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ABSTRACT

Purpose: The aim of the study was to evaluate the effect of addition of 20% bio-
active glass nanoparticles (bioglass) to a universal adhesive on its microtensile bond 
strength to enamel etched for different times. Methods: Twenty eight enamel central 
incisor specimens were used in this study and divided into four  groups; E1, E2, E3 and 
E4. E1and E3 were bonded using unmodified universal adhesive while E2 and E4 were 
bonded using 20% bioglass modified adhesive. Groups E1 and E2 were etched with 37% 
phosphoric acid for 30 seconds while E3 and E4 were etched for 6o seconds. Adhesive 
was applied to the enamel surface using a microbrush. Adhesive was left undisturbed on 
the enamel surface for 20 seconds for group 1and 2 or 30 seconds for gp 3 and 4 before 
curing. Composite resin was built up and the specimens were subjected to microtensile 
bond strength testing. Results: Data was analyzed using T-test and one-way ANOVA. 
Results showed that bond strength values were statistically similar for both modified 
and unmodified adhesives. Thirty seconds etching time produced significantly higher 
bond strengths than sixty seconds etching for either adhesive. Conclusions: Within 
limitations of this study, it can be concluded that bioglass incorporation into the univer-
sal adhesive has no deleterious effect on bonding to enamel. Increasing the etching time 
is not recommended as it causes a loss of bond strength.

Introduction 

The concept of bonding composite resin to tooth structure has 
historically started with enamel bonding. Enamel bonding based on 
acid etching with phosphoric acid has produced reliable and consistent 
results over the years. An intact  enamel resin interface is the first line of 
defense against leakage and recurrent caries. Enamel bonding has also 
opened the gate to conservative esthetic treatments as in laminate veneers 
and ceramic orthodontic brackets. Modifications have been introduced 
to the bonding systems, especially the addition of nanofillers(1,2). Some 
of these fillers have aimed to improve the bond strength or bond 
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durability while others encourage remineralization 
of tooth structure(3). The addition of nanofillers to 
the adhesive resin however may have an effect on 
its composition and properties especially viscosity. 
Additional fillers should not hinder resin infiltration 
or affect the bond strength. How the addition of 
these nanoparticles to the adhesive affects the bond 
to the tooth must be evaluated. A balance between 
achieving a proper bond and the desire to prevent 
demineralization has to be reached for a successful 
outcome. 

 Among these fillers is bioactive glass (bioglass) 
which has been added to adhesives to enhance the 
remineralization of tooth structure adjacent to it(4,5). 
Bioglass has been used in deep caries management, 
added to tooth pastes for enamel repair, and used 
in gels for reversing effects of bleaching(6,7). The 
bioglass addition to the adhesive system can influ-
ence demineralization and remineralization cycles 
and may help in management of white spot lesions 
around orthodontic brackets that are bonded using 
adhesive systems. However, prior research investi-
gating the effect of addition of bioglass nanoparti-
cles to a universal adhesive has shown a significant 
reduction in bond strength  of a universal adhesive 
to dentin(8). This was more pronounced with addi-
tion of 20% by wt. bioglass. Self etch bonding with 
bioglass filled adhesives to dentin has also shown to 
be adversely affected. On the other hand, bonding to 
enamel has a different pattern all together than den-
tin due to the difference in microstructure and the 
bioglass filled adhesive might behave differently in 
enamel.

Acid etching with phosphoric acid has been the 
hallmark of enamel etching since being introduced 
by Bunocore in the fifties(9). The variations of con-
centration and time for application have also varied 
over time(10). It had been a fairly common practice to 
use 37% phosphoric acid for 60 seconds(11,12). With 
the introduction of dentin etching, the times have 
been reduced to 30 seconds and 15 seconds with-
out apparent loss of bond strength(13). The adhesive 
is then recommended to be given a space of 15-20 

seconds for penetration/infiltration into the micro-
pores before polymerization. However, bioglass 
nanoparticle incorporation may cause changes in 
the adhesive. Adhesive regimen may be modified to 
accommodate for the expected increase in viscosity. 
Infiltration of the adhesive into tubules depends on 
several factors including viscosity, surface tension, 
contact angle, pore radius and penetration time(14,15). 
Infiltration has been shown to increase with increas-
ing the time allowed and decreases with increased 
viscosity(16). Sixty seconds of etching has been 
shown to produce a rougher enamel surface  than 30 
seconds etching,  which might aid in increasing mi-
cro-retention and bonding (5). Extra infiltration time 
could allow for better penetration with a rougher 
enamel surface and thus a better bond. This study 
focuses on investigating the effect of a modified 
adhesive by bioglass nanofillers incorporation and 
a modified adhesive technique ( 60 sec etch time 
+ 30 sec infiltration time) on the microtensile bond 
strength to enamel. The null hypothesis tested is that 
the incorporation of 20% bioglass nano particles to 
a universal adhesive  and increasing the etching 
time has no effect on its microtensile bond strength 
to enamel.

Materials and methods

Adhesive Modification:

Bioglass nanoparticles were synthesized us-
ing the alkoxide sol-gel technique (Nanostream, 
Egypt). Silicon and phosphorus alkoxides were 
used with calcium hydroxide and sodium hydrox-
ide. Deionized water and ethanol were used as sol-
vents and the  resultant gel was aged for one week 
at 70˚C and at pH of 2. It was heat treated at a tem-
perature of up to 800˚C. Characterization of the par-
ticles was done using transition electron microscope 
to identify particle shape and size. Nano particles 
were spherical and of average size of 10 nm. Nano 
particles were then weighed in order to be added 
to the adhesive in a concentration of 20% wt./vol., 
where 0.2 gm was added to each 1 ml of adhesive.  
The adhesive (Single Bond Universal, 3M) was 
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drawn from its bottle using a wrapped plastic nee-
dle. The adhesive was then dispensed into an empty 
clean amalgam capsule together with the nano par-
ticles. The capsule was then placed in an amalgam-
ator for mixing of the nano particles and adhesive  
for thirty seconds at 4400 rpm. The capsule was 
then opened and the adhesive was withdrawn into a 
clean wrapped syringe till specimen bonding.

Bonding procedures:

A total of  28 enamel specimens were used in 
this study providing 7 specimens per group. The 
labial surface of upper central incisors were used. 
They were divided into four groups according to 
the adhesive regimen used (table 1). Groups E1 and 
E2 were assigned 30 seconds etching time and 20 
seconds adhesive infiltration time while E3 and E4  
were assigned to etching for sixty seconds and thirty 
seconds of adhesive infiltration time. Group E1 and 
E3 received unmodified adhesive (control) while E2 
and E4 received nanoparticle modified adhesive. 

Table 1. Adhesive regimen for each group:

Group Etching time Adhesive used Adhesive infil-
tration time

E1 30 seconds
Unmodified 

adhesive
20 seconds

E2 30 seconds
Bioglass 
modified

20 seconds

E3 60 seconds
Unmodified 

adhesive
30 seconds

E4 60 seconds
Bioglass 
modified

30 seconds

All labial enamel surfaces were ground to a flat 
surface for bonding using a grinding wheel under 
water coolant followed by abrasive polishing paper 
to achieve a 4000 grit surface. 37% Phosphoric acid 
(Ultra-etch, Ultradent, USA) was applied to the sur-
face for each group according to the adhesive regi-
men, either 30 seconds or 60 seconds. The etchant 
gel was then rinsed for 15 seconds and gently air 
dried. The adhesive resin was applied to the etched 
enamel surface using a microbrush. Adhesive was 

left for 20 seconds before curing in groups E1 and 
E2, while it was left for 30 seconds in the E3 and E4 
groups. The adhesive was then gently air thinned. 
The adhesive was then light cured with a LED unit 
for 20 seconds.   Composite resin (Z250, 3M) was 
used for buildup in two increments of 2mm each. 
Composite was applied to the bonded surface us-
ing a plastic instrument. Each increment was light 
cured for 40 seconds. All specimens were stored in 
tap water for 24 hrs till testing. For beam prepara-
tion, the roots were cut off using a diamond disk and 
the crowns were fixed to acrylic resin blocks using 
composite resin with the labial surface facing up-
wards. The teeth were then mounted into a diamond 
saw machine (Isomet 4000, Bueheler Ltd., USA). 
The specimens  were sectioned into 1mm thickness 
slabs with a 0.3 mm thick diamond disc at 2050 rpm 
under water coolant. They were then sectioned lon-
gitudinally into beams of approximate cross section 
diameter of 1 mm. They were then cut horizontally 
to separate the individual beams. Two central beams 
were taken from each tooth and used for measure-
ment. The readings for the beams of each group 
were pooled together to give an average.

Microtensile bond strength testing

For microtensile bond strength testing, each 
beam was attached to a special jig in a universal 
testing machine (Instron testing machine). The mi-
crotensile bond strength (μTBS) was determined 
as the samples were submitted to a tensile force at 
a crosshead speed of 1  mm/min and 500  N un-
til failure. Load required to debond each specimen 
was recorder using computer software. After test-
ing, samples were removed from the fixtures with a 
scalpel. Data was collected for statistical analysis.

Statistical analysis

Statistical analysis was performed using a commer-
cially available software program (SPSS 19; SPSS, 
Chicago, IL, USA).  T test was used for comparison 
between groups. One way  ANOVA test was used for 
comparison of all groups and two way ANOVA was 
used for analysis of effect of variable interaction. The 
level of significance was set at P < 0.05.
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Results 

Results of comparison of microtensile bond 
strengths in MPa and  are shown in table 2 and 3. 
When comparing the effect of adhesive modifica-
tion by addition of 20% bioglass, it was apparent 
that the bioglass modification did not change the 
bonding strength to enamel with either etching time.   
A non- statistically significant difference between 
unmodified (control) and 20% modified was noted 
using 30 seconds etching (p=0.62) and 60 seconds 
etching (p=0.92).

Table (2) Comparison of microtensile bond strength 
between unmodified (control) and modified (20%) 
adhesive (t test)

Control  
30 sec

Modified 
20% 30  sec

Control  
60 sec

Modified 
20% 60 sec

Mean 25.56 27.56 15.67 15.22

SD 8.46 6.06 7.72 6.53

t 0.51 0.1

P 0.62ns 0.92ns

Significance level p<0.05, ns=non-significant

Regarding the effect of etching time, a statisti-
cally significant difference between the 30 and 60 
seconds etching was noted in unmodified group 
(control) (p=0.04) and the modified 20% group as 
well (p=0.003). (Table 3)

Table (3) Comparison of max. load between 30 
sec. etch time and 60 sec. (t test)

Control 
30 sec

Control 
60 sec

Modified 
20% 30  sec

Modified 
20% 60 sec

Mean 25.56 15.67 27.56 15.24

SD 8.46 7.72 6.06 6.53

t 2.28 3.66

P 0.04* 0.003*

Significance level p<0.05, *significant

Comparison between all subgroups (one way 
ANOVA) showed a statistically significant differ-
ence between all subgroups (p=0.036), where 30 
seconds etching (control and 20% ) showed greater 
mean values than  60 seconds etching (control and 
20%), (Table 3)

Table (4) Comparison between all subgroups (one 
way ANOVA test)

Control  
30 sec

20%  
30 sec

Control  
60  sec

20% 
60 sec

Mean 25.56a 27.56a 15.67b 15.24b

SD 8.46 6.06 7.72 6.53

F 3.7

P 0.036*

Significance level p<0.05, *significant 
Tukey’s post hoc test: means sharing the same 
superscript letters are not significantly different

Interaction of variables (two ways ANOVA)

Two ways ANOVA revealed that adhesive modi-
fication  had a non-statistically significant effect 
(p=0.84), while the effect of etching time  was sta-
tistically significant (p=0.049). The interaction of 
both variables had a non-significant effect (p=0.83), 
(Table 4)

Table (5) Two ways ANOVA Summary

Source SS df MS F P

Adhesive modification 4.54 1 4.54 0.04 0.8436ns

Etching time 514.47 1 514.47 4.13 0.0493*

Etching time x 
adhesive%

5.82 1 5.82 0.05 0.8255ns

Significance level p<0.05, *significant, ns=non-
significant
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Discussion

Since the beginning of the age of dental bonding 
in the fifties, there have been numerous modifica-
tions to the materials and techniques. These modi-
fications have predominantly aimed to improve the 
bond between the restoration and tooth structure 
and ensure its durability. Most of these modifica-
tions have been focused on the bond to dentin, as 
wall as aiming at prevent or arrest caries(17,18,19). 
Modifications to improve enamel bonding have 
been less abundant in comparison, but the etching 
of enamel has been one of the most researched vari-
ables in enamel bonding(20). The etching material, 
the time of application, the technique of applica-
tion and the concentration of the acid  have all been 
shown to affect the etching pattern and the bond 
strength of enamel(21).

The modification of the adhesive by adding the 
bio active glass nanoparticles has been shown to en-
hance dentin remineralization but has been shown 
to have a deleterious effect on dentin bonding in 
both self etch and etch and rinse modes (6). Their ef-
fect on enamel bonding however in this study have 
been shown to not adversely affect the bond. Bond 
strength for unmodified adhesive and nanobioglass 
incorporated adhesive have been shown to be simi-
lar. This difference might be due to the difference 
in histological structure and micromorphology be-
tween enamel and dentin bonds. While both  bond-

ing  mechanisms depend on resin infiltration into 
micro pores created by etching, the enamel etching 
pattern with phosphoric acid especially type I and II 
removing the end of the enamel prisms and expos-
ing the cores, is possibly easier for resin infiltration 
than the more delicate path of resin between the col-
lagen fibrils  of dentin to form the hybrid layer(22). 
Bond viscosity, which has probably been altered by 
the addition of 20% bioglass fillers could be more 
of a factor in the dentin than the enamel. Our results 
suggest that enamel bonding can tolerate up to 25-
30% filler loading as is the approximate filler load-
ing in this study.

As for the etching time, the etching time had a 
significant effect on the bonding to enamel. Thirty 
seconds etching provided a significantly higher 
bond strength than that of 60 seconds. The sixty sec-
onds provided for etching was chosen to evaluate 
its improvement of the bond as it creates a rougher 
surface that could aid in bonding (5). The prolonged 
application time on the surface was also to allow 
for the more viscous adhesive to achieve optimum 
penetration (11). However, this did not happen in this 
study. The bond decreased suggesting less resin in-
filtration into the micro pores, not more.

This is in disagreement with several studies that 
have shown 60 seconds to achieve better or same re-
sults as 30 seconds etching(23,8). However, it is noted 
that most of these studies have used adhesives that 
are formulated with etch and rinse adhesives only. 
The adhesive used in this study is a self-etch ad-
hesive as well and has a low pH of 2. The addition 
of the adhesive to the surface and leaving it for 30 
seconds on the surface before curing, on top of the 
60 seconds of acid etching, could have simulated a 
situation of over-etching of enamel. Over etching 
of enamel has been shown to produce lower bond 
strengths(24). The over etching produces over dis-
solving the outer prism area and can cause its break-
down into precipitates that indeed can block these 
micropores or obliterate them. This is in agreement 
with other studies that have shown the pore vol-
ume and size to decrease when etching enamel for  

Fig. (1) Comparisom between unmodified (control) and 
modified adhesive with both etching times
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60 seconds(25). Calcium precipitates in the micro-
pores  can cause incomplete infiltration into the 
enamel structure creating a compromised bond 
when compared to 30 seconds etching. The null hy-
pothesis that etching time does not affect microten-
sile bond strength to enamel has been rejected.

Conclusion

The addition of bioglass nanofillers to an adhe-
sive resin can be used without compromising the 
bond strength. This can be a valuable tool for pre-
vention of white spot lesions. Etching time however 
is best used as the recommended 30 seconds.
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