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EVALUATION OF FLEXURAL STRENGTH OF COMPOSITE BY ADDITION 
OF DENTAL AMALGAM POWDER: A PILOT STUDY
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ABSTRACT

 Dental composites are showing versatility in the field of restorative dentistry. Strength is main 
issue for their use especially in stress bearing area. Present study was aimed to evaluate the flexural 
strength of dental amalgam incorporated nano filled hybrid composite. Mechanical incorporation of 
a commercially available dental amalgam powder in nano filled hybrid composite was performed 
through amalgamator. Specimens were prepared and analyzed according to ISO standard No. 4049. 
Specimens analyzed were six (n=3) for each group. Null hypothesis for the study was no difference in 
the flexural strength of a commercially available dental composite and the prepared one which was 
rejected by the test statistics. Flexural strength of the control material was 90 Mpa while for the test 
material was 106.12 Mpa. Results showed a marked difference in the values of flexural strength of both 
the materials. Flexural strength can be increased by incorporating dental amalgam powder. Dental 
amalgam powder is a potential candidate for a high flexural strength and antibacterial composite. 
The study needs more trials on different aspects and evaluation of mechanical properties.
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INTRODUCTION

 Dental composite filling materials are used in 
posterior teeth worldwide.1 Composite direct filling 
materials are gaining more popularity and acceptability 
as restorative materials especially in posterior teeth.2 
This feature is due to the properties contrasting to 
the indirect restorations like, less invasive procedure, 
conservative approach towards tooth substance, low 
cost, less time and clinically comparable performance.3 
It was evaluated in different studies that composite 
restorations show excellent results in premolar teeth 
in comparison to molar ones.4 Higher failure rates were 
also found to be related with posterior composites.5

 Cause of failure was reported to be the fracture 
of the restoration.6 Occurrence of fracture is due to 
the stress over the restoration.7 Annual failure rate 
of composite is three times greater than amalgam 
as described by Bernardo et al (2007). Amalgam was 
found to be much stronger than composite restoration 
on the basis of annual failure rates.8 Failure was found 
to be the result of fracture of the restoration due to the 
degradation of the filler content and other mechanical 
properties.9 High filler loading was accessed as a road 
towards increase in the longevity of the restoration. 
Hybrid composites therefore, considered to be more 
appropriate as posterior restorative composites due to 
their high fracture strength.10

 Improvement in the quality is the basic aim of the 
research. Attempts have been done to make a composite 
material which can be ideally used.11 Mechanical prop-
erties of dental composite restorative materials were 
found to be associated with filler content. Strength is a 
considerable problem with posterior composites. Present 
pilot study will be a convincing protocol to researchers 
aiming to do something new in the field of composite 
restorative materials.
 Aim of this pilot study was to prepare a dental com-
posite material with improved mechanical properties 
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CHANGING THE RATIO OF MATERIALS

 This failure at the beginning of the study makes 
a huge distraction about the feasibility of the study. 
Calculations were again computed regarding the pro-
portions of the materials as this was found to be the 
main cause through critical evaluation of the procedure. 
Now again the material was prepared with a relatively 
less proportions of dental amalgam powder. At this 
time a ratio of 1:0.01 grams was taken. Specimens 
were prepared according to the procedure described 
previously.

DETERMINATION OF FLEXURAL STRENGTH

 Specimens were taken to central research labora-
tories for evaluation of its flexural strength through 
three point bending test (Fig 5). Test was done on a 
universal testing machine.

Formula for Flexural strength is 

σ = 3FL/2WH2

 Universal testing machine was fixed at a crosshead 
speed of 0.5mm per minute using a span of 20mm Force 
recorded to produce the fracture for specimens produced 
by nano hybrid composite filling material Nexcomp 
(Meta Biomed Co; Ltd. Korea) was 24 Newtons (Group 
A). Distance between the supports (fixed at 20 mm). 
Mean width of the specimen measured before testing 
was 2±0.02mm. Mean height of the specimen between 
the tension and compression surfaces was 2±0.03mm.

RESULTS

General observations

Group A:

 Frequency, Percent, Valid Percent and Cumulative 
Percent age was calculated through SPSS version 16 
(Table 1). All the three specimens provided a different 
value of load which was resisted by the material before 
fracture.

 Group A presented a mean value of load applied 
to specimens before fracture as 24 Newton. Minimum 
and maximum load applied before the fracture occurred 
was 23 and 25 Newton. Standard deviation of group A 
was one (Table 2).

Group B:

 A different frequency and percentage was obtained 
than group A (Table 3).

 Mean force recorded to produce the fracture for spec-
imens produced by the dental amalgam incorporated 
material was 28.33 Newton. Minimum and maximum 
values were 28 and 29 Newton with standard deviation 
of 0.57 (Table 4).

by incorporation of dental amalgam powder in to it. 
Both test and control materials were then evaluated at 
universal testing machine. Comparison was performed 
on the basis of flexural strength due to the diversity 
of three point bending test. Due to the usefulness of 
flexural strength determination for composite filling 
materials this test was employed. Nano filled hybrid 
composite filing material was used in this study because 
of its high performance in posterior teeth.12

METHODOLOGY

 This experimental study was conducted in science of 
dental material department Gandhara University and 
Central Research Laboratory, Peshawar University. 

MATERIAL SELECTION AND PREPARATION

 Commercially available dental amalgam powder 
was purchased and treated with acetone in an ultra 
sonic bath for a complete cycle. Then it was heat treated 
in an electric oven at 90˚C for 24 hours for complete 
removal of acetone.

MIXING OF MATERIALS

 The treated material was then poured in a capsule 
which was clean and free of any amalgam or mercury. 
Dental amalgam powder and dentine bonding agent 
were added in the capsule in a ratio of 80% by weight 
of amalgam (Fig 1). Capsule was sealed by sticky wax 
to stop the spillage of the material through it. Mixing 
was commenced through an amalgamator (Fig 2). 
Speed of amalgamator was set at low and it was given 
a time of 10 seconds to ensure thorough mixing of both 
the constituents. A commercially available nano filled 
hybrid dental composite was taken in another capsule. 
Composite and prepared material was added in a pro-
portion of 1:0.05 grams by weight. The material was 
then fixed in amalgamator and activated it for mixing 
at high speed for 99 seconds.

PREPARATION OF SPECIMENS

 Prepared material was then taken to the stain less 
steel mold which was prepared according to the ISO 
specification No. 4049 for specimen production. A glass 
slab was placed under the mold material was filled 
in the slot and another glass slab was pressed on the 
mold filled with the material. Through this process the 
excess material comes out of the mold then the material 
was cured using the window technique. Curing time 
was kept 30 seconds for each portion under the light 
source. Curing was done from both of the sides of the 
specimen. After the curing was complete the glass slabs 
were removed. Glass slab when removed from the mold 
takes about half of the material adhered to it (Fig 3). It 
was an indication of under cured material in the mold. 
Which was confirmed by half of the material remained 
in the mold (Fig 4).
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TABLE 2: MEAN, MINIMUM, MAXIMUM AND 
STANDARD DEVIATIONS OF GROUP A

N       Valid 3
Missing 0
Mean 24.0000
Median 24.0000
Mode 23.00a
Std. Deviation 1.00000
Variance 1.000
Minimum 23.00
Maximum 25.00

TABLE 3: GROUP B FREQUENCIES AND 
PERCENTAGES

Valid Fre-
quency

Per-
cent

Valid 
Percent

Cumulative 
Percent

28 2 66.7 66.7 66.7
29 1 33.3 33.3 100.0

Total 3 100.0 100.0

TABLE 4: MEAN, MINIMUM, MAXIMUM AND 
STANDARD DEVIATIONS OF GROUP B

Valid 3
Missing 0
Mean 28.3333
Median 28.0000
Std. Deviation .57735
Variance .333

TABLE 5: PAIRED SAMPLES COMPARISON OF 
BOTH GROUPS

Mean N Std. De-
viation

Std. Error 
Mean

Pair 
Group A

24.0000 3 1.00000 .57735

Group B 28.3333 3 .57735 .33333

TABLE 6: PAIRED SAMPLES CORRELATIONS

N Correlation Sig.
Pair 1 Group A & B 3 .000 1.000

TABLE 1: GROUP A FREQUENCIES AND 
PERCENTAGES

Valid Fre-
quency

Per-
cent

Valid 
Percent

Cumulative 
Percent

23 1 33.3 33.3 33.3
24 1 33.3 33.3 66.7
25 1 33.3 33.3 100.0

Total 3 100.0 100.0

Fig 1: Weighing dental amalgam powder

Fig 2: Sealed capsule

Fig 5: Prepared specimens

Fig 3: Fractured material attached to the glass slab

Fig 4: Fractured material in the mold
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Flexural strength obtained for both groups 

 By calculating the values obtained, the flexural 
strength for group A was 90 MPa. 

 Flexural strength of the group B was 106.12 MPa 
which was quite higher than group A.

 There was a significant difference between the two 
groups on the basis of test statistics.

PAIRED STATISTICS

 Paired sample statistic also provided a marked 
difference of 4 Newton when compared both the groups 
(Table 5). Paired samples correlation was found 0.00 and 
significance on the basis of correlation was one (Table 
6). Two tailed t test showed a test statistic value of 0.02 
which is less than 0.05 which is our p value (Table 7). 
Results showed a significant difference between the 
two groups. The study will have a potential of rejecting 
the null hypothesis.

DISCUSSION

 This pilot study was performed to test the feasi-
bility of a study aimed to evaluating flexural strength 
of a nano filled hybrid composite filling material by 
incorporation of dental amalgam powder. The proposed 
ratio was 1:0.05grams by weight of prepared composite 
in to the parent composite. This was found to be much 
higher and in spite of increasing the flexural strength 
of material it decreases the depth of cure. Which was 
addressed and it comes out to be a complete study which 
is reported through this publication.

 Results obtained through this study were in accor-
dance of previous conclusions that filler content can 
increase the strength of composite filling materials.13,14 
Materials were prepared with same loading ratio of 
fillers and different microstructures by manufacturers 
and these are available commercially.15 Composites 
after research and innovations in their formulation and 
presentations still lacking strength to withstand the 
loads at stress bearing areas. Materials were used to 
reinforce the composite materials.16 Current study is in 
continuation of the research process to determine the 
effects of dental amalgam powder in to the composite.

 Problem with the composite filling material was 

found to be the fracture resistance is much lower than 
amalgam. Incorporation of dental amalgam powder is 
a novel idea. Particles of dental amalgam produce re-
inforcement of the composites in improving its flexural 
strength. Results of increase in flexural strength due 
to filler particles were consistent with other studies.17 
Mechanical properties were improved by incorporation 
of 70% zirconium silicate micro and nano particles 
in composite. Improvements in compressive, tensile 
(diametrial) and flexural strength were evaluated and 
confirmed to be positive.18

 Titanium oxide incorporated composites are used in 
orthodontic bonding system.19 Present study evaluated 
the dental amalgam powder incorporated composite.

 A problem found with incorporation of dental 
amalgam powder was increased curing time. Standard 
curing time adopted in studies was 20 seconds.20 Almost 
all materials found to be cured after 20 seconds curing 
time was found in another study. Manufacturers of 
different commercially available materials were also 
provided the minimum curing time for curing of com-
posites. Curing for a sufficient time was advocated in 
studies to achieve maximum benefits.21

CONCLUSION

 It should be concluded through the pilot study and 
test statistics that incorporation of dental amalgam 
powder increases the flexural strength of the composite 
material.
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