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Abstract 

The study was undertaken to assess the effect of addiKon of a silver–zinc–potassium poly-
acrylate (Ag–Zn–KPA) composite filler to PMMA denture base materials on their mechanical 
properKes, anKmicrobial acKvity and water sorpKon behavior. Specimens of PMMA were 
modified with different concentraKons (0%, 1%, 2.5% and 5 wt%) of Ag–Zn–KPA composite. 
Flexural strength, impact resistance, surface hardness and water sorpKon tests according to 
ISO 20795-1 standards were performed for mechanical performance characterizaKon. AnK-
microbial acKvity was assessed by colony-forming unit (CFU) counts and inhibiKon zone 
against Candida albicans and Streptococcus mutans. StaKsKcal comparisons were conducted 
with one-way ANOVA and Tukey post-hoc tests (α = 0.05). The incorporaKon of Ag–Zn–KPA 
exhibited significantly higher flexural strength and surface. hardness and higher anKbacterial 
acKvity than PMMA resin (p < 0.05). The 2.5 wt% formulaKon provided the best combinaKon 
of enhanced mechanical performance with controlled water sorpKon. The Ag–Zn–KPA-modi 
fi ed PMMA revealed a promising mulKfuncKonality, showing mechanical durability, anKmi-
crobial resistance and funcKonal water retenKon. This composite system could represent an 
interesKng and potenKally clinically relevant improvement of denture base materials. 
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Introduc)on 
Polymethyl methacrylate (PMMA) has been 
the material of choice for removable denture 
bases for several decades due to its acceptable 
esthetics, favorable processing properties, and 
cost effectiveness. However, despite these 
benefits, PMMA possesses intrinsic disad-
vantages such as low flexural and impact 
strength, fatigue failure susceptibility and 
rapid microbial adhesion and biofilm formation 
on its surface. These drawbacks can jeopardize 
prosthesis durability and result in various oral 
inflammatory conditions like denture stomati-
tis [1]. The inherent absence of antimicrobial 
properties, water sorption and surface 

roughness significantly affect microbial coloni-
zation on PMMA surfaces. The adhesion of 
Candida albicans and oral streptococci to 
acrylic resin dentures is a known phenomenon 
and continues to be an important clinical prob-
lem, especially in elderly or immunocompro-
mised patients [2]. Thus, various strategies in-
volving material modification have been de-
signed to address these drawbacks [3]. PMMA 
reinforcement based on nanotechnology has 
been proposed as a viable solution [3,4]. Silver 
nanoparticles (AgNPs) have exhibited broad-
spectrum antimicrobial activity which might be 
through ion release, lipoperoxidation and nu-
cleic acid replication interference [5,6]. ZnO ac-
cused of metal and metal oxide antimicrobial 

effectiveness, as well as their reinforcing activ-
ity together with satisfactory esthetic proper-
ties (i.e. ZnO discussed in more detail below 
due to white opaque structure) [3,7]. At the 
same time, there has been some focus on func-
tional polymers which include potassium poly-
acrylate for their super absorbent and mois-
ture absorbing–retaining–releasing properties 
[8]. Such polymers can also be infused in den-
ture bases for sufficient hydration of the mu-
cosa and increased patient comfort, particu-
larly in patients with xerostomia [9]. However, 
increased water sorption can negatively affect 
the dimensional stability and mechanical prop-
erties of polymers 50565 which requires opti-
mal formulation for the hybrid organic-
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inorganic polymer to be effective. Previous in-
vestigations by Kareem and colleagues demon-
strated the feasibility of incorporating compo-
site fillers and nano-scale additives into dental 
materials to improve mechanical performance 
and biological behavior [10,11]. Building on 
these findings, the present study integrates sil-
ver and zinc ions within a potassium polyacry-
late matrix and evaluates its effect when incor-
porated into PMMA denture base materials. 
The aim of this study was to evaluate the me-
chanical, anKmicrobial and water sorpKon 
properKes of silver–zinc–potassium polyacry-
late composite modified PMMA denture base 
materials.	
	
Materials	and	Methodos	
Commercial heat-cured polymethyl methacry-
late resin was utilized as a base material. Syn-
thesis and ion loading of potassium polyacry-
late using silver nitrate, zinc acetate, acrylic 
acid monomer, potassium hydroxide, ammo-
nium persulfate and N,N-methylenebisacryla-
mide. 
Potassium polyacrylate was prepared by free-
radical polymerization of potassium hydroxide-
neutralized acrylic acid. The reaction mixture 
was cross-linked with N,N-methylenebisacryla-
mide and initiated by ammonium persulfate at 
controlled thermal conditions. The hydrogel 
produced was washed and dried to get the fine 
granules of polymer. 
Soaking of the hydrated potassium polyacry-
late hydrogel was performed in aqueous solu-
tions of AgNO3 and Zn(CH3COO)2 to absorb 
the ions. The composite was completely rinsed 
and dried in a vacuum oven for 24 h to afford 
the Ag–Zn–KPA powder. 
PMMA was separated into four subgroups: 
control (0%), 1%, 2.5% and 5 wt% Ag–Zn–KPA. 
The powder was homogeneous mixed with 
PMMA polymer powder before the addition of 
a monomer. The specimens were processed 
within the same conventional heat-curing cycle 
and kept in distilled water at 37°C for 48 hours 
before performing testing. 
Three-point bending test was conducted for 
the determination of flexural strength. Re-
sistance to impact, hardness of surface, and 
water sorption were tested as per ISO 20795-1 
specifications. 
Antifungal disc-shaped samples were tested 
against Candida albicans and Streptococcus 
mutans. The antimicrobial effectiveness was 
evaluated by employing CFU reduction and in-
hibition zones. 
Data were analyzed by one-way ANOVA fol-
lowed by Tukey post-hoc tests. Statistical sig-
nificance level was given at p < 0.05. 
 
Results	

The study's findings showed that the signifi-
cance of mechanical behavior, antimicrobial 
performance and water sorption characteris-
tics was associated with Ag–Zn–KPA prepara-
tion in PMMA denture base materials. Depend-
ing on the quantity of included composite filler, 
these consequences were varied. 
Table 1. Flexural strength of PMMA/Ag–Zn–
KPA composites. 
 

Group 

Ag–Zn–
KPA 
(wt%) 

Flexural 
Strength 
(MPa) 

Con-
trol 0% 82.4 ± 3.1 

Group 
B 1% 91.6 ± 2.8 

Group 
C 2.5% 99.2 ± 3.4 

Group 
D 5% 94.8 ± 3.9 

The values for flexural strength (Table 1) indi-
cated a statistically significant difference in all 
the Ag–Zn–KPA-modified groups when com-
pared to the control PMMA (p < 0.05). Increas-
ing filler% above 2.5 wt% shows a decrease in 
flexural strength due to the poor dispersion 
within PMMA matrix, as overloading prevents 
full integration of the filler and matrix as well 
reducing flexibility of polymer. The 5 wt% 
group exhibited higher values than the control 
yet slightly decreased compared to the other 
two at 2.5 wt%, possibly due to particle ag-
glomeration at higher filler loadings. 
Table 2. Elastic modulus of PMMA/Ag–Zn–KPA 
composites. 
 

Group 
Ag–Zn–
KPA (wt%) 

ElasKc Mod-
ulus (GPa) 

Con-
trol 0% 2.10 ± 0.15 

Group 
B 1% 2.38 ± 0.12 

Group 
C 2.5% 2.71 ± 0.18 

Group 
Ag–Zn–
KPA (wt%) 

ElasKc Mod-
ulus (GPa) 

Group 
D 5% 2.53 ± 0.21 

The trend of elasKc modulus (Table 2) was like 
that of flexural strength, where it increased 
dramaKcally up to 2.5 wt% Ag–Zn–KPA con-
tent. The composites with this modificaKon 
show improved rigidity and load-bearing char-
acterisKcs more than pure PMMA. 
Table 3. Impact strength of PMMA/Ag–Zn–KPA 
composites. 

Group 

Ag–Zn–
KPA 
(wt%) 

Impact 
Strength 
(kJ/m²) 

Con-
trol 0% 6.4 ± 0.6 

Group 
B 1% 7.8 ± 0.5 

Group 
C 2.5% 9.1 ± 0.7 

Group 
D 5% 8.3 ± 0.8 

Impact strength (Table 3) was significantly im-
proved compared with unmodified PMMA for 
all modified groups (p < 0.05). Of the samples 
tested, the 2.5 wt% group showed the highest 
resistance to a sudden load applied by impact, 
suggesting high effectiveness of energy dissi-
pation throughout the composite structure. 
Table 4. Vickers surface hardness of 
PMMA/Ag–Zn–KPA composites. 

Group 
Ag–Zn–
KPA (wt%) 

Vickers 
Hardness 
(HV) 

Con-
trol 0% 18.6 ± 1.2 

Group 
B 1% 21.9 ± 1.4 

Group 
C 2.5% 24.7 ± 1.6 

Group 
D 5% 25.1 ± 1.9 
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The increase in Ag–Zn–KPA concentration pro-
gressively increased surface hardness (Table 
4). The significantly higher hardness values in-
dicate superior resistance to surface wear and 
abrasion, thus more clinically relevant con-
cerning denture maintenance in long-term us-
age. 
Table 5. Water sorption of PMMA/Ag–Zn–KPA 
composites. 

Group 

Ag–Zn–
KPA 
(wt%) 

Water Sorp-
Kon (µg/mm³) 

Con-
trol 0% 21.3 ± 1.2 

Group 
B 1% 23.1 ± 1.4 

Group 
C 2.5% 25.7 ± 1.6 

Group 
D 5% 31.4 ± 2.1 

The amounts of water sorption (Table 5) in-
creased in a dependent manner as the concen-
tration of Ag–Zn–KPA was increased. Although 
5 wt% group caused the highest water gain, 1 
and 2.5 wt% groups gave values in clinically ac-
ceptable ranges. Without causing dimensional 
dislocation, the moderate water absorption at 
2.5 wt% could be favorable to keep up suffi-
ciency of surface hydration in denture–mucosa 
interface. 
Table 6. CFU% reduction. 

Group 

Candida 
albi-
cans (%) 

Streptococ-
cus mu-
tans (%) 

Control 0 0 

Group B 
(1%) 45 ± 6 39 ± 5 

Group C 
(2.5%) 72 ± 7 68 ± 6 

Group D 
(5%) 78 ± 8 74 ± 7 

All Ag–Zn–KPA-modified PMMA samples 
shown statistically significant antimicrobial ef-
fect compared with the control group (p < 
0.001) (Table 6). The 5 wt% showed the highest 
reduction for all microbial counts; 

nevertheless, the antimicrobial efficacy of the 
2.5 wt% group with superior mechanical bal-
ance can be used as found in this study. 
In conclusion, the addition of Ag–Zn–KPA to 
PMMA denture base materials led to: 
• Incredible enhancement in flexural and im-
pact strength 
• Enhanced hardness and sKffness on the sur-
face 
• ConcentraKon-dependent anKmicrobial ac-
Kvity 
• Development of gradual water sorpKon at 
medium filler levels 
In all the concentration of Ag–Zn–KPA mixture, 
2.5 wt% ag−zn−kpa formulation showed con-
sistently positive synergy in mechanical perfor-
mance, antimicrobial activity and functional 
water holding capacity. 
	
Discussion	
Determining flexural strength is one of the 
most significant mechanical properties for den-
ture base materials, given that dentures un-
dergo complicated bending stresses during 
mastication and parafunctional activities 
[1,3,7]. In the present study, the addition of 
Ag–Zn–KPA has significantly improved flexural 
strength and elastic modulus (p < 0.05) for all 
three experimental groups in relative to non-
modified PMMA with the highest values ob-
tained at 2.5 wt% concentration.  
Impact strength is the used restricKon of den-
ture base material when living under shock 
forces, such as accidental dropping of dentures 
or extreme occlusal loading are done [1,10]. 
The current finding showed significant im-
provements in impact strength for all Ag–Zn–
KPA-modified groups as compared to control 
PMMA and the 2.5 wt% group again demon-
strated opKmal result.  
Clinically, enhanced impact strength is signifi-
cant because denture fracture continues to be 
one of the most prevalent reasons for pros-
thetic failure, especially among older patients 
and those with compromised neuromuscular 
control [12,13]. 
Surface hardness has a close association with 
wear resistance, surface integrity as well as 
long-term esthetic stability of denture bases 
[14]. The Vickers hardness values gradually in-
creased with an increase in Ag–Zn–KPA con-
centration, thus demonstrating their ability for 
better resistance to indentation and abrasion 
on the surface of the composite.  
One finding of this research is the ability to pro-
vide mechanical reinforcement while providing 
integrated acKvity without compromising per-
formance. AddiKon of anKmicrobial agents 
into PMMA has tradiKonally associated with a 
decline in mechanical properKes [14]. In con-
trast, applicaKon of opKmized concentraKon 
from present composite system at suitable 

concentraKon augmented strength and tough-
ness along with bioacKvity. 
	
Conclusion	
As per the findings of this in vitro study as a lim-
itation, the inclusion of silver–zinc–potassium 
polyacrylate within PMMA denture base mate-
rials improved both mechanical strength and 
antibacterial activity. Thus, 2.5 wt% presented 
the best balance of performance and water 
sorption indicating that this formulation may 
be suitable for clinical use. 
 
Study Limitations 
In this in vitro study, evaluaKon and not ac-
counKng for long-term thermal cycling, faKgue 
loading, or in vivo biological responses. Future 
studies should include clinical trials, and long-
term aging simulaKons. 
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