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 Abstract 
Aims: To investigate the effects of the incorporation of hydroxyapatite nanoparticles (HA 

NPs) with size (20 nm) at two concentrations (0.5% and 1%) on the water sorption and water 

solubility of heat-cured acrylic resin. Materials and methods: The total number of 

specimens was thirty which was divided into ten specimens (control, 0.5 % HA NPs, and 1 

% HA NPs). The statistical analysis was done by using the SPSS program including 

descriptive statistics, ANOVA, and Duncan's test at p ≤ 0.05. Results: The results 

demonstrated that there was a significant decrease in the water solubility and a non-

significantly decrease in water sorption for the PMMA-HA nanocomposite at HA 

nanoparticles (0.5%) and (1%), when compared to control. Conclusions: the use of 

hydroxyapatite nanoparticles as dental fillers at 0.5% and 1% by weight decreased the water 

sorption and water solubility of PMMA denture base material. 

 الخلاصة 
( على ٪ ١٪ و ٠,٥ ا  جلم(  لم داتن )  20 حجم ) دراسةةةأ ير دم دجز ئات ال ادردكري اةةةا ا دلاتن اد ا  تأ  :الأهداف

:  اف ادعكد الإئءادا  المواد و طرائق العملدماي ز الأ متلدك ادءعادز  ادحمارة.  اجلصةةاا ادءاو يبا لدأ ادبي اف  ا ادءاو  

، يم  ئماو   هدكري اةةةا ا دلاتن اد ا  تأ  (٪١٪  ،  ٠,٥،   )ججء عأ اداةةةد مة لا دن جقاةةةءأ  دى ععةةةم عد ال  دلعد ال  

 ≥p ع ك د كن ، ياخلبار اخلبارا   ا ءا  ا ذدك الإحصةةاو اد يةة ا ،   الاحصةةاو ادلحلدل الإحصةةا ا  اسةةل كان  م اجز

با لدأ ادبي اف  ا ادءاو يا   اض غدم جلح ظ  ا اجلصةاا  جلح ظ  ا   قصةاف: أظرمل اد لا ز أف ه اك النتائج .0.05

، ع ةك جقةار لرةا  ءجء عةأ ٪( ١٪( ي )٠,٥اد ةا  تةأ ) ادرةاتةكري اةةةةا ا دلةاتةن  ا ئات ةال  اد ةا    ادءل دةك دءم ة   ادءةاو

 يأثير  له تةلحريرة يلمعةلج ميثةكريلي  ميثيل يلتولا إلى هيدروكسااا يتييةي   إضااة   أن :الاستتتاتاتا .  اةةد مةاد

 .يلاسنةن اجلصاا ادءاو يبا لدأ ادبي اف  ا ادءاو دءادة باعكة أطقم حيث من يلميولد يلنةنوي يلمركب على ييجةتا
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INTRODUCTION 
 

Teeth loss is one of the most prevalent oral 

health issues, particularly among the 

elderly (1). There are several therapeutic 

procedures available to replace lost teeth, 

regardless of the underlying cause (2). 

Dentures, either partial or 

complete, are the most common treatment 

options for replacing missing teeth, owing 

to the higher expense of dental implants (3). 

Resin, ceramic, and metal are the three 

types of dental materials utilized in denture 

manufacture. Acrylic resin, also known as 

polymethyl methacrylate (PMMA), is one 

of the most often used polymeric materials 

for denture bases because it has superior 

mechanical and physical qualities to other 

polymers (4). Though their properties are not 

perfect in every way and have 

disadvantages such as increased water 

sorption and solubility, there is a need to 

reinforce the denture base material to 

increase its physical characteristics (5).  

Different processing strategies 

have been presented to produce a polymer 

with superior physical and mechanical 

qualities, in addition to the use of 

alternative materials or the modification of 

denture base acrylic resin by the 

incorporation of reinforcement materials (6). 

Unfortunately, improving some properties 

without jeopardizing others remains 

challenging (7).  

 Hydroxyapatite nanoparticles will 

not be recognized by the body as a foreign 

substance since they are biocompatible (8).  

This research aimed to study the 

influence of hydroxyapatite nanoparticle 

addition at two concentrations (0.5% and 

1%) on water sorption and water solubility 

of heat-cured acrylic resin material. 

 

MATERIALS AND METHODS 

Sampling  

The total number of specimens was thirty 

divided into three groups, ten specimens for 

each one which were (control, 0.5 % HA 

NPs, and 1 % HA NPs). This study was 

done at the College of dentistry and 

Technical Institute at the University of 

Mosul. Approval of the study was from the 

Scientific Research Committee / 

Department of Prosthodontics / College of 

Dentistry (UoM.Dent / DM. L.43/21). 

Preparation of the mold 

During the mold preparation, a 

conventional flaking procedure was used 

for full dentures. A separating medium 

(cold mold seal) was used and allowed to 

dry for the layer of plastic before putting the 

lower part of metal flasks filled with dental 

stone and combining in vibration according 

to the directions of the manufacturer to 

release the trapped air, then left to set.  

Acrylic sheets were utilized to 

make the plastic model, which was 

produced using computer software 

(AutoCAD) and then carved with a 

computer-controlled laser-cutting machine. 

The length, width, and thickness of the 
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plastic models used in mold fabrication 

were precisely established according to the 

specifications needed for each test. 

Specimens of all groups were then stored in 

distilled water at 37ºC for 2 days using an 

incubator (9). 

Preparation of the Specimens 

The mixing ratio of powder to liquid for 

heat-cured PMMA polymer material was 

2:1 by weight, according to the 

manufacturer's instructions. The weight of 

the hydroxyapatite nanoparticles was 

subtracted from the weight of the heat-

cured PMMA polymer powder to produce 

the precise powder-to-liquid ratio stated by 

the manufacturer (10). 

The specimens were first prepared 

by mixing the weight of hydroxyapatite 

nanopowder with "heat-cured PMMA" 

fluid monomer, which was sonicated and 

dispersed in the liquid monomer for 3 

minutes using an ultrasonic probe of 20W 

and 60 kHz, and then the Heat- cured 

PMMA polymer powder was added and 

manually mixed to avoid particle 

agglomeration (11). 

 

Water Sorption Test 

This test was carried out following ADA 

standard No.12 (2002). Thirty specimens 

were constructed, ten for each group, with 

the dimensions 12 × 10 × 4 ± 0.02 mm in 

length, width, and height respectively 

(Figure 1). 

Figure (1) Dimensions of water sorption 

testing specimen 

 

After the specimens’ preparation, 

the specimens were dried in a desiccator 

over silica gel at 37°C until their weight 

became constant. The specimens were 

weighed using an electronic scale with a 

0.0001gm precision (Figure 2); this was 

their original weight (m1).  

 

Figure (2) Electronic balance device. 

 

Using an electronic digital caliper 

figure (3), the volume (V) of each specimen 

was measured, and the volume (V) was 

determined by taking three measurements 

of each dimension at three evenly spaced 

positions around the boundaries. 
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In a thermostatically controlled 

incubator at (37±1) °C, the samples were 

submerged in distilled water for 7 days ±2 

hours. After this time, the specimens were 

withdrawn from the water using tweezers, 

wiped with a clean dry towel to eliminate 

any apparent humidity, and weighed 1 

minute later (m2). 

 

 

 

 

 

 

 

 

 

Figure (3): Electronic digital caliper. 

 

The samples were subsequently 

dried at 37°C in a desiccator with silica gel 

until they reached a constant weight (m3). 

The following formula was used to 

calculate and express the water sorption 

(Wsp) in micrograms per cubic millimeter 

(µg/mm3) (ADA, 2002): Wsp = m2 –m3 / v 

m2: After water immersion, the specimen's 

mass. 

m3: Reconditioned mass of the specimen. 

v: Volume of the specimen. 

 

Water Solubility Test  

Water solubility was measured using the 

same specimens that were used for water 

sorption. From the following formulae, the 

water solubility (Wsl) value for each 

specimen was calculated and represented in 

micrograms per cubic millimeter (µg/mm3) 

(ADA,2002). 

 Wsl = m1 –m3 / v  

m1: Conditioned (dried) mass of the 

specimen  

m3: Reconditioned mass of the specimen  

v: Volume of the specimen. 
 

RESULTS 

The statistical analysis: Descriptive 

statistics, the test of normality, and 

Inference statistics (ANOVA and Duncan's 

test) were done by using the SPSS program 

version (19). 
 

 

Water Sorption Test 

One-way analysis of variance (ANOVA) 

was used to assess the water sorption data 

of the control and (0.5   % and 1%) 

hydroxyapatite nanoparticles, table (1), no 

substantial difference (P  = 0.186) between 

groups was discovered in this investigation. 

 

Table (1): ANOVA for water sorption of 

control and HA nanoparticles groups. 

 

Water Solubility Test 

One-way analysis of variance (ANOVA) 

was used to assess the water solubility data 

of the control and (0.5   % and 1%) 

hydroxyapatite nanoparticles, table (2), A 

substantial difference (P ≤ 0.05) between 

groups was discovered in this investigation. 

SOV SS Df MS F P 

Between 

Groups 
0.000 2 0.000 1.790 0.186 

Within 

Groups 
0.001 27 0.000   

Total 0.002 29    
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Table (2): ANOVA for water solubility of 

control and HA nanoparticles groups. 

 

Duncan's multiple range test of 

water solubility demonstrated a significant 

decrease in HA nanoparticles (0.5%) and 

(1%), respectively when compared to the 

control. The (0.5%) and (1%) HA 

nanoparticle groups did not differ 

significantly (Figure 4). 

 

 

Figure (4): Duncan's multiple range test 

for water solubility of control and HA 

nanoparticles groups. 

 

DISCUSSION 

Water Sorption  

Water sorption is one of the most important 

aspects of denture base resin because it 

impacts the quality of a prosthesis and, as a 

result, the quality of treatment and, as a 

result, the patient's quality of life (12).  

The quantity of water sorption 

assessed in this study for both the control 

and experimental groups was within the 

standard ADA value No. 12 (2002) for 

water sorption of denture base materials, 

which is 32 μg/mm3. 

Water molecules are absorbed into 

the polymer due to the polarity of the 

polymer's molecules, the bonds of 

unsaturated molecules, or the polymer's 

imbalanced intermolecular interactions (13). 

The inclusion of hydroxyapatite 

nanoparticles resulted in relatively 

nonsubstantial differences in water sorption 

values when compared to the control group, 

as shown in Table (1). 

The findings reveal that the 0.5% 

and 1% HA groups' water sorption values 

decreased but statically not significant 

when compared to that of the control group, 

this result agrees with Karadi and Hussein 

(14) that found the water sorption of PMMA 

incorporated with hydroxyapatite 

nanoparticles decreased but statistically not 

significant. 

This was in agreement with 

Nguyen et al. (15) They discovered that 

changes in manufacturing procedures or the 

insertion of various additives into denture 

base resin might account for the observed 

variations in water sorption. 

The degree of water sorption of 

polymeric materials is determined by the 

characteristics of the aqueous environment 

and the chemical structure of the polymer 

(16). 

Reduced water sorption might be 

attributed to an increase in the degree of 

conversion of the experimental group as 

well as a decrease in the amount of eluted 

SOV SS Df MS F P 

Between 

Groups 
0.003 2 0.001 12.834 .000 

Within 

Groups 
0.003 7 0.000   

Total 0.006 9    

0.0163 0.0125
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0.0100
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residual monomer (17). Heat polymerized 

acrylic resins with various additives 

demonstrate considerable changes in the 

quantity of eluted residual monomer and 

water sorption ratios (18). 

This finding might be attributed to 

an increase in physical crosslinking among 

polymer chains or to a decrease in porosity 

within the resin matrix. The use of various 

types and concentrations of fillers 

minimizes acrylic resin material porosity 

and water absorption (19). 

Water Solubility  

Water solubility is one of the most 

essential features of denture base acrylic 

resin because it indicates the mass of 

soluble components that leak out from the 

polymer matrix and determines the quality 

of prosthesis and, as a result, the quality of 

patient's life (20). The low solubility value is 

especially significant since the leaching of 

remaining monomers and/or other additives 

included with denture base acrylic resin, as 

well as their penetration into organism 

tissue, are both undesirable (21). 

The inclusion of hydroxyapatite 

nanoparticles resulted in relatively 

substantial differences in water solubility 

values when compared to the control group, 

as shown in tables (2). 

The findings reveal that the 0.5% 

and 1% HA groups' water solubility values 

were less than that of the control group, 

figure (4), which might be understood by 

the fact that the crosslinking caused by the 

interlacing of the expanding polymer 

chains with the adjoining chain may 

diminish or obstruct the possible sites for 

water exchange (22). 

This result was in agreement with 

Karadi and Hussein, (14) that found a highly 

significant decrease in water solubility of 

PMMA incorporated with hydroxyapatite 

nanoparticles.  

The determined water solubility of 

the control and experimental groups was 

within the standard ADA value No. 12 

(2002) for denture base resin water 

solubility, which is 1.6 μg/mm3. 

The chemical structure of each 

kind of denture base material influences the 

water solubility. The incorporation of 

various additives into denture base acrylic 

resins changed their water solubility (23). 

Water solubility is determined by the kind, 

size, and distribution of filler particles 

inside the resin matrix, as well as the 

interfacial bonding between the filler and 

the resin matrix (24). This is consistent with 

the findings of Zidan et al. (25), who 

discovered that the solubility of polymeric 

materials was dependent on the uniformity 

of their polymeric structure. The more 

homogeneous it is, the less soluble it is. 

This decrease in water solubility of 

the experimental group could be due to 

increased physical crosslinking within the 

polymeric structure as the concentration of 

incorporated polymers increased, impeding 

the leaking of plasticizers, or to a decrease 

in porosity formation within the polymeric 

matrix which could be due to a higher 

degree of conversion and low content of the 

unreacted monomer (26). This study's 
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findings agreed with those of Bacali et al. 

(27), who linked the better characteristics of 

acrylic resin combined with various 

quantities and types of fillers to a lower 

quantity of eluted residual monomer. 

 

CONCLUSION 

Incorporation of hydroxyapatite 

nanoparticles into the "heat-cured PMMA" 

enhanced water sorption and water 

solubility of heat-cured PMMA denture 

base material. 
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