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INTRODUCTION 

More adults are seeking orthodontic treatment 
and demanding esthetic or invisible appliances1. 
Ceramic brackets were introduced to meet this 

need, and their popularity is increasing2,3. The 
ceramic brackets currently on the market are made 
of aluminum oxide and are chemically inert to oral 
fluids4,5.
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ABSTRACT
Objective: To evaluate effect of nanoparticles of silver (NAg) added on Nano-Bond adhesive 

system and its effect on shear bond strength of brackets attached to enamel. 

Materials and methods: Thirty extracted premolar teeth for orthodontic reasons were divided 
into two groups; First group metal brackets and second group the ceramic brackets were bonded by 
Nano-Bond adhesive system containing (NAg) with concentration 0.05%. Every group was further 
subdivided into 2subgroups with 5 teeth each; Groups A1, B1 (Teeth not subjected to thermocycling 
and cyclic loading), Groups A2, B2 [(Teeth subjected to thermocycling (500cycles) and cyclic 
loading (90N, 0.8-1 cycles/sec. 100,000 cycles)]

Enamel etched then the adhesives were applied to the entire enamel surface according to 
bonding agent containing (NAg) or not, then light cured for 10 seconds with LED. The base of 
brackets were filled by nano-filled composite resin and placed on the tooth and cured by LED for 40 
seconds. The recorded values of bond strengths in (MPa) were collected, tabulated and statistically 
analyzed. One way analysis of variance (ANOVA) and Tukey’s tests were used for testing the 
significance between the means of tested groups which are statistically significant when the  
P value ≤ 0.05.

Results: shear bond strength of metal brackets bonded by Nano-Bond adhesive containing 
nanoparticles of silver (NAg) (Group A) was significantly higher than shear bond strength of 
ceramic brackets (group B).

Conclusions: The adhesive shear strengths are high for metal bracket bonded by Nano-Bond 
adhesive system containing nanoparticles of silver (NAg) with concentration 0.05% than ceramic 
bracket.
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Although these brackets offer better esthetics, 
enamel fractures and cracks have been reported 
during debonding procedures. Increased bond 
strength usually results in bond failure at the 
enamel surface, rather than at the bracket-adhesive 
interface. Consequently, the continuing challenge is 
to develop a bond between orthodontic attachments 
and the enamel that is strong enough to accomplish 
treatment but can be broken for debonding without 
damage to the enamel surface6.

The majority of complaints are regarding the 
discomfort encountered during the debonding phase 
of treatment. One of the crises the clinicians may 
face during treatment is bracket failure. This usually 
the outcome of either applying improper force to 
the bracket or due to deprived bonding technique–
studies have shown that clinical bond failure occurs 
with 5% to 7% of brackets bonded with light cure 
or chemical cure composite resins for different 
reasons7.        

Measurement of shear bond strength is the most 
commonly used laboratory method to evaluate the 
performance of orthodontic bonding systems and a 
variety of techniques have been applied for shear 
bond strength measurements2. However, the lack 
of standardization of bond strength testing and the 
large distribution of results often prevent confident 
conclusions from being drawn8-10. Shear tests 
typically involve a combination of shear and peel 
forces because force is applied at a distance from 
the bonding interface11,12.

The bonding procedure is based on enamel 
alteration created by acid etching of the enamel as 
developed by Buounocore (1955)13.

Phosphoric acid is used in the form of a solution 
or gel etches at a concentration of 37%. The acid is 
applied on enamel surface thus cleanses the surface 
and improves the wettability of enamel by the resin. 
It also causes selective dissolution of enamel rods. 
The acid removes calcium salts from enamel, thus 
increases the size and number of micro spaces 

present in the enamel surface which is normally 
porous. When the resin is applied on such etched 
enamel surface, it can penetrate into micro spaces 
or irregularities, thus producing “resin tag” (finger 
like projections) with subsequent increase in bond 
strength and reduction of marginal staining and 
discoloration14.

The use of bonding agents is known from 
restorative dentistry that it improves the adhesion 
of composite resins. The bonding agents create a 
micro-mechanical interlock between the dentin 
collagen and resin by forming the hybrid layers15.  

Bonding agents were adhere composite 
restoration to tooth structure to form a functional and 
durable interface16-18. Bonding agent compositions 
and bond strengths have been improved in previous 
studies19,20. Antibacterial adhesives are promising to 
combat bacteria and reduce recurrent caries at the 
tooth-restoration margins21,22.   

Nano-sized filler such as nano-sized aerosol silica 
filler were introduced to bonding agents by mean 
of nano technology. The nanofillers technology is 
claimed to increase adhesion to both enamel and 
dentin and improves marginal integrity23.

Recently, a quaternary ammonium dimethac-
rylate (QADM) was synthesized and incorporated 
into resins to inhibit biofilm growth24,25. In addition, 
recent studies developed antibacterial nanocompos-
ites containing nanoparticles of silver (NAg) with 
a potent antibacterial activity26. Hence, the cured 
QADM-containing adhesive could inhibit bacteria 
adherent on its surface, but would have no effect 
on bacteria in the culture medium away from its  
surface27.

The resin containing NAg inhibit not only 
bacteria on its surface, but also bacteria in the culture 
medium away from its surface due to Ag ion28. For 
dental composites, it is desirable to incorporate 
silver nanoparticles with a high surface area into 
the resin to reduce the Ag particle concentration 
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necessary for efficacy29. Low Ag filler levels in the 
resin would not affect the resin color25.

Thermocycling is defined as the in vitro process 
of subjecting a restoration and tooth to temperature 
extremes that conform to those found in the oral 
cavity29. Thermocycling considered cycling regimes 
employing short dwell time to be more realistic 
clinically31. Cyclic loading application was made 
to simulate clinical occlusal stress condition in oral 
cavity32.

The purpose of this study was to evaluate the 
effect of adding nanoparticles of silver (NAg) with 
concentration 0.05% into Nano-Bond adhesives on 
shear bond strength of brackets attached to enamel. 

MATERIALS AND METHODS

An in vitro study was conducted to test the shear 
bond strength of orthodontic brackets after adding 
nanoparticles of silver (NAg) with concentration 
0.05% on nano-bond adhesive.

One type of adhesive available system was 
used as the control [Nano-Bond adhesive (Pentron 
Clinical technologies, USA, lot # 183421)], 
nanoparticles of silver (NAg) with concentration 
0.05% was added into Nano-Bond adhesives, 
one type of nano-filled composite resin (Artiste 
Nanocomposite, Pentron Clinical technologies 
LLc, USA, lot # 182066-185215)  and two type of 
orthodontics brackets: metal bracket (0.022x0.028) 
(Global orthodontics, LLc, Chanlitity USA) and 
ceramic bracket (Crystaline;Tomy, Tokyo, Japan) 
were used in this study. 

Twenty caries- free freshly extracted human 
maxillary premolar teeth were collected to be used 
in this study. The teeth were cleaned by ultrasonic 
scaler and stored in distilled water at 370C before 
testing.

Teeth were embedded in chemically cured 
dental acrylic (Palavit G, Heraeus Kulzer, 
Wehrheim,Germany) in plastic cylinders to allow 
for standardized and secure placement during 
testing.

Teeth were randomly divided into two main 
groups (10 each) according to the bonding agent 
containing nanoparticles of silver (NAg). Group 
A: The metal brackets were bonded by Nano-Bond 
adhesive system containing nanoparticles of silver 
(NAg) with concentration 0.05% and Group B: 
The ceramic brackets were bonded by Nano-Bond 
adhesive system containing nanoparticles of silver 
(NAg) with concentration 0.05%

Grouping of the teeth

TABLE (1) Every group was further subdivided into 
2 subgroups with 5 teeth

Groups Subgroups Description
No. of 

Specimens

G
ro

up
 A

 

Group A1 Teeth not subjected to 
cyclic loading.

5 specimens

Group A2 Teeth subjected to ther-
mocycling (500cycles) 
and cyclic loading 
(90N, 0.8-1 cycles/sec. 
100,000 cycles).

5 specimens

G
ro

up
 B

 

Group B1 Teeth not subjected to 
cyclic loading.

5 specimens

Group B2 Teeth subjected to ther-
mocycling (500cycles) 
and cyclic loading 
(90N, 0.8-1 cycles/sec. 
100,000 cycles).

5 specimens

                                                         Total 20 specimens

    Each enamel was acid etched using 37% phosphoric 
acid gel* for 15 seconds. Then the enamel was rinsed 
with water spray and dried with oil free stream for  
5 seconds. Apply primer on etched enamel surface 
by using the applicator brush. 

* Eco-Etch. Ivoclar vivadent.
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Remove the excess primer with a dry applicator 
brush, but leave the surface with a very wet 
appearance, Then light cured for 10 seconds with 
light emitting diodes* (LED). 

The adhesives were applied to the entire enamel 
surface according to bonding agent containing 
nanoparticles of silver (NAg) or not, then air 
thinning for 15 seconds. A gentle stream of dry 
air was applied to disperse the material into a thin, 
uniform, shiny appearing surface. The adhesive was 
then light cured for 10 seconds with LED. 

The base of brackets were filled by flowable 
composite resin and placed on the tooth and pressed 
firmly onto the surface. Any excess of the flowable 
composite resin was removed and the flowable 
composite resin was cured by LED for 40 seconds 
with the tip close to the surface as possible (20 s 
from mesial and 20 s from distal).

Curing radiometer equipment** used to ensure 
steady light intensity throughout the polymerization 
of all specimens.

The specimens were stored in distilled water 
for 24 hours in 370C before testing according to 
American dental association (ANSI/ADA)33 and 
International Organization for standardization 
(ISO)34 for direct filling resins and dental adhesion.

Thermocycling

All teeth were stored in water at 37°C for 24 
hours before being subjected to thermocycling, 
and then subjected to thermocycling to simulate 
clinical thermal stress condition. The teeth were 
stored alternatively in water reservoirs at 50C and 
550C respectively, remaining in each reservoir for 
30 seconds. This procedure was carried out (500 
cycles) for group A2, B2 controlled by a computer. 

Cyclic loading

A cyclic loading was applied to the tooth at a 
450 angle to the long axis of the tooth using Lloyd 
universal testing machine (model LRX plus II. 
Fareham, England) with a load cell of 5 kN and data 
were recorded using computer software (Nexygen-
MT 4.5.1; Lloyd Instruments). 

A steel rod (0.8 mm diameter) attached to the 
upper movable compartment of the machine, applied 
to the middle part of tooth surface, load profile in 
the form of a sine wave at a rate of 1 Hz. The rate 
was used as equivalent to the average masticatory 
cycle of 0.8–1.0 s35.

A force about 90 N was applied during fatigue 
test. This reflects normal chewing forces36.

Clinically, teeth are subjected to masticatory 
forces under dry and wet conditions37. In vitro stud-
ies should replicate the clinical conditions, and thus 
various methods have been developed to simulate 
oral environment such as cyclic loading fatigue38.

Groups A1, B1: Teeth not subjected to cyclic 
loading.

Groups A2, B2: Teeth subjected to cyclic loading 
(90N, 0.8-1 cycles/sec. 100,000 cycles) to simulate 
clinical occlusal stress condition after six months36.  

Shear bond Strength testing:

Shear bond testing was done using Lloyd 
universal testing machine (model LRX plus II. 
Fareham, England). A specially designed upper 
attachment knife-edge was used.

The plastic cylinders with the embedded 
teeth and the brackets were mounted on a joint 
(lower attachment) and were aligned in the testing 
apparatus to ensure consistency for the point of force 
application and direction of the debonding force for 

*BG-light-LTD, 4002 Plovdiv, 430-490nm, Bulgaria
**LI-189 Li-Cor Inc, Lincoln, NE6804, USA.
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all specimens. The direction of the debonding force 
was parallel to the enamel surface in an occluso-
gingival direction which shown in Fig 1. The load 
was applied perpendicularly to the interface of tooth 
and bracket at a cross head speed of 0.5mm/min 
until debonding occurred.

The shear bond strength in Kg/Cm2 was calcu-
lated from the equation:

            σs= P/π.r2

Where:

         σs:  shear bond strength in Kg/Cm2

            P    is the shear load in Kg

            π = 3.14

            r     is the radius of the specimen in Cm

The shear bond strength was converted to MPa 
by multiplying the results by 0.09807.

The loads at failure were recorded and the data 
were analyzed by one way analysis of variance 
(ANOVA) and Tukey’s tests were used for testing 
the significance between the means of tested 
materials which statistically significant when the  
P value ≤ 0.05.                                  

RESULT

The result of this study showed that the 
comparison between metal and ceramic brackets 
bonded by Nano-Bond adhesive system containing 
nanoparticles of silver (NAg) with concentration 
0.05% [group A and Group B] 

The mean percentage for the tested Nano-Bond 
adhesive system containing nanoparticles of silver 
(NAg) with concentration 0.05% which teeth not 
subjected to cyclic loading are presented in table 2 
and figure2. 

The metal brackets bonded by Nano-Bond 
adhesive system containing nanoparticles of silver 
(NAg) with concentration 0.05% (group A2)  showed 
that the statistically significantly highest mean shear 
bond strength [20.25 MPa] than ceramic brackets 
bonded by Nano-Bond adhesive system containing 
nanoparticles of silver (NAg) with concentration 
0.05% [14.86 MPa] (group B2).  

The results of shear bond strength showed 
significant difference (P<0.05) between group A2 
and group B2. 

TABLE (2) Comparison between mean shear bond 
strength in (MPa) of the metal and ceramic 
brackets bonded by Nano-Bond adhesive 
system containing nanoparticles of silver 
(NAg) with concentration 0.05% which 
teeth not subjected to cyclic loading 
(group A1 and group B1):

Group A1 Group B1

P-valueMean SD Mean SD

20.25a 0.56 14.86b 0.86 0.000*

* Significant at P ≤ 0.05, Means with different letters are 

significantly different according to Tukey’s test.

Fig. (1) Diagram of force application during debonding.
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Both table 3 and figure 3 shows the compari-
son between mean shear bond strength in (MPa) of 
the teeth subjected to thermocycling (500cycles) 
and cyclic loading (100,000 cycles) (group A2 and 
group B2)

Group A2 showed that the statistically 
significantly highest mean shear bond strength 
(16.75 MPa) than group B2 (11.25 MPa).

The results of shear bond strength showed 
significant difference (P<0.05) between group B2 
and group A2. Shear bond strength was increased 
for the specimens of the metal brackets than ceramic 
brackets (NAg).

TABLE (3) Comparison between mean shear bond 
strength in (MPa) of the tested Nano-
Bond adhesive system groups (group 
A2and group B2):

Group A2 Group B2
P-value

Mean SD Mean SD

16.75a 0.87 11.25b 0.46 0.000*

* Significant at P ≤ 0.05, Means with different letters are 
significantly different according to Tukey’s test.

DISCUSSION

The use of ceramic brackets in orthodontics 
provides greatly improved esthetics, but results 
in problems during debonding. In clinical use, the 
bond between the ceramic bracket and the adhesive 
must be strong enough to withstand orthodontic and 
chewing forces while still allowing removal of the 
bracket without injury to the tooth.

The  adhesive  shear  strengths  recorded  in  
this  investigation  are  high  for  metal   bracket 
bonded by Nano-Bond adhesive system containing 
nanoparticles of silver (NAg) with concentration 
0.05% than ceramic bracket.

The data show that the metal brackets [groupA1, 
A2] had higher mean bond strength (20.25, 
16.75MPa) respectively than ceramic brackets 
[group B1, B2] (14.86, 11.25MPa) respectively.

Bracket de-bonding resulting from factors, 
such as failure in the bonding technique, low 
retentiveness of certain bracket bases, masticatory 
forces39-41 and reduced size of the bracket base 
for esthetic reasons, are common shortcomings in 
clinical orthodontics, and might delay treatment 
completion and increase the costs   relative to the 
maintenance of fixed orthodontic appliances. With 
the objective of minimizing these problems, several 

Fig. (2) Bar chart of mean shear bond strength in (MPa) of the 
tested Nano-Bond adhesive system groups (group A1 
and group B1).

Fig. (3) Bar chart of mean shear bond strength in (MPa) of the 
tested Nano-Bond adhesive system groups (group A2 
and group B2).
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solutions have been proposed such as aluminum-
oxide sandblasting and primer application42.

The bonding procedure is based on enamel 
alteration created by acid etching of the enamel as 
developed by Buounocore (1955)13.

Etching tooth enamel with phosphoric acid 
creates surface microporosities and irregularities 
into which low-viscosity resins can readily flow. 
This formation of mechanical retention by cured 
resin on phosphoric acid-etched enamel has been 
the major factor responsible for the enamel adhesion 
of resin-based composite43.

The acid removes calcium salts from enamel, 
thus increases the size and number of micro spaces 
present in the enamel surface which is normally 
porous. When the resin is applied on such etched 
enamel surface, it can penetrate into micro spaces 
or irregularities, thus producing “resin tag” (finger 
like projections) with subsequent increase in bond 
strength and reduction of marginal staining and 
discoloration14 and it is the major factor responsible 
for the adhesion of dental resins to enamel44.

According to many investigators34 the uses 
of filled adhesive resin increases the mechanical 
properties and improve marginal and internal seal of 
composite restoration. This was based on change in 
the stress dynamics at enamel/composite/adhesive 
resin interface. This creates an environment in 
which crack initiation and propagation would be 
less than non-filled adhesive45.   

These adhesives may be categorized as mild 
or strong adhesives, depending on their PH and 
therefore their etching potential 46.

The thermocycling procedure was performed 
on the samples to simulate the clinical conditions. 
This procedure simulates thermal conditions of oral 
environment. Intraoral temperature changes affect 
the mechanical properties of adhesive layer and 
generate thermal stresses in the adhesive layer, teeth 
surface and bracket47.

Shear bond strength test have been widely used, 
mainly because of their relative simplicity when 
compared to tensile bond strength test, in which it is 
difficult to align the specimen in the testing machine 
without creating deleterious stress distribution48,49. 
Advantages in shear tests include of specimen 
preparation and simple test protocol50. 

The present study used nanoparticles of silver 
(NAg) with concentration 0.05% in adhesive because 
NAg was shown to possess potent antibacterial 
properties45. NAg was recently incorporated into 
dental resins51. Their small particle size and large 
surface area could enable them to release more 
Ag ions at a low filler level, thereby reducing Ag 
particle concentration necessary for efficacy47.  Ag 
salt when mixed with primer or adhesive. The Ag 
ions in the resin agglomerated to form nanoparticles 
that became part of the resin52.

The results of the present study demonstrated 
a significant increase in shear bond strength of 
Nano-Bond adhesive containing nanoparticles of 
silver (NAg) with concentration 0.05% than Nano-
Bond adhesive system without additives. This may 
be contributed to NAg-containing bonding agent 
was antibacterial activity not only on its surface, 
but also away from its surface. This indicates that 
NAg-containing resin has a long-distance killing 
capability, likely due to the release of Ag ions53. 
When NAg are dispersed in bonding agent at low 
concentrations, thermal and mechanical properties, 
as well as biostability and antibacterial ability, 
are improved54, which  reduce or eliminate the 
interfacial stress concentration within composite/
adhesive bonding resin complex55.

Improvement of strength with addition of 
nanoparticles of silver (NAg) may have been due to 
inherent characteristics of the NAg particles. NAg 
possesses strong ionic interatomic bonding, giving 
rise to its desirable material characteristics that is 
shear strength.
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CONCLUSION

On the basis of this study, we can conclude that:

The adhesive shear strengths are high for metal 
bracket bonded by Nano-Bond adhesive system 
containing nanoparticles of silver (NAg) with 
concentration 0.05% than ceramic bracket.

Further studies are needed to investigate its 
effect on other mechanical and physical properties 
with different concentrations.
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