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Abstract:
Water absorption is the primary factor driving the degradation of dental polymers and resin-based composites in

the oral environment. Water acts as a plasticizer and a solvent, causing hydrolytic degradation that leads to the
weakening, softening, and long-term failure of restorations. Therefore, the current study aimed to evaluate the
water absorption of PMMA/HA composite as a function of different HA loadings. The water absorption test
was carried out according to ISO 1567-2001 specifications. Water absorption of PMMA/HA composites was
influenced by the filler content and the interfacial coupling between the HA and the PMMA matrix. Water
absorption for all formulations generally increases with higher exposure time, reaching higher values in the first
7-14 days (faster absorption) and continuing to increase, albeit at a reduced, slower rate, between 14-28 days as
the material approaches saturation. Within the limitations of the current study, it can be said that lower HA
loadings provide better resistance to water-induced degradation than higher loadings, which may cause filler
agglomeration and increased porosity.
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Introduction

Water remains the leading factor in the long-term degradation of dental materials, necessitating, on average,
replacement of restorations within 5 years due to, among other factors, material breakdown (Drummond, 2008).

It has been generally established that water has the main effect on degradation of dental polymers and dental
composites(Amin et al., 2022; Gauthier et al., 2023; Guo, Yu, Gao, Zhang, & Zhao, 2022; Saini, Vaddamanu,
Dermawan, Mosaddad, & Heboyan, 2024). Chemical composition and viscosity of water and saliva showed no
difference between mechanical properties of polymeric denture base. Water is the most abundant component of
saliva(Lacoste-Ferré et al., 2011). It is one of the main factors to cause biodegradation(Guo et al., 2022; Hanno
& Metwally, 2024; Hany & Habib, 2022). The oral environment necessarily facilitates water sorption from the
saliva to the resin, which is a polar material. Water molecules can easily penetrate the polymer network allowing
the diffusion of unbound/uncured monomers and/or additives from the material network (Bettencourt et al.,
2010; Bettencourta et al., 2010; Cervino, Cicciu, Herford, Germana, & Fiorillo, 2020). It is well known that
because of the weak secondary bonds in polymer materials, water molecules are able to penetrate between the
polymer chains in a process called water absorption (Sahu & Gupta, 2022). Absorbed water is accountable for
the hydrolytic degradation of polymers. Additionally, the ions carried by the water may cause the polymer to
break down more quickly or to become stained or malodorous(Billingham, Knight, Garside, & Mills, 2023;
Demir, Murat Dogan, & Dogan, 2010; Yao, Yang, Lu, Qiu, & Zeng, 2024). Water sorption of a material
represents the amount of water absorbed on the surface and absorbed into the body of the material during
fabrication and during the service as well(Al-Maharma & Al-Huniti, 2019). Usually a serious warpage and
dimensional change in the material are associated with a high percentage of water sorption(Coca-Gonzalez &
Jimenez-Martinez, 2025; Shirangi & Michel, 2010). During the service, the denture base is surrounded with the
saliva, as a result of that; the denture base absorbs the saliva in the oral cavity(Alqutaibi et al., 2023; Lakhyani
& Wagdargi, 2012). Water is the most abundant component of saliva as such is one of the main factors to cause
biodegradation(Chojnowska et al., 2018; Guo et al., 2022). The oral environment necessarily facilitates water
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sorption from the saliva to the resin, which is a polar material. Water molecules can easily penetrate the polymer
network allowing the diffusion of unbound/uncured monomers and/or additives from the material
network(Bettencourt et al., 2010; Cekalovi¢ Agovié et al., 2025) . Intraorally, denture base acrylic resins are
subjected to many different types of stresses such as the repeated masticatory forces which lead to the fatigue
phenomenon(J. M. Aldabib, 2025; Aldabib). As a consequence, fracture of the denture base results. In the long
term, the aqueous environment could affect the fracture toughness of acrylic denture base(J. M. Aldabib &
Ishak, 2021; Babeer, 2025; Sasaki, Hamanaka, Takahashi, & Kawaguchi, 2016). Biodegradation may induce
significant changes in the physical and mechanical properties of the materials that may ultimately lead to the
catastrophic failure of the material. Facture mechanics evaluates the effect of cracks flaws on the fracture
resistance of a material(S. Chen et al., 2023; MAROM, 1989). Crack could occur naturally in a material or
develop during service(J. M. Aldabib & Ishak, 2020). Crack propagation of flaws in the resin composite
structure can lead to marginal fracture or surface degradation(Ritchie, Gilbert, & McNaney, 2000). Kjc is related
to the stress field around a sharp crack. (Kim, Kwon, & Lee, 1994; Qiao, Zhang, & Zhang, 2023). Thus, a
material with high fracture toughness will tend to resist the formation and propagation of microflaws, which
may be caused by repetitive masticatory forces applied during the function(J. Aldabib, 2020; K.-J. S6derholm,
2012). Poly methyl methacrylate (PMMA) is a widely used thermoplastic in dental and medical applications
(dentures, bone cements, lenses) known for its biocompatibility, transparency, and ease of processing(J. M.
Aldabib, 2025). However, it is not an ideal material, and its disadvantages in these areas are well-documented.
Despite its relatively hydrophobic nature, PMMA can absorb water, particularly in oral environments or bodily
fluids. Absorbed water acts as a plasticizer, disrupting the intermolecular forces between polymer chains. This
results in reduced stiffness, lower strength, and decreased fatigue resistance(Moghbelli, Banyay, & Sue, 2014;
N’diaye, Pascaretti-Grizon, Massin, Baslé, & Chappard, 2012). The addition of fillers like zirconium oxide or
titanium dioxide are used. These fillers do not completely eliminate the material's susceptibility to water
absorption and degradation(Ali Sabri, Satgunam, Abreeza, & N. Abed, 2021; Singh, 2019). Hydroxyapatite is a
suitable filler for improving the physical properties of PMMA, with low, controlled concentrations offering the
best reduction in water-related degradation (Halib et al., 2017; Toriello, Afsari, Shon, & Tijing,
2020). Therefore, the current study was designed to investigate the effect of different hydroxyapatite ceramic
powder concentrations into PMMA denture base material on water absorption.

Material and Methods

Materials
The powder components consisted of poly (methyl methacrylate) PMMA with high molecular weight (i.e.

996,000 GPC — Aldrich, USA), benzoyl peroxide of particle size <106 pm (Merck Chemical Company,
Germany) and Hydroxyapatite (HA) ceramic powder of particle size 51 (um) (Fluidinova, Portugal). Whereas,
the liquid components consisted of methyl methacrylate (MMA) (Aldrich USA) stabilized with 0.0025%
hydroquinone plus 10% ethylene glycol dimethacrylate (EGDMA) as cross linking agent (Aldrich USA).
Samples Preparation

Three different ratios (i.e. 5, 10, and 15% by weight) of HA filler were added into the matrix (PMMA and 0.5%
BPO) to be compared with pure PMMA and the conventional material. The powder components were mixed
using the planetary ball milling technique (PBM) for 30 min using Zirconium oxide jar and balls. The running
speed was set at (150 rpm) and the powder to ball weight ratio (PBR) was 1:10. The milling was stopped at
every 3 min and continued after 6 min during the run time to prevent the problem of overheating and premature
polymerization. The mixing of powder to liquid (P/L) was done according to standard dental laboratory usage.
After reaching the dough stage, the mix was packed into a mould and was compression molded under pressure
of 14 MPa, at room temperature for 30 min. The final polymerization (curing process) was carried out using a
water bath at 78°C for 1 122 h. The mould was then left to cool slowly at room temperature. The samples were
next removed.

Water Absorption Test

The water absorption test was carried out according to ISO 1567-2001 specifications. The specimens were dried
in a vacuum oven at 37 £1°C for 24 h and kept in a desiccator containing silica gel for 24 h before immersion in
distilled water. The specimens were weighed using an analytical balance with an error reading of 0.0001 g.
Next, the specimens were immersed in distilled water at room temperature for 28 days. The water absorption
was evaluated at intervals time.
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The percentage change in weight was calculated via:

Wi-Wo

0

x 100

Change in weight =
Wy and W, are the weight of the specimens before and after the immersion respectively.

According to ISO 1567-2001 specifications, the calculated value of the water sorption, Wsp for each specimen,
expressed in micrograms per cubic millimeter (ug/mm?) is given by:

nm> — N

1

where, m is the mass of the specimen, in micrograms (pg), after immersion in water

Wsp =

my is the reconditioned mass of the specimen, in micrograms (ug)

V is the volume of the specimen, in cubic millimeters (mm?)

Results and discussion

Figure 1 illustrates the amount of water absorption of PMMA/HA composites as a function of different filler
loading as well as that of the conventional material and neat PMMA after being exposed to distilled water at
room temperature for 28 days. In general, the water absorption for all formulations was increased with
increasing the exposure time. The water absorption rate was relatively higher between the time periods of 0-7
and 7-14 days of water immersion for all formulations, after which a decrease in the rate of water absorption
between the time periods of 14-28 days was observed. A similar observation was reported by(Durkan,
Oezdemir, Pamir, & Usanmaz, 2010).
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Fig. 1: Effect of filler loading on the water absorption of PMMA/HA composites compared to that of the
conventional material and neat PMMA after immersion in distilled water for 28 days.
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Table 1 summarizes the maximum values of absorbed water by PMMA/HA composites after being exposed to
distilled water for 28 days at room temperature. The conventional material and neat PMMA are also included
for comparison. It can be clearly seen that the water absorption values of PMMA/HA composites as well as the
conventional material and neat PMMA are well below the value specified by the ISO standard for denture base
materials (1567-2001).

Table 1: Maximum water absorption of PMMA/HA composites compared to that of the conventional material
and neat PMMA after immersion in distilled water for 28 days.

Formulation Weight increase by (%) Corresponding of water absorption (ng/mm?)
Conventional 1.19 13.19
PMMA 1.31 15.17
PMMA/HA 5 wt% 1.36 15.56
PMMA/HA 10 wt% 1.47 17.09
PMMA/HA 15 wt% 1.51 18.28

*ISO standard (1567-2001) value: max weight increase percentage: 1.99% corresponding of water absorption
increase to 32 ug/mm?

The amount of absorbed water for the filled samples is higher than that of the conventional material and neat
PMMA. This is due to an increase in the hydrolytic degradation of the silane coupling agent, causing a filler-
matrix debonding(Sideridou & Karabela, 2009; K.-J. M. S6derholm, 1984). Hydrolytic degradation reduces the
interfacial siloxane bridge bonds present at the filler/matrix interface to the original silanol groups, thus
producing hydroxyl ions. The production of hydroxyl ions during hydrolytic degradation of the siloxane bridge
bonds cause the concentration of OH- ions at the interface to increase which further promotes the degradation of
the interface and the reaction to become autocatalytic. Subsequently, degradation of the silane interface initiates
particle debonding(Antonucci, Dickens, Fowler, Xu, & McDonough, 2005; H. Chen et al., 2018; K.-J. M.
Soderholm, 1984). It can also be seen that the maximum amount of water absorption increased with increasing
the filler loading and reached a maximum value of 1.51 wt% at a filler loading of 15 wt%. The increase of the
water absorption at higher filler loading can be attributed to the presence of agglomerates. The water can be
accommodated at the interface between these agglomerates and the matrix. Thus, the water absorption
corresponds to the different dispersion state at different filler loading (Lau, Vaughan, Chen, Hosier, & Holt,
2013; Supova, Martynkova, & Barabaszova, 2011). According to (Al-Mufti, Almontasser, & Rizvi, 2023), there
is a significant relationship between the maximum water uptake and the filler concentration in the composite;
the maximum water uptake increased as the filler loading increased. Excessive water uptake can promote
breakdown causing a filler-matrix debonding in the presence of porosity and inclusions of filler particle
aggregates. This phenomenon would be involved in the water absorption as they appear loosely embedded in the
matrix (Tham, Chow, & Ishak, 2010).

Conclusion

The incorporation of HA increases the water absorption of PMMA compared to the neat material, with the
highest rate of increase occurring in the first two weeks of immersion. The current study indicates that the
maximum water uptake in HA/PMMA composites has a significant relationship with the concentration of
hydroxyapatite filler, often increasing as the filler loading increases. The absorption process typically follows
Fickian behavior, characterized by an initial rapid water uptake (0—14 days) due to capillary action and the
presence of micro-pores, followed by a slower, leveling-off rate (14-28 days). Lower percentage of HA loading
provides better resistance to water-induced degradation compared to higher loadings that may cause filler
agglomeration and increased porosity.

Ethical Approval: This article does not contain any studies with human participants or animals performed
by the author.
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