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Introduction
Recently, dental implants are increasingly used in the treatment 

of edentulous patients, but conventional complete dentures are 
still the treatment of choice in many cases due to medical and 
financial reasons [1]. Historically, materials such as bone, wood, 
ivory, and vulcanized rubber were used for denture bases; but 
now Poly (Methyl Methacrylate) (PMMA) is commonly used for 
the construction of removable partial or complete dentures [2,3]. 
This material is frequently used because it has various advantages, 
including low cost, biocompatibility, ease of processing using 
relatively simple techniques, stability in the oral environment, and 
acceptable aesthetics [4,5]. In spite of its advantages, PMMA has 
several limitations, one of these disadvantages is its poor mechanical 
property that causes denture base to break easily [6]. Denture base 
resins should have enough strength and toughness to withstand 
forces generated during function and being dimensionally stable 
for many years under varying thermal conditions [4].

Denture base resins are subjected to a multiplicity of stresses 
during function. Denture fractures may be resulted from a 
flexural fatigue failure because of cyclic deformation of the base 
during function. Impact fracture, on the other hand, may result 
from accidental dropping of the dentures by the patients [7]. The 
chemistry of PMMA has developed over the years [4]. Although 
all of enhancements have greatly improved several properties of 
PMMA, it still has the inherent disadvantage of having a relatively 
low strength. Several attempts have been carried out to improve 
the properties of PMMA by using different curing methods and/
or incorporating fibers or fillers in its composition as well [5,8,9]. 
Addition of fillers and fibers to PMMA is widely used method 
to improve both its physical and mechanical properties [5]. 
These additions may include Fibers [glass fiber, polyamide fiber, 
polyethylene and polypropylene fibers, natural fibers], Fillers 
[Metal oxides: Alumina (Al2O3), Zirconia (ZrO2), Titanium Dioxide 
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ARTICLE INFO abstract

 Poly (Methyl Methacrylate) (PMMA) is commonly used for the construction of 
removable partial or complete dentures because it has various advantages. However, it 
has also several limitations, one of these disadvantages is its poor mechanical property 
that causes denture base to break easily. Aim of the present study was to evaluate the 
effect of incorporating Basalt Powder (BP) into a conventional heat-cured acrylic resin 
in different concentrations on the Flexural Strength (FS) of the PMMA. A compression 
moulding technique was used to process 40 rectangular acrylic resin specimens (64 
mm length × 10 mm width × 3.3 mm thickness). Specimens were equally divided into 
four groups according to the ratio of basalt powder added to acrylic resin: group A: 0% 
wt (control group), group B: 1% wt, group C: 2% wt, and group D: 5% wt of BP. The 
specimens were tested using a three-point bend test. Collected data were analyzed with 
One-Way Analysis of Variance (ANOVA) at significant level of 0.05 to determine whether 
there were any statistically significant differences between the four independent groups. 
ANOVA was followed by Bonferroni test to determine which groups differed from each 
other. Specimens reinforced by 1% wt BP (group B) exhibited a higher mean FS compared 
to the control group (group A) and the two other groups. It could be concluded that 
adding basalt powder up to 2% wt may improve the flexural strength of the acrylic resin.
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(TiO2); Noble metals: Silver (Ag), Nano-Gold (Au), Platinum (Pt), 
Palladium (Pd); Minerals: hydroxyapatite fillers, Silicon Dioxide 
(SiO2), silica-based filler; Carbon family fillers: nano-carbon, nano-
diamonds], and Hybrid fiber reinforcement [10].

Singh et al. [11] demonstrated that reinforcement with 2% 
and 5% glass fibres showed statistically significant improvement 
in the Flexural Strength (FS) of the PMMA. Also, the incorporation 
of Aramid fibers and Oil palm empty fruit bunch (natural fibers) 
has been suggested to increase the FS of acrylic resin [12,13]. 
Conversely, addition of Polyethylene fibers to the acrylic resin did 
not have a significant effect on the transverse strengths [14].

Several studies have recommended using fillers to strengthen 
denture base resin [10]. Reinforcement of PMMA with metal oxides 
improved the physical and mechanical properties of the material 
[15-17]. Addition of Aluminium Oxide (Al2O3) fillers to heat 
polymerized acrylic resin led to increased FS [18,19]. Moreover, 
silane-treated aluminum particles significantly increased the FS 
and wear resistance of PMMA [20]. On the other hand, modification 
of heat-cured acrylic resin with zirconia (ZrO2) may be useful in 
preventing denture fractures and undesirable physical changes 
resulting from oral fluids clinically [21,22]. Merging zirconia 
nano-particles NPs was proposed to improve the mechanical 
properties of PMMA [23]. Incorporation of nano-ZrO2 into the 
repair resin improved the FS of repaired denture bases especially 
with high nano-ZrO2 concentrations [24]. Furthermore, using of 
silane coupling agent may improve the FS of PMMA/ nano- ZrO2 
composite resin material of denture base plate [25]. In addition to 
the above, ZrO2 nanotubes had a better reinforcement effect than 
ZrO2 nanoparticles [26].

According to Safi [27] modifying acrylic resin by addition of 
Titanium Dioxide (TiO2) in 5% by weight may lead to thermal and 
mechanical stability more than non-modified one. Reinforcement 
of PMMA with different concentrations of TiO2 nanoparticles or 
3% wt of silanized TiO2 Nano particles revealed higher FS than 
those of normal PMMA [28,29]. In contrast, Ahmed et al. [30] 
concluded that incorporation of TiO2 nanoparticles into acrylic 
resins could adversely affect its FS. Adding Silver Nanoparticles 
(AgNPs) or Gold Nanoparticles (AuNPs) to PMMA significantly 
increased viscoelastic properties [31,32]. As well as, It was 
found that platinum and palladium significantly augmented the 
bending strength of PMMA [33]. The addition of hydroxyapatite 
or hydroxyapatite nanoparticles also improved the mechanical 
properties of the PMMA [34,35]. Mixing nano Silicon Dioxide 
(SiO2) powder with acrylic resin improved the transverse strength 
of PMMA [36]. However, Cevik and Yildirim-Bicer concluded that 
the silica nanoparticles (SiO2NPs) incorporation into acrylic resin 
decreased the flexural strength of the acrylic resin [37]. 

Multiple-Wall Carbon Nano-Tubes (MWCNTs) could be used 
as an effective reinforcement material for denture base resin 
[38,39], Whereas the study of Qasim et al. [40] revealed that the 
effect of carbon nano tubes on flexural properties of PMMA were 

not statistically significant. Protopapa et al. [41] proposed to use 
Nano-Diamonds (NDs) to reinforce the PMMA because they found 
that fracture toughness of PMMA increased as the ND percentage 
increased up to 0.38% wt. Based on the above, several PMMA 
denture base resin types are available today. Their compositions 
are similar but small variations lead to different physical 
properties. Although all of these efforts to improve the acrylic resin 
base material, it is still not ideal in every respect, especially when 
meeting with mechanical requirements of prosthesis [42].

The purpose of this study was to evaluate the effect of 
incorporation of different concentrations of Basalt Powder (BP) 
into a conventional heat-cured acrylic resin on the FS of a PMMA. 
The null hypothesis was that there are no significant differences in 
the FS among the test groups of different BP concentrations.

Materials and Methods
Ethical clearance for the study was obtained from Ethical 

Committee of Faculty of Dental Medicine at Damascus University. 
A total of 40 rectangular acrylic resin specimens were fabricated. 
The specimens were equally divided into four groups according 
to the ratio of BP added to acrylic resin. Group A: 0% wt (control 
group), group B: 1% wt, group C: 2% wt, and group D: 5% wt of BP. 
In according to The General Establishment of Geology and Mineral 
Resources in Syria, the chemical structure of the used basalt is 
(SiO2: 42-47%, Na2O + K2O: 4-6%, Al2O3: 13-17%, CaO: 5-9%, MgO: 
7-10%). Basalt powder used in the study was obtained from rocks 
in southern Syria. A power analysis (using G*Power Version 3.1.5) 
was performed to determine the required sample size. Heat‑cured 
acrylic resin specimens measuring 64 mm × 10 mm × 3.3 mm were 
fabricated according to ISO 20795-1 [43]. 

Rectangular metal dies of dimensions 64 mm length × 10 mm 
width × 3.3 mm thickness were used for measuring FS. A vinyl 
polysiloxane putty (Vertex Castil 21, Vertex dental, Zeist, The 
Netherland) matrix was created from these dies. Pink base plate 
wax was then dripped into the matrix to form wax duplicates. 
A compression molding technique was applied to preparing all 
specimens. The wax plates were invested in artificial type III dental 
stone (Durguix, Hard natural stone, Protechno, Gerona, Spain) using 
conventional flasks. The flask was placed in boiling water for 4 to 6 
minutes to soften the wax. Then it was removed from the water, and 
the two halves of the flask were separated. The wax is removed, and 
the residual wax was washed out with a stream of boiling water. 
After the stone was dried, the inside of the mould was painted twice 
with a separating medium with a camel hairbrush. 

The heat-polymerized acrylic resin (Vertex Regular, 
Vertex dental, Zeist, The Netherland) was mixed according to 
manufacturer’s instruction. For fabricating bazalt reinforced test 
specimens, the basalt filler and PMMA were pre-weighed in order 
to ensure a filler concentration of 1%, 2% and 5% by weight. Mixing 
and blending were done to obtain a regular and uniform mixture. 
The resultant mixture was then mixed with monomer. When the 
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mixture reached a dough consistency, it was packed in the mould 
[7]. A sheet of separating plastic was applied between the stone 
and the acrylic resin. The flask was closed and submitted to trial 
packing procedure [7]. The final closure was at 24.13 N/mm2 and 
maintained for 30 min. The acrylic resin was polymerized in water 
with long polymerization cycle. The polymerizing unit (Hanau 
Engineering Company, Buffalo, N.Y., U.S.A.) was controlled to raise 
the temperature to 74˚C at 1 hour, and then kept at 74˚C for 8 hours. 
After polymerizing and cooling inside the water bath to room 
temperature, deflasking was carefully completed. Specimens were 
evaluated to ensure absence of voids or gross irregularities with 
3.5× magnification. Specimens were then finished with 400 and 
600-grit sandpaper. The dimensions of all specimens were checked 
by digital caliper, which can record changes as small as 0.01 
mm. Prior to flexural strength test, all specimens were stored in 
distilled room temperature water 17 days for conditioning [4]. The 
specimens were tested using a three-point bend test in accordance 
with ISO 20795-1 [43] guidelines for denture base polymers.

The three-point bending test was done by Universal Testing 
Machine (DY-34 ADAMEL LHOMARGY, FRANCE) at a crosshead 
speed of 5 mm/min (Figure 1). The peak load (rupture load) was 
converted to FS by the formula: [28]

FS = 3PL/2bd2

Where FS = flexural strength (N/mm2); P = load at fracture; L = 
distance between jig supports; b = specimen width; d = specimen 
thickness.

Figure 1.

Data was analyzed using statistical software (SPSS version 
18.0). The One-Way Analysis of Variance (ANOVA) at significant 
level of 0.05 was used to determine whether there were any 
statistically significant differences between the four independent 

groups. ANOVA was followed by Bonferroni test to determine which 
groups differed from each other.

Results
Mean values of FS for the four test groups are illustrated in 

Table 1. Specimens reinforced by 1% wt BP (group B) exhibited the 
higher mean FS in comparison with the control group (group A) and 
the two other groups (group C and D) (p˂0.05). Flexural strength 
of group C (specimens reinforced by 2% wt BP) was significantly 
more than FS of group A and D only (p˂0.05). However, group D 
(specimens reinforced by 5% wt BP) demonstrated the lowest FS 
(p˂0.05) (Table 2).

Table 1: Mean, standard deviation, minimum and maximum 
values of flexural strength (MPa) for the test groups.

Groups N Mean Std. Deviation Minimum Maximum

A 10 78.4620 3.52585 72.88 83.12

B 10 90.5150 3.17103 84.99 95.55

C 10 83.6880 3.30705 76.84 87.77

D 10 73.2580 4.31064 65.22 78.21

Table 2: Multiple comparisons (Bonferroni test).

(I) Group (J) Group Mean Difference (I-J)

A B -12.05300*

C -5.22600*

D 5.20400*

B A 12.05300*

C 6.82700*

D 17.25700*

C A 5.22600*

B -6.82700*

D 10.43000*

D A -5.20400*

B -17.25700*

C -10.43000*

Discussion
Acrylic resin has been still used to fabricate approximately 95% 

of the denture bases [15]. It is a commonly used material in the 
field of prosthodontics because of its advantages such as esthetics, 
dimensional stability, ease in manipulation and processing [44,45]. 
However, it has disadvantages like reduced mechanical strength, 
low thermal conductivity, and high coefficient of thermal expansion 
[46], which make it far from being an ideal denture base material. 
So, several efforts are being made to improve its properties. Acrylic 
resin dentures fracture may be occurred primarily because of 
impact or fatigue failure [44]. Thus, there are usually two types 
of failures, first is caused due to high stresses outside the mouth 
(impact failure) and second is due to repeated low stresses inside 
the mouth (fatigue failure) [44,47,48].

There are three ways to improve the mechanical properties of 
PMMA. These ways include replacing PMMA with an alternative 
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material; chemically modifying it; and reinforcing the PMMA with 
other materials [9,49]. Also, different denture designs have been 
made to decrease stress such as increasing the thickness of the 
denture base. However, if the thickness of denture base increases, 
the tongue space reduces and that will affect speech adversely [50].

The current research aimed to assess possible improvements 
in the FS of PMMA, through incorporating BP. Three-point bending 
test simulates the type of stress applied to the denture during 
mastication, so it is used to identify the FS of a material [51]. The 
present study was done to compare the effect of BP addition on FS 
of heat cure denture base acrylic resin processed by conventional 
water bath technique. The results clearly revealed the highly 
significant increase in FS of specimens prepared by adding 1% wt 
and 2% wt BP with p value = 0.000, 0.015, respectively (p<0.05). 
This increase in FS can be attributed to transformation toughening. 
When adequate stress develops and microcracks initiate to 
propagate, the transformation phenomenon occurs, which reduces 
energy for crack propagation [52]. So, a suitable distribution of the 
filler within the matrix can stop or deflect cracks [53].

On the other hand, the results showed that increasing the 
percentage of BP to 5% wt reduced the FS. This decrease in FS 
at higher concentration may be explained on the basis of the 
quality of distribution of BP. Basalt powder agglomeration may be 
occurred which adversely affects on the FS of the specimens. This 
phenomenon concentrates the stress on particular points (basalt 
powder) in the resin phase and spreads the crack easily through the 
unfilled parts of the resin matrix. This can be the main reason for 
crack propagation that leads to matrix fracture and reduction in FS.

Reduction in FS at higher concentration (5% wt) of filler may be 
due to a decrease in the cross-section of the load-bearing polymer 
matrix, stress concentration because of too many filler particles, 
changes in mode of crack propagation through the specimen due to 
an increased amount of fillers, and void formation from entrapped 
air and moisture [9,18]. The main disadvantage of adding BP to 
acrylic resin includes acrylic resin discoloration, it makes the 
acrylic resin dark and it will make the denture base unaesthetic. 
However, this study revealed that small concentrations of BP 
(1% wt) had unimportant effect on the color of specimens. With 
higher concentrations, it is advisable to use BP incorporated resin 
in hidden areas such as lingual flanges of mandibular denture and 
midpalatine region of the maxillary denture. 

The clinical implications of this study suggest that BP 
incorporation into PMMA can produce denture base resins with 
higher FS, provided that the ratio of BP does not exceed 2% wt. 
Thus, addition of BP to PMMA may have a positive effect on the 
longevity of complete dentures. The present in vitro study has some 
limitations. Only one type of acrylic resin was used and only one 
polymerization technique was applied. Further research is needed 
to understand the effect of adding BP on the mechanical properties 
of acrylic resin.

Conclusion
Within the limitation of the current investigation, it could be 

concluded that adding BP up to 2% wt may improve the FS of the 
acrylic resin.
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Highlights
a.	 Poly (methyl methacrylate) (PMMA) is commonly used 
for construction of removable partial or complete dentures. 

b.	 Acrylic resin denture bases are vulnerable to fracture 
during function. So, several efforts have been made to 
strengthen denture base resin. 

c.	 Three-point bending test simulates the type of stress 
applied to the denture during mastication, so it is used to 
identify the flexural strength of a material.

d.	 It could be concluded that adding basalt powder up to 2% 
wt may improve the flexural strength of the acrylic resin.
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