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Dental Materials

INTRODUCTION

 Poly methyl methacrylate (PMMA) is most widely 
used in dentistry as a denture base material.1Its main 
advantages includes ease in fabrication, good esthetic 
and low cost. Due to its advantages this material has 
many applications including biomedical and dental 
prosthesis. The main disadvantages of PMMA are its 
poor strength characteristics including flexural and 
impact strength.2

 Flexural strength PMMA resin is not adequate 
to withstand variety of intraoral stresses generated 
during function.3 Many people attempted to strengthen 
the PMMA by reinforcement.4 These reinforcement 
methods includes, incorporation of a rubber phase 

polymer, acrylic elastomer, metal wires, cast metal 
plates, various types of fibers including carbon, aramid 
(Kevlar), glass and polyethylene fibers etc, following 
mechanical problems like reduction instrength, poor 
adhesion, corrosion and poor aesthetic were observed.1-5

 Approaches to strengthen the acrylic resin polymer 
have also included the incorporation of metal powder 
as fillers like silver, copper and aluminum etc. Though 
they have increased the strength, yet all of them are 
capable of producing pathological problems in the 
human body.6-9 Zinc is an essential mineral of the 
human body, non-carcinogenic, non-radioactive and 
biocompatible.2 So the purpose of this experimental 
study was to develop a modified heat cure PMMA resin 
reinforced with zinc powder having better mechanical 
properties. The objective of this study was to measure 
the flexural strength of heat cure acrylic denture base 
resin after reinforcement with zinc nano particle powder 
in different concentrations by weight and to compare 
it with conventional heat cure acrylic resin.

MATERIALS AND METHODS

 This in vitro experimental study was conducted at 
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the Department of Science of Dental Materials, Sardar 
Begum Dental College, Gandahara University, Pesha-
war .Twenty five specimens on the basis of three factors 
i.e. cost, time and logistics were included in the study. 
They were free from any material defect e.g., visible 
porosity, cracks, fracture and pre-test bends.

 All the 25 samples were divided into five groups 
and each group had 5 samples.

• Group A-----Control group (zinc free group) = 100 
% acrylic

• Group B----- 5% wt zinc reinforced group = 5 gm 
zinc + 95 gm acrylic resin

• Group C-----10% wt zinc reinforced group = 10 gm 
zinc + 90 gm acrylic resin

• Group D----15% wt zinc reinforced group = 15 gm 
zinc + 85 gm acrylic resin

• Group E-----20 % wt zinc reinforced group = 20 gm 
zinc + 80 gm acrylic resin

 For the sample preparation a schematic diagram 
was developed in Auto CAD software. Later on this 
visual scheme was materialized by constructing a die 
with five molds in it.

 A low grade steel alloy die was made by milling. 
A solid block of the alloy was worked on by milling 
machine to make five rectangular molds. Each mold 
was 3 mm in depth, 80mm in length and 10 mm in 
width(ISO 20795-2:2013 , Slandered NO 139). Five 
silver wafers of (80mm x10mm x3mm) were made in 
such a manner that they would snuggly fit into their 
corresponding molds. The purpose of the wafers was 
to press the material, at dough stage, into each mold 
in a forceful manner. By employing this technique it 
was made possible to reduce the chances of porosity in 
the cured specimens. To extract the extra material out 
of the molds, two bleed holes of even size were drilled 
on two sides of each mold 2mm width.

 For control group heat cure Poly methyl methacry-
late (Meliodent, HeraeusKulzer Ltd, Berkshire, Germa-
ny) were mixed according to manufacturer's instruction. 
The mix was allowed to reach a dough stage. At dough 
stage the material was packed into the five molds of 
die. The die was then pressed in a manual press until 
the extra material bled out of each mold through the 
bleed holes. The specimens were then transferred to a 
water bath for curing. Curing was carried out by plac-
ing the pressed die in a water bath and processed by 
heating at 74°C for ninety minutes; the temperature 
was then raised to 100 ºC for next 30 minutes. It was 
then allowed to cool slowly to room temperature. It was 
opened and the specimens were further processed for 
polishing. The polishing was carried out with 600 grit 

silicon carbide abrasive paper. 

 The specimens of the interventional groups were 
prepared by the same protocol which was adopted for 
the preparation of control group except the addition of 
zinc powder(General Purpose Reagent, BDH Ltd Poole, 
England) which was added in 5%, 10%, 15%, and 20% 
w/w to acrylic resin respectively. 

 After curing and cooling all the specimens were 
removed from the mold. All the specimens were thor-
oughly examined for any discrepancy and porosity. 
The correct samples were polished with 600 grit silicon 
carbide paper in wet conditions to avoid temperature 
induced distortions in specimens.The polishing was 
then carried out of all samples. Finally the widths 
and thicknesses of all specimens were measured with 
digital vernier caliper. The finished specimens were 
stored in deionized water at room temperature for two 
weeks prior to testing.

 After the fabrication and polishing, all the speci-
mens were tested with three point bending test machine 
(100KG-2T Tensile Test Machine) to determine the 
flexural strength value for each specimen. After fixing 
the specimen in the machine an incremental load was 
applied with a cross head speed 5mm/min until fracture 
occurred. The ultimate flexural force was that load on 
which the specimen got fractured.

 All specimens were tested and the results were 
recorded on pre structured proforma. The following 
formula was used to calculate the modulus of rupture 
(Mr), as follows

 Where W is the fracture load (N); L is the test span 
(80 mm), B is the width of the specimen (10 mm); D is 
the thickness of the specimen (3 mm). The mean value 
of each group was calculated. One-way analysis of vari-
ance (ANOVA) with 95% significance was applied by 
using SPSS version 21 with a p value less than 0.005 
as significant and F value l.

RESULTS

 The flexural strength of each sample in a group was 
determined individually. (Table 1).One way ANOVA 
test was applied to compare the flexural strength of 
each interventional group with the group A(Control 
group).

 The findings of the ANOVA test of group A with B 
group showed insignificant result with F value of 0.294 
and the P value was 0.224. F and P values indicate 
that there are no significant differences between the 
flexural strength values of group A and Group B. The 
ANOVA analysis between group A with C also showed 
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insignificant F 0.268 and P value 0.203. The statistical 
analysis of control group A versus group D showed was 
also insignificant (F=0.196 P= 0.194). There was a sig-
nificant difference found in the strength between the 
groupsA and E with F value 0.018 and P value 0.015. 
The flexure strength of E was reduced approximately 
2/3rd.

DISCUSSION

 The commonly and most widely used resin for den-
ture base is PMMA.11-13 Several materials and methods 
have been used to improve the strength of the acrylic 
resin. 1-6These additions have increased the flexural 
strength of PMMA. The flexural strength was improved 
after reinforcement with carbon graphite, aramid and 
glass fibers.10 Study showed that the calculated flex-
ural strength of the denture base PMMA reinforced 
with metal or glass rod was higher than that of the 
unreinforced denture base PMMA.10Another study 
found that the flexural strength of denture polymer 
material reinforced with carbon fiber increased by 35% 
compared to that of unreinforced.3 It was concluded that 
the flexural strength increased 6% by reinforcement 
with carbon fiber and aramid fiber. 4But as compared 
to studies mentioned above this study results showed 
that flexural strength had decreased with addition of 
Zinc nano powder. This decrease of flexural strength 
of modified acrylic resin may be due to irregular 
distribution of Zinc powder particles into the acrylic 
resin which caused stress concentration due to filler 
agglomeration.2Previous studies14-20 reported that 
chemical bonding or chemical affinity increased the 
flexural strength of the test specimens reinforced with 
carbon fiber. The bond between the filler and matrix is 
essential to the longevity of the material. The second 
reason for this low strength may be that zinc powder 
and PMMA powder are chemically different with no 
affinity for each other. 3-6,10 The Zinc particles remain as 
a distinct phase in cured PMMA matrix providing weak 
fault lines in finished prosthesis when it is subjected to 
heavy compressive/tensile stresses. The third reason for 
the low calculated strength of the zinc modified groups 
is lack of coupling agent between the Zinc powder and 
PMMA powder which decreases the bonding between 
filler particles and the acrylic resin. This suggests that 

to get a strong PMMA resin better bonding between the 
zinc particles and acrylic resin should be established 
between the two subjects with bonding agent. From 
the present study, it is concluded that: The specimens 
of heat-curing acrylic resin reinforced with different 
loading ratio of zinc powder provided inferior flexural 
strength than those with normal acrylic resin.

CONCLUSION

 Conclusion of this study was that the flexural 
strength of a heat cure PMMA denture resin could not 
be improved statistically after reinforcement with Zinc 
powder in different concentrations.
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