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Abstract 

Denture base poly (methyl methacrylate (PMMA) resin is one of the 
most frequently used materials in denture base synthesis, but due to its 
poor mechanical properties, PMMA can be considered a medium for the 

attachment and growth of a variety of pathogenic bacteria and fungi, 
particularly due to PMMA's pores and rough surface. The porosity 
percentage and surface roughness of the PMMA resin sample was 
lowered in this study, which resulted in a reduction in microorganisms' 
surface adhesion by varying the ratios of additives such as zinc oxide 
(ZnO) and tri-calcium phosphate (TCP) nanoparticles with (1, 2, 3, and 
10% wt percent) for each additive separately, and 3% as a combination 
of ZnO and TCP nanoparticles in an equal ratio. Additionally, 

mechanical features such as surface hardness are developed, which is a 
critical attribute for polishing and easy finishing, as well as offering 
great scratch resistance during denture base cleaning. These results 
indicated that when compared to the other groups, PMMA (ZnO wt. 1%) 
and TCP-wt. 1%) reinforced composite resins demonstrated the best 
optimum properties. Additionally, it was discovered that adding 1% of 
NPs improved the mechanical qualities, which benefited the biological 

properties by reducing bacterial adherence to the PMMA composite 
resin.
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1. Introduction 

Nanotechnology is the next generation of wealth creation since it has a positive influence on the economy. 
Nanotechnology has recently been integrated into a variety of aspects of life, including hydrogen fuel cells, 
medical, solar cells, electronics, food, energy, and the environment [1], [2]. The materials employed in 
nanotechnology have been subjected to a variety of physical and chemical techniques to achieve desirable features 

such as increased efficacy, small size [3], and extensive surface area [4]. As a result of its unique physicochemical 
features in biological applications, metallic NPs have been active in extensive research studies, methodologies, 
and advanced micro-and nanotechnology applications [5]. Since 1937, acrylic resins have been the most frequently 
utilized material in the fabrication of dentures [6]. This material has several advantages: it is simple to polish, has 
an acceptable appearance, is stable in the mouth, is reasonably priced, is easy to fabricate, and is lightweight [7] 
[8]. Increased material hardness results in reduced abrasion which offers strong resistance to scratching during 
prosthodontics cleaning and hence a longer service life for components exposed to severe frictional stress [9]. The 
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early causes of oral disorders including tooth decay and gingivitis are the adherence of certain microbes to certain 
surfaces in the mouth and the production of dental plaque on teeth and restorative materials [10], [11]. Many 
factors influence the quality and the amount of bacterial colonization on a given surface. As an example, bacterial 

adhesion is increased by rough surfaces, high free surface energy [12], and surface porosity. The surface porosity 
of the biomaterial surface seems to enhance adhesion and shield bacteria from antibiotics and the host's immune 
systems [13]. The interaction of nanoparticles with certain materials results in nanoparticle aggregation on the 
membrane's surface and blocking of the membrane's pores [14].  The primary objective of this study is to determine 
a correlation between surface porosity and bacterial adhesion. Additionally, to determine the optimal nanoparticle-
to-biocompatible nanoparticle ratio for reducing surface porosity and thus microbial proliferation while remaining 
biocompatible, and determine the optimal nanoparticle-to-biocompatible nanoparticle ratio for minimizing 
microbial growth while remaining biocompatible. The hardness of the composite samples should be determined. 

Determine the composite materials' antibacterial and biocompatibility properties. By adding TCP-NP to the 
biocompatible acrylic resin, you can make the biomaterial more bioactive. 

2. Theoretical Part 

2.1. Preparation of the Dental Flask 

The PMMA resin sample was made in two halves of a dental flask: the first half was filled with stone and the 
second half was filled with polymer clay (40403) mm in dimension. After coating the polymer clay with vaseline 
before pouring the stone, the second half was filled with stone and allowed overnight to dry as shown in Figure 1. 
The approach is based on W. A. Hussain et al., 2020) [15]. 
 

 

 

 

 

 

 

 

Figure 1: Preparation of the dental flask for the samples 

2.2 Preparation of the Samples 

According to the manufacturer's guidelines, the denture base acrylic resin PMMA (DURACRYL PLUS, produced 
by Spofa Dental Business in Czechia) was created. By combining the PMMA powder with the monomer in a ratio 
of 6 g to 2.5 mL per specimen for each TCP-NPs (FLUIDINOVA, Porto, Portugal) and ZnO-NPs (Hongwu 

International Group Ltd., China), we used the following ratios (1, 2, 3, and 10% wt%) for each type of nanoparticle 
added to the samples. Furthermore, some samples included 3 wt% nanoparticles in the form of an equal mix of 
TCP-NPs and ZnO-NPs. Control specimens, as stated in Table 1, were prepared without the addition of 
nanoparticles. Before initiating the polymerization process, hydraulic pressure was gradually increased to 1 ton 
using a hydraulic press (manual hydraulic press 10-ton shop press), then polymerized in a normal electric heater 
by immersing them in 25C water and raising the temperature until they boiled within 1 hour. After cooling, the 
specimens were removed from the flask [16]. Finally, all samples were polished and sliced into 16 samples (10 

mm×10 mm) as shown in Figures 2 and 3. 
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Figure 2: Each of the samples was cut the same, into 16 pieces with (10 × 10 × 3) mm dimensions. 

 
Table 1: Quantification of the acrylic resin species. 

Samples ZnO wt% TCP wt%  PMMA wt% 

Pure PMMA 0 0 100 

TCP-1 0 1 99 

TCP-2 0 2 98 

TCP-3 0 3 97 

TCP-10 0 10 90 

TZ-3 1.5 1.5 97 

ZnO-1 1 0 99 

ZnO-2 2 0 98 

ZnO-3 3 0 97 

ZnO-10 10 0 90 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: The form and color of the samples, which we notice in order to maintain the aesthetics of the sample 
after it has been reinforced with nanoparticles in various ratios. 

2.3 Hardness Shore D 

To evaluate the hardness of acrylic resin samples, the Shore D scale was employed. The Shore D scale is used to 
test hard polymers, semi-rigid plastics, and hard rubber. The test was carried out in the laboratory using the 
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durometer D-XD (Shore hardness tester TH210). The results were achieved after measurements of five different 
points in each sample. 
 

2.4 Blood Compatibility 

2.4.1 Hemolysis Assay 
Our initial step is washing the samples in 70% alcohol and immersing them in 2 ml of 0.9 sodium chloride for 2 
days at 25C before starting the experiment. A healthy donor donated blood, which was centrifuged to separate the 
red blood cells (RBC) from the plasma and then washed five times to make sure there would be no plasma 
remaining on the RBC. This was followed by gently mixing 1ml of RBC with 4ml of phosphate-buffered (PBS) 
saline, creating a 20 % v/v of RBC suspension. 0.5 mL of the sample solution was transferred to a 200 µl 
suspension and kept in the water bath for 90 minutes at 37 oC, then centrifuged for 4 minutes at 1000 RPM, 

additionally, the optical density of the filtrate solution was determined at 541 nm with the use of a 
spectrophotometer. In the positive control, 200 µl of the RBC suspension was added to 1 mL of water, whereas 
the negative control was 200 µl of the RBC suspension added to 1 mL of PBS. In parallel, three tests were 
conducted on each sample group. The following equation was used to determine the hemolysis ratio: 
 

𝑯𝒆𝒎𝒐𝒍𝒚𝒔𝒊𝒔 (%) = (𝑨𝒔 − 𝑨𝒏)/(𝑨𝒑 − 𝑨𝒏) × 𝟏𝟎𝟎%                                    (1) 

 
As, An, and Ap are the absorbance of the sample, the negative control, and the positive control, respectively. To 
create a blood film, the sediment (RBC) was stained with Lishman stain for 2 minutes, dried, and washed with 

distilled water. The blood film was studied under a 40x magnification light microscope [17][18]. 
 
2.4.2 Prothrombin Time (PT) and The International Normalized Ratio (INR) Assay 
After the blood was taken from a healthy volunteer, it was placed into tubes with sodium citrate and gently mixed, 
centrifuged, and then 180 µl of plasma was mixed with 20 µl of the samples' solution. Then 50 µl of this mixture 
was applied to a semi-automated device (from Human Company, Germany) until the temperature reached 37 oC, 
then 100 µl of thromboplastin liquid was applied, and finally, the results of PT and INR were recorded. As a 
control group in the PT and INR analyses, 0.9 sodium chloride was used. Each sample group was examined three 

times in rapid succession [18]. 
 
2.5 The apparent porosity ratio 
Microbe adherence in PMMA is directly affected by porosity; therefore, increasing the apparent porosity will 
enhance microorganism adhesion [19]. Archimedes' concept was used to determine the apparent porosity. This 
approach is based on the weight change of the samples when they are wet and dry, as well as the weight of the 
samples when they are submerged in water. The apparent porosity of the samples was determined using the 

following equation:  
 

𝑨. 𝑷. = (𝑺 − 𝑫)/(𝑺 − 𝑰) × 𝟏𝟎𝟎%                                                       (2) 

 
Where D is the dray sample weight, S is the saturated sample weight and I is the immersed sample weight [20]. 
 
2.6 Microorganism Adhesion to PMMA-NPs' Surface 

Microorganisms adhering to certain surfaces in the human oral cavity and the creation of dental plaque on these 
surfaces are the fundamental causes of a variety of oral disorders, which may lead to other health issues [21]. 
Klebsiella pneumoniae, gram-negative bacteria, and Staphylococcus aureus, gram-positive bacteria, were taken 

from Yarmouk Teaching Hospital patients, cultivated on MacConkey agar, isolated, and stained with gram stain, 
and identified using VITEK® 2. To begin the experiment, stock solutions of 1.48×108 cells/ml of bacteria were 

prepared in normal saline. For 15 minutes, all of the samples were sterilized in an autoclave. Under sterilizing 
conditions, 10 µl of the stock was applied to the surface of each sample and incubated for 4 hours. Following three 
washes with 0.9 percent sodium chloride to remove non-adherent bacteria, the samples were centrifuged for 20 
minutes at 4000 RPM with 1ml of 0.9 percent sodium chloride to release adherent bacteria from the sample surface 
into the solution. 50 µl of the solution was then cultured using the spread plate method on MacConkey Agar for 
Klebsiella pneumoniae and nutrient agar for Staphylococcus aureus. As a control, we utilized a 100% PMMA 
sample. 
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3. Results and Discussion 

3.1 Hardness Shore D 

Because of the enhanced dispersion and interaction with PMMA, the acrylic resin reinforced with nanoparticles 

exhibited a much better Shore-D hardness value than the nano particle-free sample. In conclusion, TCP-NPs and 
ZnO-NPs bonded with PMMA resulted in acrylic nanocomposites with outstanding mechanical characteristics. As 
a result, it was noticed that the hardness progressively rises as the proportion of nanoparticles increases and that 
the hardness of acrylic resin reinforced by TCP-NPs is greater than that of acrylic resin reinforced by ZnO-NPs at 
the same ratios. Furthermore, TCP-NPs have a greater capacity than ZnO-NPs to enhance the hardness of the resin 
alloy, because synthetic TCP possesses hardness comparable to that of real teeth, its insertion into dental base 
composites increases the composite's hardness. However, as compared to pure acrylic resin, ZnO-NPs still 
contribute significant hardness characteristics, which grow progressively as the ZnO-NPs ratio in the acrylic resin 

samples increases. As seen in Figure 4, NPs had a considerable influence on increasing the hardness value, which 
resulted in the highest hardness (90.9 N/mm2) in the 10% TCP-NPs sample, compared to the other samples. 
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Figure 4: The hardness of the samples increases linearly with the rise in the nanoparticles ratios. 

3.2 Blood Compatibility Assays (In vitro) 

3.2.1. Hemolysis Assay 

This study aimed to create viable PMMA composite resins for clinical applications that would come into direct 
contact with human blood and tissue. If the blood compatibility performance criteria of the composite materials 
are not met, it not only impacts their clinical use in the oral area but also poses significant hazards to the patient's 
health. A variety of PMMA resin composite samples were tested for blood compatibility, including hemolysis, 
prothrombin time (PT), and the International Normalized Ratio (INR). Compared to a positive control that induced 
100 percent hemolysis of RBCs, the lower concentration ranges of PMMA-NPs composites had no detrimental 
effect on RBC morphology. Most hemolysis occurred in a composite sample containing 10 wt% ZnO NPs, 

although even then it was less than 5%. This study shows that nanoparticle composites are very compatible with 
the blood when used at low concentrations (Figure 5), and according to this study, they might be used in a variety 
of applications, including toxicology. 
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Figure 5: Images of the proportion of blood hemolysis in human RBCs after incubation with various amounts of 

sample suspension (A) PMMA-ZnO-NPs composite samples (B) PMMA-TCP-NPs composite samples. 

3.2.2. Prothrombin Time (PT) and International Normalized Ratio (INR) Assay 
PT and INR are typical plasma coagulation test measures [20]. Under the experimental conditions, PT and INR 

readings are adversely affected by high ratios of nanoparticles in PMMA-TCP and ZnO composites. They are not 
recommended for use in clinical applications; samples with lower ratios are preferred, as shown in Figures 6 and 
7. Those results are comparable to the ones of (S. Chen et al., 2019) [18] who investigated the influence of a TiO2-
NPs composite on PT values. 

O
ri
gin

al

pure

1%
 Z

nO

2%
 Z

nO

3%
 Z

nO

10
%

 Z
nO

3%
 Z

nO
+T

C
P

13.0

13.5

14.0

14.5

15.0

PROTHROMBIN TIME

PMMA Samples

T
im

e
 (

S
e

c
o

n
d

)

O
ri
gin

al

pure

2%
 T

C
P

3%
 T

C
P

10
%

 T
C
P

3%
 Z

nO
+T

C
P

1%
 T

C
P

13

14

15

16

PROTHROMBIN TIME

PMMA Samples

T
im

e
 (

S
e

c
o

n
d

)

 
Figure 6: When compared to samples with a low concentration, samples with a high concentration have a 

significant influence on the analytical findings. 
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Figure 7: In comparison to low-concentration samples, samples with a high concentration have a considerable 

effect on the analytical results. 

3.3 Apparent Porosity Ratio 

Reduced porosity and surface roughness are critical variables in limiting bacteria's adherence to the surface. As 
shown in this research, the continual addition of nanoparticles to PMMA results in a steady reduction in surface 
porosity, as compared to the nano particle-free PMMA utilized as a control. (Figure 8). The lowest percentage of 

porosity occurs in 10% (nanoparticles wt%) samples, particularly 10% TCP samples. 
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Figure 8: In this diagram, you can see how the apparent porosity of the samples changes as more TCP-NPs and 

ZnO-NPs are added to them. 
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3.4 Microorganism Adhesion to PMMA-NPs' Surface 

Next, bacterial adherence to samples' surfaces was examined to detect the potential of bacteria to reduce biofilm 
development. The area available for adhesion is greatly increased when the surface is roughened (Quirynen & 

Bollen 1995) [22]. The addition of TCP-NPs and ZnO-NPs to PMMA samples resulted in a substantial decrease 
in apparent porosity on the surface of the acrylic resin PMMA, which considerably reduced bacterial adhesion on 
the membrane. 

 

 

 

 

 

 

 

 

Figure 9: This graph illustrates a reduction in the number of S. aureus adhering colonies to the surfaces of 
samples reinforced with certain ratios of nanoparticles in comparison to a PMMA-free nanoparticles sample that 

has been used as a control. 

 

 

 
 

 

 

 

 

 

 

 

 

 

Figure 10: The graph depicts a decrease in the number of klebsiella pneumoniae colonies on the surfaces of 
samples reinforced with various ratios of nanoparticles in comparison to a PMMA-free nanoparticles control 

sample. 

4. Conclusions 

The following findings might be derived within the restrictions of the current study: (1) The hardness value of the 
PMMA specimens was increased by increasing the nanoparticles ratio. (2) PMMA-TCP and ZnO nanoparticles 
composite have a slight effect on blood hemolysis, however, all samples were within normal range. (3)  In clinical 
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applications, it is not recommended to utilize PMMA-TCP and ZnO composites with large ratios of nanoparticles 
since they have a significant impact on PT and INR values; samples with 1 and 2 wt% of nanoparticles ratios are 
more recommended for usage. (4) Increasing the nanoparticles ratio lowered the apparent porosity of the samples. 

(5) A decrease in apparent porosity was associated with a reduction in bacterial adhesion. 
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