
Fracture Toughness of Resin Based Composites, Impregnated
with Silver Nanoparticles and Bioactive Glass

INTRODUCTION

esin based composites (RBCs) have multiple
applications in dental practice including; direct
restorations, inlays, onlays, core build-up, fissure

sealing and orthodontic bracket bonding.1 With the use of
appropriate adhesive technique and their ease of handling,
adequate bonding of RBCs to both enamel and dentin can
be achieved.2 However, an associated drawback with RBC
use is that they harbor more microorganisms than some other
restorative materials.3 A common reason for replacing RBC
restorations has been secondary caries occurring at the
restoration-tooth interface. Polymerization shrinkage during
setting reaction as well as cyclic mechanical loading may
result in the formation of marginal gap and micro-leakage
and hence the harboring of microorganisms.4 Resin pores

also allow bacteria inflicted plaque to cause infection. Since
the initiation of secondary caries at the tooth-restoration
interface frequently occurs in RBCs, therefore it is important
to develop innovative RBCs that possess antibacterial
properties as well as self-repairing ability through
re-mineralization.5

The adding of various types of releasing or slow releasing
agents has been considered to inculcate antibacterial properties
in RBCs. These include silver, iodine, zinc, antibiotics,
chlorhexidine and chitosan.6-7 For sustained antibacterial
properties, immobilized antimicrobial agents have also been
added to RBCs.6 Among these agents, silver or fillers
implanted with silver ions have exhibited a promising
antibacterial property without affecting the strength and
mechanical characteristics of RBC. Silver containing
biomaterials have exhibited effective antimicrobial activity
against oral pathogens such as streptococcus mutans,
candida albicans, lactobacillus acidophilus.8

Re-mineralizing effect can be achieved with the addition
of unsalinized BAG filler to RBCs. BAG 45S5 represents
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OBJECTIVE: To investigate the effect, on fracture toughness (KIc), of impregnating silver nanoparticles (AgNPs) and bioactive
glass (BAG) in resin based composites (RBCs).
METHODOLOGY: During the period from August 2016 to May 2018, this study was performed at Peshawar Dental College
(Pakistan) and Montreal University (Canada), using; a commercial RBC and experimental RBCs with or without BAG content
(5-15wt%), and AgNPs (0.009%). Standardized specimens (n=6) were made in each of five RBCs (G1-G5). AgNPs were
synthesized and characterized by uv-vis spectroscopy. With universal testing machine, the KIc for RBCs specimens was
computed. SEM and dynamic light scattering (DLS) was used to assess the size and form of the prepared silica. One-way
ANOVA and Tukey post hoc test were used for data analyses.
RESULTS: KIc values varied both within and between RBCs groups. The commercial RBC had highest mean KIc (G1=1.03+0.24).
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RBC groups that had statistically significant variations between their mean KIc values were; G1-G2 (p=0.017) & G1-G5
(p=0.017). SEM and DLS analysis of synthesized silica particles having round shape and sizes of 0.9-1µm. Uv-vis spectroscopy
of AgNPs showed round shape with size up to 20nm.
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the composition which is widely employed in orthopedics
because of its ability to form hydroxyapatite crystals in
physiological environment. The precipitation of
hydroxyapatite can also be achieved in a methacrylate based
composite material containing bioactive glass.9 Several
studies have investigated new bioactive and antimicrobial
restorative materials for prevention of recurrent decay.
However, the majority of these materials exhibit inferior
physical properties.6 Silanization of filler particles has been
shown to improve the mechanical properties but leads to
decline in bioactivity. Appropriate inculcation of bioactivity
without affecting the mechanical properties of RBCs is an
issue yet to be ascertained.9

Previous work has reported that some mechanical
properties could decline with the addition of calcium
phosphate bioactive fillers to the RBCs.10 This finding was
confirmed by a recent study that investigated some other
properties of experimental and commercial RBCs. The
experimental RBCs included those with and without a fixed
proportion of AgNPs and varying amounts of BAG.11

However, this study did not look at the possible effect,    on
KIc, of the AgNPs and BAG impregnations in the
experimental RBCs. KIc is an important mechanical property
that refers to the opposition of a brittle material to the
proliferation of flaws under an applied stress. It can be related
to the fatigue resistance of the material. KIc relies on the
chemical composition and physical properties of the
components of restorative material.12

The present study aims to investigate the effect, on KIc,
of adding a fixed amount of AgNPs and various proportions
of BAG (5-15%) in experimental RBCs. The mentioned
additions, in the experimental RBCs, will be made to ensure
each of the experimental RBCs maintain a 70% total filler
content. We hypothesized that a larger proportion of BAG
substituting the filler content in the RBC would result
increased KIc.

METHODOLOGY

The present study is part of a multiphase research project
comprising the synthesis and characterization of AgNPs and
BAG and their incorporation to result some experimental
RBCs.11,13-15 The study protocol and the publication of results
were approved by the institute and university research and
ethics boards (Riphah/26/17/011 March 03, 2016 and PRIME/
IRB/2019-179). The experimental work was conducted
during the period August 2016-May 2018, at the Department
of Dental Materials, Peshawar Dental College, (Pakistan)
and Chemistry Department, Montreal University in Canada.
The pilot phase for the research project / protocol to perfect
the experimental resin manufacturing was done in the local

setting. Once it was approved, then the further work including
the fabrication of the specimens and their testing was done
in the overseas setting.

The materials used for the synthesis of experimental
RBC and their modifications are given in Tables 1-2. The
proprietary RBC was used to make specimens to belong to
the control group (G1). The unmodified experimental RBC
was used to prepare specimens to comprise the G2 group.
The experimental RBCs having 0.009% AgNPs and 5, 10
and 15 wt% of BAG-45S5 respectively to substitute the
silica particles were used to fabricate specimens to make
groups designated as G3, G4 and G5 respectively. First both
the resin mixture and filler particles were mixed manually
in a plastic container. Then the material was transferred to
three roll mill (Exakt, TRM, Norderstedt, Germany) to obtain
a homogenous material. In each of the five RBC groups,
there were six specimens. Details of the various RBCs, their
content are given in Table 2.

A single-edge notched beam (SENB) test was employed
to calculate the KIc for the RBC specimens. The notch in
the specimen was created by using the custom made three-
piece brass mould used for fabricating the specimens. The
notch to have a standardized dimension and location in each
specimen was facilitated with a sharp   blade-like v-shaped
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ridge in the mould surface. There was no direct involvement
of the operator in the production of the notch in the specimens.
   The specimens fabrication as well as the testing procedure
were that of the American Standards for Testing Materials
(ASTM).16 Rectangular bar specimens (n=6) in each RBC
having pre-specified dimensions (height=4 mm, width=2
mm and length=25 mm (Figure 1) were fabricated using a
three-piece brass split mold so that on completion of curing,

the bar could be removed from the mold without the
application of force. The mold was filled manually with the
help of stainless steel spatula. The material was transferred
into the mold in 1-2 mm increments. Each addition was
polymerized for 20-sec with light-curing machine with an

output of 750mW/cm2 and a wavelength of about 470nm.
On curing, each specimen was separated from the mold and
further cured on each side for another 10-sec. Excess material
on the sides of the specimen was then removed with 1000-
grit sandpaper. Before calculation of the KIc, specimens
considered suitable and defect-free remained stored in distilled
water at 37C for a minimum of 24 hours. Three-point bending
configuration was used to determine KIc in ambient
temperature using UTM (Instron.5565 USA) at a cross head
speed of 0.75mm/min and pre-set load of 50N.KIC was
determined with the help of equation.16

Where α = 2(1+2 a/w) (1-a/w)2/3, KIC = Stress Intensity
Factor, L= distance between supports, w = width of the
specimen, b = thickness of the specimen and a =crack length.

The shape and size of silica particles and BAG was
determined by using DLS (Malvern Zetasizer UK). AgNPs
were synthesized following the standard procedure13 and
were characterized with the help of uv-vis spectroscopy
(Cary uv-vis Agilent technologies, USA). SEM analysis
(JEOL, Model JSM-7600F, Japan) of fractured surface
through the bulk of samples following mechanical
characterization was used to observe the filler distribution
and morphology.

Statistical package for social sciences SPSS software
version 19 for windows was used for data analysis. Mean
and standard deviation for KIc values for specimens in all
the five groups were computed. Data analyses, using ANOVA
and Tukey's post hoc test was made to compare the level of
significance of the differences from the mean values of KIc
among the RBC groups. For the difference to be
statistically significant, the P value was set as < 0.05.

RESULTS

The mean KIc values for all the RBC groups are given
in Table 2. It can be seen that the commercial RBC(G1)
exhibited higher value. It can also be seen that specimens
in the experimental RBC with no BAG and AgNPs (G2) or
those containing AGNPs (0.009%) and BAG content of 15%
had lower mean KIc values. The mean KIc values for both
the experimental RBCs (G3 and G4) can be ranked next to
the mean KIc value exhibited by the commercial RBC (G1).
The significance or otherwise of the differences between the
mean KIc values between the various RBC groups are also
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Table. 2: RBC groups, their Klc values and statistical analyses
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Figure. 1: Diagrammatic representation of the dimensions of the
specimen and illustration of the fracture toughness test.15



given in Table 2. These show that the only mean KIc values
that were statistically significantly different were those
between the RBC groups; G1-G2 and G1-G5.

The SEM images of the representative surfaces of the
fractured RBC specimens are shown in Figure 2 (a-c). The
silica particles were of round shape (Figure 2a) and their
sizes ranged from 0.9 to 1.0µm. Average size of BAG
particles determined by DLS was 512nm. Figure 2b shows
that some of the filler particles appear detached from the
matrix, leaving empty spaces indicating weak bonding
between the filler and the matrix. The SEM image

(Figure 2c) of a specimen belonging to G1 group shows that
the filler size is much smaller than the particles size in the
specimens belonging to the other RBC groups. Surface
appears rougher and filler particles are more densely packed
when compared to the other RBC groups.

DISCUSSION

The Klc values (Table 2) for specimens in the various
RBC groups were calculated by using a single-edge-notched-
beam (SENB) test.16  This test has been considered reliable
and valid in addition to being simple in terms of making
specimens.17 Three-or four-point bending equipment is used
for measuring the fracture toughness using a single-edge
notched-beam. Both the methods are being commonly used
in dental materials research.18 As mentioned earlier, the notch
was created in a standardized manner in each specimen with

no direct involvement of the operator in its production.
To provide valid and realistic comparison of the data,

this study also included specimens made in commercial
restorative material (Filtek 3M, Z250xt) so that the KIc value
could act and provide as control group.19 The specimens
made in the commercial RBC(G1) exhibited higher mean
KIc value. The commercial RBC contained 82% filler in
comparison to the 70% total filler content in the RBC
specimens in the rest of the groups. A variety of filler
percentages to resin matrix have been added with the range
of 70-75%. With the 70wt% filler content, the viscosity of
the resin paste was adequate as well as its handling. Most
of the studies are in agreement that Klc toughness increases
with an increase in the amount of filler. Ilea et al18 reported
that the KIc was highest in the RBCs containing higher
percentage of filler and not dependent on the extent of
polymeric conversion in the resin matrix. The filler phase
present in RBCs distributes the applied force into many
components leading to deviation of the crack path and thus
hindering the proliferation of crack.17 Figure 2c belonging
to the RBC specimens from the G1 shows that the particle
size of filler is smaller than the experimental RBC and the
particles are well-condensed without any signs of detachment
of filler from the matrix indicating excellent silanization of
filler particles. Some studies have reported that matrix/particle
detachment can be harmful to the fatigue and fracture
performance of RBCs. Figure 2b shows small depressions
indicating sites of detachment of filler particles from the
matrix which also might be responsible for low KIc values
of the experimental RBCs when compared to those made in
the proprietary RBC.

The data in Table 2, show relatively higher KIc values
for both the G3 and G4 RBC specimens compared to those
in the G2 group. This indicates that BAG addition imparted
a beneficial effect. The data also show that further increase
of the BAG proportion in the experimental RBC and the
specimens made in it (G5) resulted in a decrease in Klc
though to a statistically insignificant extent. A likely
explanation for this finding could be the existence of increased
BAG aggregates in the resin matrix without chemical adhesion
between them. Smaller BAG content in the experimental
RBCs, could better deflect crack from the front originating
from the notch in specimen. In fact, it has been shown that
the stress intensity factor (Klc) will decrease at the tip of
crack with the change of direction, halting its unstable
growth.20 Moreover, there might be trans-particle fracture
due to which more energy would be needed to break the
BAG agglomerate leading to increase in fracture toughness.20

However, this phenomenon might not function at higher
concentration of the BAG in the resin matrix. This was
confirmed from the findings of the present study where an
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(a) (b)
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Figure. 2: (a) SEM of synthesized silica particles at voltage of
5kv and 10,000 magnification. (b) SEM of experimental resin
composite (G3) showing surface morphology. (c) SEM of
commercially available resin composite (G1) showing surface
morphology. (d) Thin films of photo-polymerized resin containing
AgNPs.



increased BAG content in the RBC used for making
specimens in the group G5 did not result in further increase
in Klc but rather decreased it. While the exact cause for this
has yet to be identified, but it could likely be due to increased
amount of flaws, voids or porosities.18 Chatzistavrou, et al6

have also reported insignificant difference in the mechanical
properties of specimens compared to those in the control
samples made in the RBC having silver doped BAG with
BAG content of 5, 10 &15% respectively. However, in that
study mechanical properties were characterized by the method
of micro-tensile test that measured total bond strength of
dentin.

Uv-vis spectroscopy of photo polymerized resin films
indicated nano size (less than 20nm) and round shape of
silver particles. Based on a previous study13 that reported
antibacterial property of AgNPs, 0.009% AgNPs (0.03%
silver in resin) was incorporated in RBC. AgNPs with high
surface area and small size have adequate antibacterial
activity at low filler level. Antibacterial properties of AgNPs
at such low level (0.009%) in RBC need to be investigated
in future studies. Low silver salt concentrations (<0.028%)
results in minimal clumping. Since the concentration used
in this study is extremely low (0.009%) which is lower than
0.028%, it can be predicted that such a concentration of
AgNPs wouldn't have adversely affected the mechanical
properties of RBC. However, it has been found that in-situ
reduction of silver ion competes with free radicals produced
by light activation. This might result in increased inactivation
of proliferating chain and thus leading to decreased
mechanical properties.13

In this study mode I fracture toughness of the RBC
specimens was determined which is particularly important
because it is the lowest stress at which crack proliferation
can initiate. Clinically this opening (tensile) mode of failure
is most closely linked to restorative materials in terms of
fracture type. Klc values may vary depending upon the mode
of fracture toughness and test method used.21  The results of
the single beam notch test are very sensitive to notch depth
and width and hence making comparison with other studies
difficult.18 The Klc values found in this study are within the
range (Mode 1, Fracture toughness, 0.55 -1.36 MNm-3/2)
reported in another study for commercial RBCs using
Brazillian disc method.21 The values of fracture toughness
calculated by Brazillian disc method are lower than the
values determined by single edge V notch beam test.21

Therefore, the fracture toughness values obtained by different
methods cannot be compared with each other.

Notwithstanding the individual variation and the
apparently lower fracture toughness values for the various
experimental RBC containing different proportions of BAG
and the fixed amount of AgNPs in comparison to the control

RBC, keeping in view the beneficial antibacterial and re-
mineralizing effect of the AgNPs and BAG in the
experimental RBC, they could be further explored for use
in restoring non-stress bearing location (class 3 and 5 cavities).
For stress bearing areas such as class 2 and 4 cavities, ways
for improving fracture toughness of the experimental RBC
require further experimentation.

LIMITATIONS

Among the several limitations of this study, one was the
use of brass mold for fabricating RBC specimens. Brass
obstructs the penetration of light delivered by the visible
light curing unit affecting the polymerization process and
the degree of conversion. We minimized this effect by
following the protocol of incremental addition and curing
of each of the RBC layer placed in the mold. Another point
of interest related to this study is that the total filler content
used in the preparation of various experimental RBCs was
70 wt% compared to 82% in the commercially available
RBC (G1). As stated earlier, filler mass fraction has
considerable influence on Klc, therefore comparison between
G1 and the rest of the groups become difficult. Another
limitation of this study was that the influence of AgNPs and
BAG individually on the Klc values of the RBCs was not
determined, making the comparison of the values with other
studies difficult which have used either AgNPs or BAG
alone as additives in their RBCs.

CONCLUSIONS

In comparison to control RBC, lower Klc values were
reported for the experimental RBCs. However, these values
were only significantly lower for the experimental RBCs
groups including; G2 (without AgNPs and BAG) or G5
(AgNPs- 0.009% and BAG 15wt%).

The experimental RBCs containing AgNPs (0.009%)
and BAG (5-10wt%), because of their established antibacterial
and re-mineralizing effect may prove useful for restoring
non-stress bearing location in permanent teeth and all cavities
including the stress-bearing location in case of deciduous
teeth that receive lower masticatory loads.
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