and Non-etched subgroup of Fuji IX+Z100 group, had higher mean shear 
bond strength values (7.37±1.01MPa) followed by Set and Etched subgroup (4.60±0.62 
MPa).Higher mean shear bond strength values were observed in Set and Etched subgroup 
(15.10±1.32 MPa) followed by Unset and Non-etched subgroups (12.20±1.22 MPa) in 
Vitremer+Z100 group. One way and Two way ANOVA revealed significant difference in mean 
bond strength among subgroups. The fracture modes of both groups showed cohesive and 
mixed type. Adhesive failures were observed maximum (23%) in the Set and Etched subgroup of 
Fuji IX +Z100 group.
Conclusions: The bond strength values obtained in this present study concludes that resin 
modified glass ionomer cement (Vitremer) offered better bond strength than conventional glass 
ionomer cements (Fuji IX).
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degree of elastic deformation during 
early stages of setting and hence glass 
i o n o m e r  c e m e n t s  h a v e  b e e n  
recommended as base material.[5],[6]
In sandwich or double laminate 
technique the glass ionomer cement is 
used as an “underlay” to bonded resin 
composite which makes use of adhesive 
properties and biocompatibility of the 
glass ionomer cement and the desirable 
surface and esthetic appearance of the 
compos i t e  r e s in . [7 ] , [8 ] , [9 ]Th is  
technique is based on principle of 
‘Biomimesis’ allowing the monolithic 
reconstruction of a tooth which is most 
valuable in conservative dentistry, 
minimizing some clinical problems 
related to microleakage and secondary 
c a r i e s . [ 1 0 ] , [ 11 ] A n  i m p o r t a n t  
advancement  in  g lass  ionomer  
technology that has influenced dentistry 
is the introduction of resin-modified 

glass ionomer systems which seemed to 
overcome most of disadvantages of 
traditional glass ionomer which might be 
material  of choice in laminate 
restorations due to their higher 
mechanical strength and less technique 
sensitive.[12],[13]
In original sandwich technique, after 
insertion of glass ionomer cement in the 
cavity, it is necessary to wait until the 
chemical cure or photoactivation of the 
material, and then can the acid etching 
,rinsing, and drying be done followed by 
the application of the bonding agent and 
insertion of composite resin. The 
technique is too complex and long for 
children.[14],[15]
Dr G. Knight introduced the concept of 
co-curing when he accidentally cured 
specimens of light-activated glass 
ionomer and composite resin located 
together .This new technique eliminates 
the number of clinical steps as involved 
for Gold standard sandwich technique 
thus reducing technique sensitivity and 
increasing the efficacy of placement 
procedure.[16]
However, the usefulness of bonding is 
clear and the current concerns are 
centered around what materials, or 
combination of materials, best serves the 
needs  of  par t icular  res tora t ive  
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ionomer cement followed by adhesive 
applied using the applicator tip on the 
primed surface and light cured for 10 
seconds prior to placement of composite 
resin with similar subsequent steps 
involved as above.
The bonding procedure for Set and 
E t c h e d  s u b g r o u p  s a m p l e s  o f  
Vitremer+Z100 group as the mixed glass 
ionomer cement was placed into the first 
Teflon mould with cavity of 6mm´4mm 
with same spatula, properly condensed; 
surface covered was covered with glass 
slide, light-activated by placing the wand 
of curing lamp directly applied against 
the glass for 40 seconds. The glass slide 
was carefully removed, the exposed glass 
ionomer surface was acid etched with 
etchant for 15 seconds,washed,dried,then 
primer was applied on the etched surface 
,dried gently for 5 seconds. Subsequently 
using the applicator tip, Scotchbond 
Multipurpose adhesive was applied on 
the primed surface and light cured for 10 
seconds. The second demountable Teflon 
mould with a cylindrical cavity of 
4mm´4mm was centered on the first 
mould by slipping through the bolts, 
Composite resin was added on top of the 
specimen, in two increments, thickness 
no greater than 2mm to ensure total light 
polymerization. Each increment 
compressed firmly, photo cured for 40 
seconds each with TransluxÒlight, from 
two diametrically opposite directions.
The samples preparation for Unset and 
Non-etched subgroup of Vitremer+Z100 
group in that the mixed glass ionomer 
cement was placed into the first mould, 
condensed, but Vitremer cement was not 
photo-activated and no etching 
performed,  primer was applied 
immediately with applicator tip, dried 
gently for 5 seconds followed by 
application of adhesive on the primed 
surface and light cured for 10 seconds. 
Afterward, composite resin was added on 
top of the specimen in two increments, 
photo cured for 40 second each, from two 
diametrically opposite directions as 
followed for above subgroup. The 
specimens were allowed to set for 30 
minutes, and then the parts of jig were 
detached to remove bonded specimens. 

All bonded specimens were stored in 
distilled water for 24 hours at 370 C 
before shear bond strength testing. The 
glass ionomer component of the 
specimen was engaged into a specially 
designed guiding device with the 
composite resin side protruding from test 
assembly. The cutting edge (4mm) of the 
knife edge shearing chisel was then 
engaged at the glass ionomer –composite 
r e s i n  i n t e r f a c e ,  f o r c e  a p p l i e d  
perpendicular to the long axis of 
specimen . The equipment was operated 
at cross head speed of 0.5mm/min and 
maximum load to debond the specimen 
was recorded in Newton (N).Shear bond 
strength was calculated in Mega Pascals 
(MPa) by the ratio of maximum load in 
Newton to the cross-sectional area of the 
bonded  in te r face  in  mm.Af te r  
debonding, the fracture site was carefully 
evaluated with Stereomicroscope-
LEICA WILD M3Z at 40´magnification 
and were categorized as follows: 
Adhesion (A): Failure at the glass 
ionomer - composite resin interface, 
Cohesion(C): Complete failure within 
glass ionomer cement or composite resin, 
Mixed (M): Combination of Adhesion-
cohesive failure.

Results
In FujiIX+Z100,the bond strength of 
Unset and Non-etched subgroup had 
higher value than the Set and Etched 
subgroup whereas in Vitremer+Z100 
group the Set and Etched subgroup had 
mean values significantly higher than 
Unset and Non-etched subgroup with 
significant ‘t’ value (P<0.001)[Table 
1].Intergroup comparison, the mean bond 
strength values were higher for Set and 
E t c h e d  s u b g r o u p s  
ofVitremer+Z100group than compared 
to Set and Etched subgroups of Fuji 
IX+Z100group [Table 2]. Both One-way 
ANOVA and Two-way ANOVA revealed 
a significant difference in the mean shear 
strength values of different groups (P < 
0.001) [Table 3,4]. The debonded 
specimens were examined using 
Stereomicroscope at 40x magnification 
revealed the failure types as shown 
[Table 5].

problem.[17]Hence, this present study 
was conducted in vitro to evaluate and 
compare the shear bond strength at the 
glass ionomer and composite resin 
interface of this new technique with that 
of the gold standard sandwich technique 
using conventional and resin modified 
glass ionomer cement.

Subjects And Methods
The feasibility of bonding composite 
resin (Z100) to conventional glass 
ionomer (Fuji IX GP) and resin modified 
glass ionomer (VitremerTM) was 
evaluated by preparing fifty two 
specimens with two-part demountable 
Teflon mould .They were assigned into 
two groups of twenty six each as Fuji 
IX+Z100 and Vitremer +Z100 which 
were further subdivided into two 
subgroups as Set and Etched and Unset 
and Non-etched each consisting of 
thirteen samples.
In the Set and Etched subgroup of Fuji 
IX+Z100, the glass ionomer mix was 
placed in the 6mm´4mm cylindrical 
cavity drilled in the first Teflon mould, 
properly condensed, which was covered 
with glass microscope slide and static 
load of 500gms applied during its initial 
set of 7 minutes. The glass slide was 
carefully removed ensuring smooth glass 
ionomer surface was not pitted.
The exposed glass ionomer surface was 
acid etched with Scotchbond etchant (3M 
Products) for 15 seconds, washed, dried, 
followed by placement of Scotchbond 
Multipurpose primer then dried gently 
for 5 seconds. Scotchbond Multipurpose 
adhesive was applied on the primed 
surface using the applicator tip and light 
cured for 10 seconds. The second 
demountable Teflon mould with a cavity 
4mm´4mm was centered on the first mold 
by slipping through the bolts, secured 
with help of tightening nuts to stabilize 
the specimens during its setting phase 
with screw tightened nuts to maintain 
assembly intact. Composite resin was 
added on top of the specimen, in two 
increments, thickness no greater than 
2mm to ensure total light polymerization. 
Each increment compressed firmly, 
photo cured with TransluxÒlight held 
1.0mm away from the resin surface for 40 
seconds each, from two diametrically 
opposite directions.
The samples of Unset and Non-etched 
subgroup were prepared as similar to 
above subgroup but for the immediate 
application of Scotchbond Multipurpose 
primer on the unset and non-etched glass 

Table 1. Shear Bond Strength in Megapascals (Mpa)

Group (Cement+Z100)

Fuji IX +Z100

Vitremer +Z100

Subgroups

Set and Etched

Unset and Non-etched

Set and Etched

Unset and Non-etched

N

13

13

13

13

Mean ± S.D* MPa

4.60±0.62

7.37±1.01

15.10±1.32

12.20±1.22

Mean difference

2.78

2.89

‘t’ value

8.46

5.81

df

24

24

P Value

<0.001

<0.001

N – Number of samples;*Standard Deviation; df – degrees of freedom; P- Probability
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wait for the setting of material or etch the 
ionomer surface, which appeared to 
enhance physical properties of the 
resulting restoration. Reduction in the 
number of operative steps, without a 
consequent decrease in the acceptability 
of clinical outcome, would help reduce 
the time of a dental appointment for the 
patient and the dentist.[14],[15],[16] 
Hence, this present study was conducted 
in vitro to evaluate and compare the shear 
bond strength at the glass ionomer and 
composite resin interface of this new 
technique, with that of the gold standard 
sandwich technique using conventional 
and resin modified glass ionomer 
cements.
Keeping in view various factors affecting 
the union of glass ionomer cement and 
composite resin like acid etching and 
etching times, cement strength, rate of 
set, effect of cement thickness, viscosity 
and wettability of bonding resin, 
materials with superior mechanical 
properties had been used .[19]
Fifty two cylindrical bonded specimens 
of each 10mmx4mm were prepared using 
a two-part demountable Teflon mould 
with aligning jig to confine the cement 
and resin. This 6mm´4mm specification 
for glass ionomer cement was in 
a c c o r d a n c e  t o  n e w  I S O  D I S  
9917.[20],[21]
For Set and Etched subgroup, glass 
ionomer cement was allowed to initial set 
for 7 minutes, against glass microscopic 
slide to produce a smooth surface and 
static load was applied to compact the 
mass and reduce porosity.[22],[23]In 
Unset and Non-etched subgroup, the time 
lapse between the end of the mix and 
application of the bonding agent was 
maintained constant with the stopwatch, 
so that the bonding agent penetrates into 
the surface irregularities and hardens at 
the initial stages of setting of glass 
ionomer mass, resulting in mechanical 
attachment for better bond strength.[24]
In Fuji IX+Z100 group,the mean bond 
strength value of the Unset and Non-
etched subgroup was significantly higher 
than Set and Etched subgroup mostly due 
to fact that low pH bonding agents etch 
the glass ionomer cement surface, and the 

matrix of glass ionomer mass dissolves, 
resulting in a rough and porous surface. 
The bonding agent penetrates into the 
surface irregularities and hardens 
resulting in mechanical attachment.The 
free phosphate phases may increase the 
polarity of the ionomer, while the 
monomer-bonded phosphate phases may 
bond primarily or secondarily to the glass 
substrate which preserves the external 
core of the ionomer at the critical stress-
bearing interface.[23],[25]
In Vitremer +Z100 group,the Set and 
Etched subgroup had higher values than 
Unset and Non-etched subgroup 
probably the increased availability of 
unsaturated double bonds, in the air 
inhibited layer of resin-modified glass 
ionomer cements, may assist in chemical 
bonding to resin bonding agent and resin 
c o m p o s i t e .  U n p o l y m e r i z e d  
hydroxyethyl methacrylate, Unsaturated 
methacrylate pendants and modified 
polyacrylic acids on the surfaces 
increases the surface wetting capability 
of bonding agent and could increase bond 
strength when polymerized.[26]
The bond strength values of Unset and 
Non-etched subgroup were less than Set 
and Etched subgroup of Vitremer+Z100 
group attributed to the omission of light 
activation shortly after the powder and 
liquid components are mixed, the 
mobility of polyalkeonate chains 
gradually decreased as they become more 
ionically cross-linked.[27] From the 
mean values it is clear that bond strength 
of Unset and Non-etched subgroup of 
Vitremer+Z100 group was higher than 
Unset and Non-etched subgroup of Fuji 
IX+Z100 group may due to fact that the 
resin modified glass ionomer bonded 
strongly to dental composite due to its 
similarity in chemistry providing a 
potential for chemical bonding between 
the materials.[28]
Majority of failure pattern in Set and 
Etched subgroup of Fuji IX+Z100 group 
are cohesive attributing the fact that acid 
etching of glass ionomer forms a 
weakened zone whichcan be partially 
r e i n f o r c e d  w i t h  t h e  b o n d i n g  
agent.[29]Set and Etched subgroup of 
Vitremer+Z100 group have also failed 
cohesively where all exhibited composite 
resin tags located at the center of the glass 
ionomer surfaces, thus indicating that the 
cohesive strength of resin modified 
cements is greatly increased compared 
with that of conventional cements.[26]
The fracture strength of brittle materials 
is strongly influenced by surface 

Discussion
The adhesion between glass-ionomer and 
the composite resin restricts the free 
surface area of shrinking composite, 
yielding higher polymerization stresses, 
which compete with the shrinkage 
vectors directed towards the light source. 
Because the adhesion between the etched 
glass-ionomer cement and the composite 
resin is stronger than the adhesion 
between the glass-ionomer cement and 
dentin, polymerization shrinkage of 
composite resin will “pull away” the 
glass ionomer cement from dentinal 
walls .[18]
The concept of co-curing is a new 
alternative for the union between glass 
ionomer and composite resin. In this, 
after insertion of glass ionomer cement 
into the cavity, the bonding agent is 
immediately applied and light cured prior 
to placement of resin where no need to 

Table 2: Intergroup comparison of shear bond strength using independent samples‘t’ test

Group (Cement+Z100)

Fuji IX+Z100

Vitremer+Z100

Fuji IX +Z100

Vitremer+Z100

Subgroups

Set and Etched

Set and Etched

Unset and Non-etched

Unset and Non-etched

N

13

13

13

13

Mean ± S.D MPa

4.60±0.62

15.10±1.32

7.37±1.01

12.20±1.22

Mean difference

10.50

4.83

‘t’ value

26.02

10.99

df

24

24

P value

<0.001

<0.001

N – Number of samples;*Standard Deviation; df – degrees of freedom; P- Probability

Table 3: Results of One-way ANOVA

Source of variation

Between groups

Within groups

Total

Sum of squares

868.21

55.54

923.76

Df

3

48

51

Mean square

289.40

1.16

F

250.10

Sig.(P)

<0.001

df – degrees of freedom; F- Fisher’s value; P- Probability

Table 4: Results of Two-way ANOVA

Source Of Variation

Between groups

Within groups

Error

Total

Sum of squares

11.67

866.46

43.29

921.41

df

12

3

36

51

Mean Square

0.97

288.82

1.20

F

0.81

240.20

Sig.(P)

0.64

<0.001

df – degrees of freedom; F- Fisher’s value; P- Probability

Table 5: Percentage Distribution Of Failure Mode Of Fracture 
Sites In All Subgroups

Group (Cement+Z100)

Fuji IX +Z100

Vitremer +Z100

Subgroups

Set and  Etched

Percentage %

Unset and Non-etched

Percentage %

Total

Percentage %

Set and  Etched

Percentage %

Unset and Non-etched

Percentage %

Total

Percentage %

Adhesive

3

23%

2

15%

5

19%

1

8%

2

15%

3

12%

Cohesive

9

69%

7

54%

16

62%

4

31%

6

46%

10

38%

Mixed

1

8%

4

31%

5

19%

8

61%

5

38%

13

50%

Total

13

100%

13

100%

26

100%

13

100%

13

100%

26

100%
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imperfections, which acts as stress 
concentrators. The nature of those 
surface defects is strongly influenced by 
the pretreatment. The unfilled resin may 
help offset the effect of the etch-induced 
surface flaws by wetting the glass-
ionomer cement and filling asperities, 
minimizing their potential as crack 
nucleators. [29]
The properties of the tooth in concert 
with the restorative materials; under 
functional load determine the necessary 
level of bond strength. The conclusion of 
this in vitro investigation must be 
extrapolated to the in clinical situation 
with care, and further trials with these 
materials and surface treatments to 
c o n f i r m  v a l i d i t y  o f  t h e s e  
recommendations.
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