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Synthesis and modification of acrylic materials used in 
dental prosthetics
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Abstract: Prosthetic composites based on a commercial prosthetic resin (Vertex) or oligomeric methyl 
methacrylate (OMM) with the addition of zinc oxide (ZnO) were obtained using photochemical and 
thermal polymerization methods. Fourier transform infrared spectroscopy (ATR-FT-IR) and differen-
tial scanning calorimetry (DSC) were used to evaluate the composites. Hardness of the composites in-
creased with increasing ZnO content. The antibacterial activity of ZnO against E. coli, S. aureus, and C. 
albicans was confirmed.
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Synteza i modyfikacja materiałów akrylowych stosowanych w protetyce 
stomatologicznej
Streszczenie: Metodą polimeryzacji fotochemicznej i termicznej otrzymano kompozyty protetyczne 
na bazie komercyjnej żywicy protetycznej (Vertex) lub oligomerycznego metakrylanu metylu (OMM), 
z dodatkiem tlenku cynku (ZnO). Do oceny kompozytów zastosowano spektroskopię w podczer-
wieni z transformacją Fouriera (ATR-FT-IR) i różnicową kalorymetrię skaningową (DSC). Twardość 
kompozytów zwiększała się wraz ze wzrostem zawartości ZnO. Potwierdzono działanie antybakteryj-
ne ZnO w stosunku do E. coli, S. aureus i C. albicans. 
Słowa kluczowe: metakrylan metylu, materiały protetyczne, tlenek cynku, właściwości antybakteryjne. 

Poly(methyl methacrylate) (PMMA) has been a funda-
mental material in prosthetic dentistry for many years, 
primarily due to its physical, chemical, and aesthetic pro-
perties [1, 2]. It is easy-to-process material, characterized 
by good aesthetics, transparency, and ease of shaping. 
However, despite its numerous advantages, PMMA has 
certain limitations, such as brittleness and susceptibility 
to absorption of oral fluids, which can lead to changes in 
its mechanical properties and promote microbial colo-
nization [3, 4]. Moreover, this material tends to develop 
cracks over long-term use. As a result, contemporary sci-

entific research focuses on modifying PMMA to improve 
its properties and enhance patient comfort and safety.

One of the main directions in PMMA research is 
increasing its mechanical strength by adding reinforcing 
materials. The incorporation of glass fibers, aramid fibers, 
or ceramic nanoparticles into the PMMA matrix allows 
for the creation of composites with improved mechani-
cal properties, which translates into greater durability 
of dental prostheses [5, 6]. The use of these reinforcing 
materials enhances not only flexural strength but also 
resistance to material fatigue. For example, studies have 
shown that the incorporation of zirconia (ZrO2) nanopar-
ticles into PMMA increases its flexural strength and sur-
face hardness [7, 8]. The introduction of alumina (Al2O3) 
nanoparticles has also demonstrated beneficial proper-
ties in terms of crack resistance and improved modulus 
of elasticity [9]. These modifications may extend the lifes-
pan of prostheses, reducing the risk of damage during 
daily use.

Another crucial aspect is ensuring adequate bond 
strength between different prosthetic components, such 
as the denture base and acrylic teeth. Studies have shown 
that applying methyl methacrylate (MMA) monomer to 
the surface of an artificial tooth before the polymeriza-
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tion process increases the bond strength between these 
materials [10, 11]. Adhesive technology using chemical 
surface modifications of PMMA allows for better integra-
tion of prosthetic components, leading to greater durabil-
ity in use [12]. This approach enables the achievement of 
more stable and long-lasting connections between dif-
ferent elements of the prosthesis, which is particularly 
important in complex prosthetic designs.

The surface of PMMA dentures is prone to biofilm for-
mation, which increases the risk of infections and can 
cause an unpleasant odor [13, 14]. Therefore, research is 
being conducted on modifying PMMA surfaces by incor-
porating antibacterial agents such as silver nanoparticles 
[15]. Silver nanoparticles exhibit strong antibacterial pro-
perties, effectively inhibiting the growth of many patho-
gens that can colonize denture surfaces. Additionally, 
copper and titanium dioxide (TiO₂) nanoparticles have 
also proven effective in reducing bacterial and fungal 
growth, which may help prevent oral mucosal inflam-
mation in denture wearers. These modifications can 
increase denture resistance to microorganisms, improv-
ing their hygiene and reducing the risk of inflamma-
tory conditions [16]. In addition to silver and titanium-
based compounds, zinc oxide (ZnO) nanoparticles have 
also demonstrated promising antimicrobial effects when 
incorporated into PMMA matrices. 

This study aims to develop prosthetic composites with 
enhanced antimicrobial resistance. For this purpose, 
polymeric materials were synthesized based on a com-
mercial prosthetic resin (Vertex) or oligomeric methyl 
methacrylate (OMM), with zinc oxide (ZnO) incorpo-

rated as a functional additive to impart antimicrobial 
properties. A combination of photochemical and ther-
mal polymerization methods was used to produce com-
posites with enhanced structural and biological proper-
ties. The resulting materials were characterized by using 
attenuated total reflectance Fourier-transform infrared 
spectroscopy (ATR-FTIR), differential scanning calorim-
etry (DSC), and Shore D hardness testing. Their antimi-
crobial efficacy was evaluated against Escherichia coli, 
Staphylococcus aureus, and Candida albicans. 

EXPERIMENTAL PART

Materials

Methyl methacrylate (MMA), 2,2-dimethoxy-2-phenyl-
acetophenone (IQ), benzoyl peroxide (BPO), 2,2′-azobis(2-
methylpropionitrile) (AIBN), zinc oxide (ZnO) from 
Merck (Germany). Commercial material for dental pros-
theses, cold-cured base material for Pour-Type prostheses 
- Castapress: two components: monomer - methyl meth-
acrylate (MMA), hardener (H) from Vertex-Dental B.V. 
(The Netherlands). 

Preparation of a polymeric material based on methyl 
methacrylate

0.1 g of 2,2-dimethoxy-2-phenylacetophenone was 
dissolved in 8 g of methyl methacrylate. The resulting 
solution was stirred vigorously at 25°C and exposed to 
eight Philips UV-A lamps for 10 min. The reaction mass 

T a b l e 1. Amounts of components used to synthesize polymeric composites

Sample OMM
g

MMA
g

H
g

BPO
g

AIBN
g

ZnO
g

ZnO
%

0 – 4.00 8.00 – – –
1 8.00 4.00 – 0.50 0.50 0.07 0.54
2 8.00 4.00 – 0.50 0.50 0.14 1.06
3 8.00 4.00 – 0.50 0.50 0.27 2.03
4 – 4.00 8.00 – – 0.06 0.50
5 – 4.00 8.00 – – 0.13 1.07
6 – 4.00 8.00 – – 0.25 2.04

Fig. 1. Synthesis reaction of oligomeric methyl methacrylate (a) and oligomeric and monomeric methyl methacrylate (b)

a)

b)
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was then heated at 40°C for 30 min and irradiated with 
UV lamps for 1 min. To the oligo(methyl methacrylate) 
(OMM) thus obtained, monomeric methyl methacrylate 
(MMA), benzoyl peroxide (BPO), 2,2′-azobis(2-methylpro-
pionitrile) (AIBN) thermal polymerization initiators, and 
zinc oxide (ZnO) powder were added. The mixture was 
stirred gently at 25°C for 15 min until a homogeneous 
mixture was obtained and then heated at 50°C for 20 min 
to deaerate. The polymerization of the composition was 
conducted under UV lamps for 20 min and then heated 
at 80°C for 2 h. 

The commercial polymer material was prepared in 
accordance with the manufacturer’s procedure, with the 
addition of ZnO. In the first step, methyl methacrylate 
with hardener and zinc oxide were mixed. The composi-
tion was stirred gently at 25°C for 15 min until a homoge-
neous mixture was obtained, followed by heating at 50°C 
for 20 min to deaerate. The composition was polymerized 
by heating at 80°C for 2 h [17]. The composition of the 
polymeric material is shown in Table 1. 

The scheme for preparing oligomeric methyl meth-
acrylate (OMM) and oligomeric and monomeric methyl 
methacrylate is presented in Figure 1. 

In Figure 2, a proposed fragment of a polymeric com-
posite is shown. 

Methods

UV spectroscopy

TL-K 40W/10-R UV-A Philips lamps emit UV-A in a spec-
tral distribution wavelength of 315 to 380 nm: UV-A radi-
ation 0Hr (IEC) 8.0 W.

FT-IR spectroscopy

ATR-FT-IR spectra were recorded by applying a Bruker 
Tensor 27 FTIR spectrometer (Germany) in the attenu-
ated total reflectance (ATR) technique. Each spectrum 
was received in the wavelength range 600–4000 cm-1 in 
absorbance mode. The spectral resolution was 4 cm-1, and 
32 scans were completed for each spectrum. 

DSC analysis

Calorimetric analysis was performed using a Netzsch 
DSC 204 calorimeter (Selb, Germany) in dynamic mode. 
Scanning was performed at a heating rate of 10°C/min 
in the temperature range of 25–500°C under an argon 
atmosphere (30 cm³/min). The sample mass was 7–10 mg. 
An empty aluminum crucible was used as a reference 
sample.

Hardness 

The hardness of the composites was measured by the 
Shore D method on a Zwick 7206/H04 hardness tester 
(Ulm, Germany). The readings were taken after 15 s at 
a temperature of 23°C.

Antimicrobial properties

A modification of the disk-diffusion method was used 
to assess the antimicrobial activity of the tested com-
posites. Reference strains of the bacteria Escherichia coli 
(ATCC 25922), Staphylococcus aureus (ATCC 25923), and the 
fungus Candida albicans (ATCC 10231) from the collection 
of the Department of Biochemistry and Biotechnology of 
the Maria Curie-Sklodowska University in Lublin were 
used. The samples of composites were cut into 10×10 mm 
pieces and sterilized with UV light for 30 min. Agar 
plates with Mueller-Hinton medium were prepared. 
Glucose was also added to the medium in which C. albi-
cans were cultured. Young (24 hours for the bacteria and 
48 hours for the fungus) cultures of microorganisms were 
prepared at a concentration of 1.5 · 108 CFU/mL. 200 µL 
of inoculate was applied to agar plates and thoroughly 
spread on the surface. Composite samples were placed 
on the plates prepared in the described way. The control 
sample was a composite without filler (zinc oxide). The 
plates were placed in a laboratory incubator at 37°C for 
24 h for the bacteria and 48 h for the fungus. After this 
time, the composite samples were removed. The inhibi-
tion of microbial growth was visually assessed, and the 
zone of inhibition was measured.

RESULTS AND DISCUSSION

FT-IR analysis
The ATR-FT-IR spectra for Vertex-derived mate-

rials are shown in Fig. 3. The presented curves con-
tain characteristic absorption bands for the base mate-
rial – poly(methyl methacrylate) (from Vertex). The main 
bands observed in all samples are: 1723 cm⁻¹ – an intense 
band corresponding to the carbonyl group (C=O) typi-
cal of acrylic esters, 1434 cm⁻¹ and 1266 cm⁻¹ – deforma-
tion and stretching vibrations of C–H and C–O bonds, 
986 cm⁻¹, 840 cm⁻¹ and 750 cm⁻¹ – bands characteristic of 
skeletal vibrations and functional groups present in the 

Fig. 2. Proposed fragment of a polymeric composite
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MMA structure, 2950 and 2992 cm⁻¹ – stretching bands 
of CH3 and CH2 groups.

The addition of ZnO in small amounts (up to 2%) does 
not cause significant shifts or the formation of new bands, 
which suggests that there are no strong chemical inter-
actions between ZnO and the polymer matrix. A similar 
observation was made for MMA derivatives.

DSC analysis

The DSC thermograms are presented in Fig. 4.
To evaluate the effect of ZnO particles on the thermal 

properties of two polymer composites based on methyl 
methacrylate (MMA) and commercial (Vertex), a differen-
tial scanning calorimetry (DSC) analysis was performed. 
The obtained DSC curves (Figures 4a and 4b) showed 
the presence of characteristic endothermic peaks asso-
ciated with the thermal degradation of the materials. In 

the case of polyMMA samples (MMA-0, MMA-ZnO-0.5, 
MMA-ZnO-1, MMA-ZnO-2), the main endothermic peak 
occurred in the range of 378–392°C. With increasing ZnO 
content, a small decrease in the degradation temperature 
was observed. The reference sample MMA-0 (without ZnO 
addition) showed the highest thermal resistance, while the 
lowest was shown by the MMA-ZnO-2 sample, contain-
ing the highest concentration of ZnO. A similar trend was 
observed in the Vertex system. The maximum degradation 
peak temperatures ranged from 390 to 407°C. For Vertex 
samples, a slight endothermic signal of about 200°C was 
observed, related to the degradation of additives (c.a. dye).

Hardness 

Shore D hardness measurements were conducted to 
evaluate the influence of zinc oxide (ZnO) as a func-
tional additive on the mechanical properties of polymer 
composites. All the materials evaluated fall within the 
range of hard polymers, with Shore D hardness between 
81 and 85°D (Table 2). The reference materials Vertex-0 
and MMA-0 exhibited hardness of 81 and 82°D, respec-
tively. When ZnO was added at increasing concentrations 
(0.5%, 1%, and 2%), an overall increase in hardness was 
observed in both composite systems. Notably, the Vertex-
ZnO-2 sample exhibited the highest hardness of 85°D, 
indicating significant enhancement. Similarly, MMA-
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Fig. 4. DSC curves: a) Vertex-derived composites, b) MMA-derived composites

T a b l e 2. Hardness of the tested composites

Sample Hardness, °D Shore

Vertex-0 81.0

Vertex-ZnO-0.5 81.5

Vertex-ZnO-1 83.0

Vertex-ZnO-2 85.0

MMA-0 82.0

MMA-ZnO-0.5 81.0

MMA-ZnO-1 82.5

MMA-ZnO-2 84.0
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based composites with ZnO demonstrated improved 
hardness; MMA-ZnO-2 reached hardness of 84°D com-
pared to 82°D for unmodified MMA. These results sug-
gest that ZnO can enhance hardness of the composites, 
particularly at higher concentrations. 

Evaluation of antimicrobial potential

The antimicrobial activity of MMA-derived mate-
rials against the pathogenic bacteria Escherichia coli and 
Staphylococcus aureus and the fungi Candida albicans is sum-

marized in Table 3. The control sample (MMA-0) showed 
no visible inhibition, confirming the absence of inherent 
antimicrobial activity. Samples containing 0.5 wt% ZnO 
exhibited small inhibition zones (1–2 mm), indicating 
limited antimicrobial potential. In contrast, samples with 
1 wt% and especially 2 wt% ZnO showed significantly 
larger inhibition zones, particularly against S. aureus and 
C. albicans. This demonstrates a dose-dependent increase 
in antimicrobial activity with rising ZnO concentration.

Previous studies on the modification of acrylic resins, 
including polymethyl methacrylate (PMMA), have 

T a b l e 3. Evaluation of the antimicrobial potential of examined composite materials 

Composite Escherichia coli Staphylococcus aureus Candida albicans

Control sample 
MMA-0

 
1 mm 0 mm 1 mm

MMA-ZnO-0.5

1 mm 2 mm 1 mm

MMA-ZnO-1

0 mm 1 mm 1 mm

MMA-ZnO-2

1 mm 1 mm 0 mm
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focused on improving their mechanical properties and 
imparting antimicrobial activity through the incor-
poration of functional nanofillers such as zinc oxide 
(ZnO), silver (Ag), copper oxide (CuO), or graphene 
(GO). Santhanam et al. [18] found that the addition of 
ZnO to PMMA at concentrations of 0.4–1.4 wt% led to 
a significant increase in flexural strength (from 61 MPa 
to 91 MPa). Similarly, in [19], the use of ZnO/GO nano-
composites in PMMA resulted in improved mechanical 
strength and over 60% reduction in the number of bacte-
rial colonies, without any cytotoxicity. Other studies have 
also demonstrated that ZnO effectively limits coloniza-
tion by Candida albicans and Gram-positive bacteria such 
as Staphylococcus aureus [20, 21]. It has also been shown 
that increasing the ZnO content in the PMMA matrix 
(e.g., up to 7.5 wt%) enhances both hardness and antifun-
gal properties, as reported in [22, 23].

In comparison to these reports, the present study intro-
duces several notable innovations. First, a unique syn-
thetic approach combining photochemical and thermal 
polymerization was employed, which may contribute to 
better cross-linking and a more homogeneous dispersion 
of ZnO within the composite matrix. The application of 
oligomeric methyl methacrylate (OMM) as a monomer 
may positively affect the polymer structure, improving its 
mechanical resistance and durability. Importantly, unlike 
many previous studies that focused on a single microor-
ganism, this study evaluated antimicrobial effectiveness 
against three representative pathogens: Escherichia coli, 
Staphylococcus aureus, and Candida albicans.

CONCLUSIONS

Polymer composites were synthesized using com-
mercial Vertex resin and oligomeric methyl methacry-
late (OMM), with zinc oxide (ZnO) added as a functional 
additive to enhance antimicrobial efficacy. DSC analy-
sis showed that the addition of ZnO slightly lowered the 
thermal degradation temperature of both MMA-based 
and Vertex-based composites. Samples without ZnO 
exhibited the highest thermal stability, while compos-
ites with 2 wt% ZnO exhibited the lowest resistance to 
thermal degradation. In contrast, the addition of ZnO 
resulted in a noticeable increase in Shore D hardness, 
especially at higher concentrations, confirming the rein-
forcing effect. Furthermore, the antimicrobial activity of 
the composites significantly increased with increasing 
ZnO content, with the largest zones of inhibition for E. 
coli, S. aureus, and C. albicans observed at 2 wt% ZnO. The 
results confirm that ZnO is an effective multifunctional 
additive that increases the mechanical strength and anti-
microbial resistance of polymeric prosthetic materials.
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