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ABSTRACT

Objectives:  This study was conducted to examine the effect of conditioning protocols on shear 
bond strength of viscous glass-ionomer cement (GIC) Versus resin-modified glass-ionomer cement 
(RMGIC) to dentin. 

Materials and methods: Forty caries free permanent molars were used. They were sectioned 
mesiodistally into two halves to obtain 80 specimens that were divided into eight groups (n=10) 
according to the conditioning protocol. In Group 1 and 2: Dentin was preconditioned with 10% 
polyacrylic acid either for 10 or 20 seconds and bonded to viscous glass ionomer (Fuji IX GP 
Extra) using a specially constructed mold (2 mm diameter X 3mm height). In Group 3 and 4: 
Preconditioning was followed as in group 1 and 2 but RMGI (Fuji II LC) was used. However, in 
group 5 and 6, dentin was preconditioned with 37% phosphoric acid either for 10 or 20 seconds 
followed by packing of viscous GI. Group 7 and 8: Preconditioning was done as previous followed 
by application of RMGI. The specimens were placed in a universal testing machine (Model 3345, 
Instron Corp., Canton, Mass., USA) with a cross head speed 0.5 mm/min and subsequently tested 
for shear bond strength SBS (MPa). Statistical analysis was done by using ANOVA and independent 
t test. 

Results: SBS values revealed higher bond strength values for RMGI in comparison to viscous 
GI. Polyacrylic acid groups exhibited higher values than those of phosphoric acid. There was no 
significant difference in bond strength values of specimens conditioned by the two conditioners for 
either 10 or 20 seconds(P ≤ 0.05). 

Conclusions: RMGI experienced high SBS values to dentin. The effect of acid used for dentin 
conditioning prior to viscous and RMGI can not be overemphasized. 

KEY WORDS: viscous glass-ionomer cement, resin-modified glass-ionomer cement, 
conditioners, phosphoric acid, polyacrylic acid, shear bond strength test.  
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INTRODUCTION 

Glass-ionomer cements (GICs) were developed 
with unique properties which are the ability to 
chemically adhere to tooth structure, and release 
fluoride.1 These characteristics enable them to have 
anticariogenic potential and good biocompatibility.2 
However, they have poor mechanical properties, 
such as low fracture strength, toughness and wear 
resistance as well as bad aesthetics and long setting 
time.3 Thus, initial formulation of GICs underwent 
several modifications with the intent to improve 
handling, mechanical and physical properties. 

Enhancement of GICs occurred with the 
introduction of high powder/liquid ratio products, 
alternatively termed ‘packable’ or ‘high viscosity’ 
GICs. These products set only by a conventional 
acid base reaction and have properties that exceed 
those of the resin modified systems. Setting is rapid, 
early moisture sensitivity is considerably reduced 
as well as solubility in oral fluids is minimized. 
According to manufacturers, the relatively higher 
viscosity is the result of the addition of polyacrylic 
acid to the powder and finer grain size distribution. 
Resin-modified glass-ionomer cement (RMGIC) 
is characterized by the addition of photo-activated 
methacrylate, and a small amount of resin, such as 
2-HEMA or Bis-GMA, to the glass ionomer cement 
(GIC).4,5 This modification provided controlled 
working time, less sensitivity to moisture, higher 
fracture and fatigue resistance, lower solubility and 
better aesthetics than viscous GICs.6

Bonding mechanism of RMGICs to dentin 
differs from that of viscous GICs due to the presence 
of resin components. It has two mechanisms which 
are achieved firstly by chemical adhesion with a 
hydroxyappatite-coated collagen and secondly 
through shallow hybridization of resin components 
into the created microporosities. Achieving 
intimate contact between the unset cement and the 
cavity walls is very crucial in obtaining high bond 
strength values. This intimacy can be provided 
by partial removal of smear layer using cavity 

conditioner. Polyacrylic acid is the most commonly 
used conditioner for viscous GICs because it is 
capable of cleansing the dentin surface without 
completely unplugging the dentinal tubules. It 
partially demineralizes the surface and creates 
microporosities which increases the surface area and 
promotes a chemical interaction of the polyalkenoic 
acid with residual hydroxyapatite. 7

Phosphoric acid, also, could be used as a pre-
treatment. It demineralizes the superficial dentin 
in variable thicknesses (depending on the time of 
application). This acid removes the hydroxyapatite, 
and consequently, prevents the formation of ion ex-
change layer. However, it is indicated to be used pri-
or to RMGI application due to its resin component. 
The use of phosphoric acid with GICs/RMGICs has 
not been adequately explored.8

Shear bond strength assumes much importance 
for restorative materials clinically, because of the 
fact that the major dislodging forces at the tooth 
restoration interface have a shearing effect, hence 
high shear bond strength of a restorative material 
implies better bonding of that material to the tooth.9 
The purpose of this in vitro study was to evaluate 
the effect of different pretreatment protocols; Poly-
acrylic acid and phosphoric acid with different time 
of application on the shear bond strength of highly 
viscous GICs versus RMGIC to dentin. The null hy-
pothesis tested was that the different pretreatment 
protocols did not affect the shear bond strength of 
GIC or RMGIC to dentin.

MATERIALS AND METHODS

A total of forty caries free human permanent 
molars were collected, thoroughly cleaned of soft 
tissue debris, calculus and stored in distilled water. 
Their radicular portion was removed one mm. be-
low the CEJ, then, the coronal portion was sectioned 
mesiodistally into two halves using carborundum 
disc  (Pico, Germany) under sufficient amount of 
water coolant. Each half was embedded in self-cure 
acrylic resin with the help of aluminum mold(3 cm 
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in diameter). The surfaces were ground flat with 
a trimming machine (Handler, Model 32E, West-
field, USA) until superficial dentinal surface was 
exposed. Specimens were divided into eight groups 
(n=10) according to the predetermined dentin con-
ditioning. (Materials, compositions and manufac-
turers are summarized in Table 1). 

Group 1 and 2: Dentin was preconditioned with 
10% polyacrylic acid either for 10 or 20 seconds, 
thoroughly rinsed for 10 seconds and gently air 
dried using oil free compressed air. Viscous glass 
ionomer (Fuji IX GP Extra) was activated and in-
jected after mixing for 10 seconds into a specially 
constructed cylindrical teflon mold (2 mm diameter 
X 3mm height), fast set in 10seconds.

Group 3 and 4: the conditioning protocol for 
group 1 and 2 was followed, then, RMGI (Fuji II 
LC) was activated and injected after mixing for 10 
seconds into the mold and light cured immediate-
ly for 20seconds using Bluephase C5 (Ivoclar Vi-
vadent AG, Schaan, Liechtenstein).

Group 5 and 6: Dentin was preconditioned 
with 37% phosphoric acid either for 10second or 
20 seconds. Then, rinsed for 20 seconds and gently 
air dried. Viscous glass ionomer (Fuji IX GP Extra) 
was packed.

Group 7 and 8: Preconditioned as in group 5 
and 6. RMGI (Fuji II LC) was packed to dentin. 
All specimens were stored in distilled water for 24 
hours before testing.

Shear bond strength testing

Specimens were mounted and secured with the 
tightening screws to the lower fixed compartment 
in the Instron universal testing machine (Model 
3345; England) with a load cell of 5000 N. A chis-
el end was positioned as close as possible on the 
glass ionomer/dentin interface. The test was run at 
a crosshead speed of 0.5 mm/min until failure. Data 
were recorded using computer software Blue Hill 3 
Instron version 3.3. The maximum load necessary 
to debond was recorded in Newton (N) and calcu-
lated in MPa as a ratio of Newton to surface area of 
the cylinder.

Statistical analysis

Data were presented as mean and standard devi-
ation (SD) values. They were explored for normal-
ity using Kolmogorov-Smirnov and Shapiro-Wilk 
tests. Shear bond strength values (MPa) showed 
normal distribution. Three way analysis of variance 
ANOVA followed by Independent t-test were used 
to compare between the different tested restorative 

TABLE (1) Materials used in this study, their composition and manufacturers:

Materials Material Composition Manufacturers
 Viscous GI
(Fuji IX GP Extra)

Fluoro-alumino silicate glass. Polyacrylic acid, polybasic 
carboxylic acid and distilled water

GC corp, Tokyo, Japan.

RMGI 
(Fuji II LC)

Powder: Fluoro-alumino silicate glass.
Liquid: Polyacrylic acid(20%-25%);
2-hydroxyl ethyl methacylate.
30-35%; proprietary ingredient
(5-15%) 2,2,4trimethyl hexa Methylene dicarbonate.
(1-5%) powder/liquid:0/33g,0/085ml

GC corp, Tokyo, Japan.

Cavity Conditioner 20% polyacrylic acid, 3% Aluminum chloride ALCl3 and 
distilled water.

GC corp, Tokyo Japan.

Scotchbond universal etchant
50-56 wt %water, 30-40 wt% phosphoric acid, synthetic 
amorohous silica, 1-5 wt%polyethylene glycol, 1-2 wt% 
Aluminum oxide

3MESPE, dental company, 
USA.
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materials, pretreatment materials and time. The sig-
nificance level was set at P ≤ 0.05. Statistical analy-
sis was performed with IBM® SPSS® (SPSS Inc., 
IBM Corporation, NY, USA) Statistics Version 22 
for Windows.

RESULTS

Data reveal that the viscous GI (Fuji IX GP  
Extra) showed a lower significant value (3.21±0.41 
MPa), (3.93±0.95 MPa) compared to RMGI (Fuji II 
LC) (5.94±0.66 MPa), (6.69±1.2 MPa)  at p≤0.001 
and p=0.004 when Polyacrylic acid was applied 
for 10 and 20 seconds, respectively. There was no 
significant difference between Fuji IX GP Extra 
(2.22±0.99 MPa) and Fuji II LC (2.44±0.93 MPa) at 
p=0.717 when phosphoric acid was applied for 10 
seconds. Twenty seconds application of phosphoric 
acid prior to Fuji IX GP Extra showed a lower 
significant values (1.62±0.47 MPa) compared to 
Fuji II LC (3.03±0.39 MPa) at p=0.001, table 2 and  
figure 1.

TABLE (2) Mean, Standard deviation (SD) and 
level of significance for Shear bond 
strength values (MPa) for both restorative 
materials.

Restorative material

P-valueFuji IX Fuji II LC

Mean SD Mean SD

Po
lya

cry
lic

 
ac

id)

10 Sec. 3.21 0.41 5.94 0.66 ≤0.001*

20 Sec. 3.93 0.95 6.69 1.20 0.004*

Ph
os

ph
or

ic
 

ac
id

10 Sec. 2.22 0.99 2.44 0.93
0.717 
NS

20 Sec. 1.62 0.47 3.03 0.39 0.001*

*= Significant, NS=Non-Significant

Conditioning agents data reveal that there was 
no significant difference between Polyacrylic acid 
(3.21±0.41 MPa) and Phosphoric acid (2.22±0.99 
MPa)  at p=0.071 with Fuji IX GP Extra for 10 sec-
onds. While, the significant difference existed with 
20 seconds application time and the SBS values 
were (3.39±0.95 MPa) and (1.62±0.47 MPa) re-
spectively at p=0.001. A significant difference was 
evident between the conditioning agents with the 
RMGI. Polyacrylic acid reveals higher significant 
values (5.94±0.41 MPa) and  (6.69±1.2 MPa) com-
pared with phosphoric acid (2.44±0.93 MPa) and  
(3.03±0.39 MPa) for 10 and 20 seconds, respective-
ly at p≤0.001, table 3 and figure 2. 

TABLE (3) Mean, Standard deviation (SD) and level 
of significance for Shear bond strength 
values (MPa) for both conditioning agents.

Conditioning agents

p-value
Polyacrylic 

acid
phosphoric 

acid

Mean SD Mean SD

Fuji 
IX

10 Sec. 3.21 0.41 2.22 0.99 0.071 NS

20 Sec. 3.93 0.95 1.62 0.47 0.001*

Fuji II 
LC

10 Sec. 5.94 0.66 2.44 0.93 ≤0.001*

20 Sec. 6.69 1.20 3.03 0.39 ≤0.001*

*= Significant, NS=Non-Significant

Fig. (1) Histogram showing the mean Shear bond strength 
(MPa) for Restorative material.
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SBS values reveal non-significant differences 
between 10 and 20 seconds time of application for 
Polyacrylic acid and phosphoric acid prior to either 
Fuji IX GP Extra or Fuji II LC at p=0.230, 0.261, 
0.257 and 0.161, respectively,as shown in Table 4 
and figure 3.

TABLE (4) Mean and Standard deviation (SD) 
and level of significance for shear bond 
strength values (MPa) for both time of 
application.

Time

p-value10 Sec. 20 Sec.

Mean SD Mean SD

Fu
ji 

IX

Polyacrylic 
acid

3.21 0.41 3.93 0.95
0.230 
NS

phosphoric 
acid

2.22 0.99 1.62 0.47
0.261 
NS

Fu
ji 

II
 L

C

Polyacrylic 
acid

5.94 0.66 6.69 1.20
0.257 
NS

phosphoric 
acid

2.44 0.93 3.03 0.39
0.161 
NS

*= Significant, NS=Non-Significant

DISCUSSION

Glass ionomer is a promising material because 
of its unique biomimetic nature including chemical 
bond to the tooth structure and remineralizing 
ability. The bonding mechanism of the GICs to the 
dental hard tissues is very complex, and it differs for 
viscous GICs compared to RMGICs, 10 hence, two 
glass ionomer cements were selected in the study to 
resemble both types. 

Pretreatment of the tooth substrate with 
different dentin conditioners plays an important 
role in improving glass ionomer bond strength 
and longevity.11 Two conditioners were chosen, 
the Polyacrylic acid which is the most popular 
dentin conditioner and phosphoric acid. Poly 
acrylic acid has gained its popularity from its high 
biocompatibility and being one component of the 
GI, hence remnants from it will not affect GI setting 
reaction. It enhances dentin wettability, and controls 
hydration of dentin as it superficially demineralizes 
the smear layer. Moreover, it is capable of cleansing 
the dentin surface without completely unplugging 
the dentinal tubules. 12  The phosphoric acid was, 
also, used as it is one of the conditioners that produce 
dentin demineralization that varies according to its 
time of application,13 which justify the selection of 
two conditioning times in the study. 

Fig. (2) Histogram showing the mean Shear bond strength 
(MPa) for both conditioning agents.

Fig. (3) Histogram showing the mean Shear bond strength 
(MPa) for both time of application.
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The shear bond strength is a simple and widely 
used test to assess the bonding performance of 
restorative materials, particularly regarding the 
GICs, which present low bond strength, and other 
tests may offer great difficulty to be applicable.14 

The results of the current study approved higher 
bond strength values of RMGI in comparison to vis-
cous GIC, except when phosphoric acid was used 
for 10 seconds, there was no significant difference 
between the two types of glass ionomer.  These re-
sults could be explained as mentioned formerly, in 
the introduction. The viscous glass ionomers bond to 
tooth substrate by ion-exchange while RMGIs bond 
to tooth substrate through both ion-exchange and 
micromechanical interlock (dual mechanism of ad-
hesion), as presented before by several authors.15-17 

Moreover, the presence of light-activated resin com-
ponent hydroxyethyl methacrylate (HEMA) with its 
superior wetting ability might also affect the bond 
strength. On the other hand, the slowness of acid-
base reaction of the viscous GIC might have result-
ed in immaturity of the bond, 18 hence, the resultant 
bond strength was lower than that of RMGIC. 

The none significant effect of 10 seconds ap-
plication of phosphoric acid might be due to the 
ability of the viscous GIC to bond chemically with 
the hydroxyapatite that raised its bond strength to 
be close to that of the RMGIC. This bond strength 
was decreased after 20 seconds etching and was in-
ferior than that of the RMGIC which might be due 
to the loss of considerable amount of hydroxyapa-
tite.19 These results are in agreement with Shebl 
et al, 2015,14 and Suryakumari et al, 2012 20, who 
found that mean shear bond strengths of light-cured 
RMGIC materials are significantly higher than that 
of conventional or viscous glass ionomer materials. 

Regarding the effect of conditioning materials, 
phosphoric acid exhibited lower SBS values to 
dentin in contrast to polyacrylic acid, except when 
it was applied for 10 seconds with the viscous GIC, 
there was no significant difference between both 
conditioners. Phosphoric acid is considered an 
aggressive conditioner for dentin and it might result 

in microporosities deep to the extent that they could 
not be fully impregnated by the resin component 
of the RMGI. Moreover, it removed calcium ions 
beyond the level required for chemical bond to 
occur between the viscous GI and dentin substrate.21 
The results are in agreement with Parti et al 1992, 
who found that the use of polyacrylic acid on dentin 
increases shear strength value of GIC more than 
the use of another system for pretreatment, and 
phosphoric acid. 22 

In the contrary, Khoroushi, et al and Valente, et 
al. showed that phosphoric acid increases the SBS 
of RMGI in comparison to polyacrylic acid with 
RMGI. 23,24 The controversy could be attributed to 
the variability of substrates to be treated for each 
study. Moreover, Di Nicolo et al in 2007, used 
primer after phosphoric acid conditioning and 
found high SBS to dentin. Primer penetrated the 
created microporosities and light cured forming a 
stable well-formed hybrid layer prior to application 
of RMGI.25 

Concerning the conditioning time, there was no 
significant difference on the shear bond strength 
between dentin conditioning for either 10 or 20 
seconds by either polyacrylic acid or phosphoric 
acid. The insignificant effect of the increased time 
might be due to the limitation of the demineralizing 
effect of the conditioner by the buffer properties 
of hydroxyapatite.26,27 These results come in 
agreement with Gordan VV, Kormaz et al. and El-
Askary et al. who reported that increasing etching 
time of dentin had no significant effect on the bond 
strength of nano-filled RMGIC to dentin. 28-30  On 
the other hand, Yap et al.16 and Tay et al.19 reported 
that etching dentin with 37% phosphoric acid for 15 
seconds causes a significant loss in the bond of GIC 
to dentin. This controversy might be attributed to 
the different materials used.

Further studies investigating the GI/ dentin 
interface after using different conditioning protocols 
are recommended. The null hypothesis was partially 
rejected as the type of acid affected the SBS and its 
time of application did not.
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CONCLUSIONS

Under the conditions of the present study the  
following conclusions are evident:

1-	 RMGI experienced high bond strength to dentin.

2-	 Selection of the appropriate dentin conditioning 
prior to either viscous or RMGI is very important 
factor for obtaining high SBS.

3-	 Conditioning does not depend on the application 
time of the acid.
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