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ABSTRACT
Aim: Examine the influence of Zinc Oxide (ZnO) nanoparticles on the flexural strength hardness and surface roughness of 3D
printed denture base resin.
Materials and methods: The study was conducted by adding ZnO nanoparticles in concentrations of 2%, 3% and 4% to 3D
printed denture base resin and assessing the influence of the addition on some mechanical and physical characteristics of
the resin, including flexural strength, hardness and surface roughness. The findings were evaluated using descriptive
statistics (standard deviations and means), Analysis of Variance (ANOVA) and duncan's multiple range tests using the SPSS
software.
Results: The results showed statistically significant increases in flexural strength values for nanoparticles employed at all
concentrations, with the highest flexural strength seen at the 3% concentration. The findings also showed that the shore D
hardness was not affected by the nanoparticle’s additions. All concentrations employed in the investigation resulted in a
statistically significant reduction in surface roughness.
Conclusion: ZnO appeared to be a viable material for addition to the 3D printed denture base resin, as it boosted flexural
strength while lowering surface roughness, although the hardness appeared to be unaffected.
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INTRODUCTION

Acrylic resin is one of the most well-known materials used 
to manufacture partial and complete dentures. It was 
developed for dental use after its invention in 1937. 
Acrylic resins contain numerous types of activators that 
initiate polymerization and material hardening; heat cure 
acrylic is the most often used material in denture 
manufacture [1,2].
Low mechanical qualities of heat cure acrylic led to 
polymerization shrinkage and flaws in the final prosthesis, 
necessitating a new fabrication procedure and a new 
replacement. Another major drawback of heat cured 
acrylic is that it takes lengthy processing processes and 
extended fabrication time with a trained technician who 
can create a fine wax model to be replaced by acrylic resin. 
Increasing the number of processes and materials utilized

in the process increases manufacturing mistakes and
reduces the quality of the finished prosthesis [3-5].
As technology advances, new computerized processes for
the manufacture of dental prostheses emerge. The
development of 3D printers (also known as additive
manufacturing technology) is one of these technologies
[6]. In the 1980’s 3D printing technology was suggested
[7]. The first 3D printing technology is photo curable
printing. The technology is based on photo polymerization
and photosensitive liquid resin is utilized as the material
[8].
Three dimensional printing has a high printing resolution
that can print objects as small as 50 m. Therefore, it has
the benefit of printing smaller objects with high precision
[9]. Due to the excellent accuracy and rapid
polymerization rate of photo curing, models may be
swiftly produced due to the technique's polymerization
rate. A further advantage of 3D printers is that they
eliminate the requirement for several laboratory
procedures of molding and lengthy steps of conventional
heat cured acrylic resin prostheses [10,11].
Despite the numerous advantages described for 3D
printers, the resin substance has weaker characteristics
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compared to traditional materials such as heat cure
acrylic and CAD-CAM resin [12,13].
Nanoparticles are being utilized in material science for
their resistance to wear and tear and anti-corrosion
properties. The modification of filler size enhances the
material's characteristics [14].
In recent years, ZnO nanoparticles have garnered more
interest as one of the multipurpose inorganic
nanoparticles due to their unique optical, biochemical,
electrical, biological, biocompatibility, cheap cost, non-
toxic and long term environmental stability [15].
Salahuddin, et al. and Vikram and Chander reported that
the inclusion of ZnO nanoparticles at various
concentrations raised the flexural strength of acrylic
resin while also enhancing some physical and mechanical
aspects of denture base acrylics [16,17].

MATERIALS AND METHODS

Samples preparation

To produce a homogeneous combination of the
nanoparticles with the resin, the weighted nanoparticles
were added to the resin and combined in a mechanical
mixer for 60 minutes at 500 revolutions per minute
before being put in an ultrasonic vibrator with 40 watts
of power for another 60 minutes to guarantee the
nanoparticles were evenly distributed in the resin [18].
The computer application Lychee Slicer® is used to
construct 3D modules, which are then saved as STL files
and utilized to conduct various tests on the study
material. Samples designed in 3D are given a base and
support and their slicing and printing settings are
adjusted before they are exported to the printer.
The commercial 3D printer Anycubic photon mono®
(Shenzhen, China) is utilized [19]. According to the
manufacturer's instructions, the Z axis thickness of the
employed slices is 50 microns and the curing time is 7
seconds per slice. Each batch of samples of the same
material had been printed on the same plate, using the
same printing cycle, at the same settings and in the same
room temperature environment, in order to eliminate
any variance in conditions and standardize the samples.
Upon completion of the printing process, the group of
samples is sent to the Anycubic® washing and curing
machine (Shenzhen, China) and according material
manufacturer's instructions. The samples were cleaned
for four minutes in a spinning machine with 99 percent
isopropyl alcohol to remove uncured resin and minimize
the amount of residual monomer on the samples' surface.
The base and support access materials are carefully
removed with a sharp blade and the samples are
examined for flaws.
The samples were then taken from the spinning washing
machine and dried with moderate air pressure for thirty
seconds before being reintroduced to the curing machine
to finish the curing cycle using blue light with a

wavelength of 405 nm and a spinning curing table for
forty five minutes [20].

Experimental tests of the study

Flexural strength: According to ISO (20795-1:2013)
requirements, (64 × 10 × 3.3 ± 0.2) mm specimens were
made for each of five groups, totaling twenty specimens
[21]. Before testing, all specimens were stored for (48 ±
2) hours at 37°C in deionized distilled water [22,23].
This test utilized three points loading using universal
testing machine (Gester, total testing solution). In
accordance with ISO (20795-1:2013) requirements, the
test machine is equipped with a central loading plunger,
two supports with a 3.2 mm radius polished cylindrical
surface and a 50 mm spacing. The supports are parallel
to one another and perpendicular to the center line. The
loading plunger is positioned midway between the two
supports. The force velocity was 5 mm/min. The test was
conducted at a constant rate of 5 mm/min [24]. The
specimen was deflected while the loading plunger force
steadily increased from zero until fracture and the
fracture load was documented in Neutin. The following
formula was used to calculate the flexural strength in
mega pascal [25].
σ=3FL/2bh2

Where, F:Maximum load before fracture; L:Distance
between the supports; b:Width of the specimen; h:Height
of the specimen.
Surface roughness: Twenty samples were
manufactured, five for each group and measuring 12 mm
by 12 mm by 3 mm. The samples were conditioned in
deionized distilled water at room temperature 37°C for
(48 ± 2) hours (ISO, 20795-1:2013).
The test was conducted with a portable roughness tester
(TR 220, beijing, time high technology Ltd, China). Three
measurements are conducted in various directions for
each sample and the average result is determined as the
mean roughness reading. The device's optical lens rotates
along a length of 11 mm to capture the micro
irregularities of the surface and produce a chart for the
surface with the average reading for each individual test
[26,27].
Hardness: Five specimens were prepared for each group,
each measuring 12 mm by 12 mm by 3 mm in accordance
with ISO (20795-1:2013). The samples were conditioned
in deionized distilled water at room temperature for (48
± 2) hours 37°C. The test was conducted with a digital
durometer hardness tester (shore D) (TH 210, Beijing,
time high technology Ltd, China). For each specimen, five
readings were collected and the mean value was
determined. The instrument comprises of a blunt
indenter (0.8 mm in diameter) that is housed in a
cylinder (1.6 mm in diameter) that is connected to a
digital screen that displays values from zero to one
hundred units. The specimen was placed on the solid
plane of the device and the indenter was held near to the
specimen's center. On the sample, a fixed minor load of
44.5 N was applied. The durometer tester automatically
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translates the relative movement of the indenter
immediately after each indentation to a scale of 0 to 100
units [28].

RESULTS

Flexural strength

The means and standard deviation for flexural strength
values for all experimental groups shown in the Table 1.

Highest flexural strength seen in resin modified with 3%
ZnO nanoparticles (126.11 ± 5.25) and the lowest 
flexural strength value for resin modified with 4% ZnO 
(106.33 ± 5.42).

Descriptive statistics

N Mean Std. deviation

Control 5 111.4394 4.78622

ZnO 2% 5 119.3213 4.57692

ZnO 3% 5 126.1168 5.25242

ZnO 4% 5 106.3335 5.42946

Analysis of variance of ZnO groups demonstrated in Table 
2. The flexural strength value of different concentration

nanoparticles added had statistically significant
differences between experimental and control group.

Table 2: ANOVA for flexural strength of modified resin with ZnO nanoparticles.

ANOVA

Sum of squares df Mean square F Sig.

Between groups 1137.332 3 379.111 15.026 0.000

Within groups 403.692 16 25.231

Total 1541.024 19

Duncan’s multiple range tests revealed that there is an
increase in flexural strength with increasing ZnO
nanoparticle concentration and the peak strength with
the 3% ZnO nanoparticles concentration (Figure 1). Drop
of the strength is seen in concentration 4% ZnO
nanoparticles but in this concentration, there is
statistically no significant difference with the control
group.

Hardness

Descriptive statistics of hardness values for all groups 
demonstrated in Table 3. 

The shore D hardness of control group had the highest 
between all groups (87.63 ± 1.14) and the 4% ZnO 
concentration had the lowest hardness among other 
variances (86 ±1.78).
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Table 1: Means and standard deviation of flexural strength for control and nanoparticles modified resin groups.

Figure 1: Duncan’s multiple range tests for flexural 
strength of ZnO nanoparticles modified resin.



N Mean Std. deviation

Control 5 87.6367 1.14918

ZnO 2% 5 87.195 0.47183

ZnO 3% 5 87.08 1.49618

ZnO 4% 5 86.005 1.7825

For the hardness of ZnO nanoparticles groups, ANOVA 
test viewed in the Table 4 found that there is no 

Table 4: ANOVA for hardness of modified resin with ZnO nanoparticles.
ANOVA

Sum of squares df Mean square F Sig.

Between groups 7.19 3 2.397 1.378 0.286
Within groups 27.836 16 1.74

Total 35.027 19

With Duncan’s multiple range tests in the Figure 2, it is
noticed that the values of shore D hardness are
decreasing in linear manner with increasing
concentration of the ZnO nanoparticles but there are no
statistically significant differences.

Surface roughness

Descriptive statistics for surface roughness demonstrated 
in Table 5 where the control group had the highest value 
of surface roughness between other test groups and the 
2% addition of ZnO nanoparticles had the lowest 
roughness.

Descriptive statistics

N Mean Std. deviation

Control 5 1.0917 0.18328

ZnO 2% 5 0.5615 0.07821

ZnO 3% 5 0.5843 0.14232

ZnO 4% 5 0.5858 0.26401

Analysis of variance test for ZnO nanoparticles groups
listed in the Table 6. The test gives statistically significant
difference between experimental groups and control
group.
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 statistically significant in hardness from addition 
of different concentrations of the nanoparticles.

Descriptive statistics

Table 3: Means and standard deviation of hardness for control and nanoparticles modified resin groups.

Figure 2: Duncan’s multiple range tests for 
hardness of ZnO nanoparticles modified resin.

Table 5: Means and standard deviation of surface roughness for control and nanoparticles modified resin groups.



Sum of squares DF Mean square F Sig.

Between groups 0.995 3 0.332 10.226 0.001

Within groups 0.519 16 0.032

Total 1.513 19

Duncan’s multiple range test in Figure 3 illustrated that
all groups decreased in surface roughness of the samples
and had statistically significant difference from the
control group with lowest value in 2% concentration of
ZnO nanoparticles but the roughness is increasing with
the concentration of nanoparticle is increasing yet it still
lower than the control group.

Figure 3: Duncan’s multiple range tests for surface
roughness of ZnO modified resin.

DISCUSSION

Flexural strength

Flexural strength of material has been regarded as the
primary mode of clinical failure; therefore, enhancing the
flexural strength of dental appliances, particularly
denture bases, is a crucial criterion because they are
subjected to deforming loads that could cause fractures
primarily during use [29].
The results demonstrated an increase in flexural strength
with increasing the concentration ZnO nanoparticles. The
highest flexural strength seen in 3% ZnO nanoparticles
experimental group (126.11 ± 5.25) which is statistically
different from control group that has flexural strength
(111.43 ± 4.78). The results also showed decrease with
ZnO 4% concentration group (106.33 ± 5.42).
This rise in experimental groups may be attributable to
the nanoparticle's role as filler that incorporates into the
resin matrix, hence reducing gaps and spaces and
fractures in the resin material [30]. In addition, the
appropriate distribution of nanoparticles enables them
to penetrate between the linear chains of the polymer,
resulting in a decrease in polymer chain mobility and an
increase in flexural strength [31].

The expansion of nanoparticles in response to an applied
stress may also increase flexural strength by causing
crack compression and cessation of fracture propagation.
Thus, the dispersed filler particles are able to prevent a
crack from propagating through the resin, a process
known as dispersion strengthening [32].
Improvement of flexural strength with addition ZnO
agrees with Salahuddin, et al. that concluded the PMMA
reinforcement with the filler of ZnO nanoparticles, the
flexural strength of the obtained composites was
improved in the low concentrations (under 1%).
Addition of ZnO nanoparticles in concentration 4% leads
to decrease in flexural strength as opposite to the lower
concentrations. This may be explained by a decrease in
the cross section of the load bearing area of polymer
matrix. It's also possible that too many filler particles are
causing stress concentration [33]. One of the possible
causes of this decline is incomplete resin wetting of the
fillers. Also, the fact of ZnO functions as an interfering
component in the polymer matrix's integrity [34].
Flexural strength reduction with addition of high
concentrations of ZnO nanoparticles agrees with Khan, et
al. who concluded that the addition of different high
concentrations (5, 10, 15 and 20%) of ZnO nanoparticles
leads to decrease in flexural strength of heat cured
PMMA denture base resin [35].

Hardness

Effectively, the hardness test has been used to measure
the degree of polymerization of resin based composite
materials and the degree of conversion of various types
of acrylics. The degree of polymeric matrix resistance to
degradation demonstrated by the hardness of denture
base materials, which impacts the longevity of the
denture base within the oral cavity. Because higher
hardness values are often associated with increased wear
resistance.
Zinc oxide nanoparticles that had been added to the resin
seemed to have no effect on the hardness of the material.
Shore D hardness test for experimental groups showed
that the addition of nanoparticles to 3D printed denture
base resin leads to decrease in the hardness without any
statistically significant difference. This result disagrees
with Salahuddin, et al. and Vikram and Chander who
used various concentrations of zinc oxide nanoparticles
on PMMA denture base material and found that all
concentrations increased hardness compared to the
control group.
Surface roughness: Surface roughness encourages
numerous types of bacteria, such as Candida albicans, to
improve adhesion and retention, which is crucial in
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ANOVA

Table 6: ANOVA for surface roughness of modified resin with ZnO nanoparticles.



denture induced stomatitis. Therefore, an appropriate
material should have a smooth, polished surface to limit
or eliminate plaque formation [36].
This study results showed a statistically significant
decrease in surface roughness of 3D printed denture base
resin with addition of ZnO nanoparticles in all
concentrations.
Zidan, et al. explained that the inclusion of nanoparticles
would fill the micro gaps between the particles and
matrix of the resin, hence minimizing the irregularities of
the surface and voids that may occur on the surface of the
samples during the processing of the denture base
material [37]. The surface roughness may reduce as a
result of these factors.
Findings also agrees Abd Alwahab, et al. who investigated
the influence of ZnO nanoparticles addition on roughness
properties of PMMA denture base with different
concentrations (1, 2, 3, 4 and 5 wt%) [38]. Surface
roughness had been noticed to be significantly decreased
with the addition of nanoparticles that had been used.
Sadoon also employed ZnO nanoparticles on soft liner
and discovered that the surface roughness decreased
with the addition of various types and concentrations of
nanoparticles utilized in the study [39].
Results disagree with Cierech, et al. that stated the
addition of zinc oxide nanoparticles in various
concentrations has no effect on the surface roughness of
the PMMA denture base resin [40].

CONCLUSION

The addition of ZnO nanoparticles enhanced the
mechanical and physical properties of 3D printed
denture base resin especially in higher concentration.
The flexural strength seemed to be improved with ZnO
nanoparticles addition and the roughness also decreased
leading to smoother surface, meanwhile the hardness
looks as if it is not affected by these additions.
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