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Abstract 
 

Aim: The aim of this study was to evaluate the effect of artificial saliva, 

disinfectant solution, distilled water, and thermocycling on Vickers 

hardness of 4 commercial brands of acrylic resin denture teeth. 

Methodology: Four different brands of acrylic resin denture teeth (Major 

Dent, Acry Lux, Acry Rock, Imident Lux) were evaluated. 15 anterior and 

15 posterior teeth of each group embedded in autopolymerized acrylic 

resin.  The occlusal surfaces of posterior teeth and the vestibule surfaces 

of anterior teeth were flattened by using silicon carbide paper. After 

polishing, microhardness measurements were repeated three times for 

each teeth. The teeth were submitted to different conditions: (1) storage 

in distilled water at 37±2°C for 7 days; (2) storage in artificial saliva at 

37±2°C for 30 days and (3) storage in 1 % sodium hypochlorite. After, 

thermal cycling between 5 and 55 °C for 2500 cycles was made. The 

microhardness measurements were repeated. Data were analyzed with 

one-way analysis of variance (ANOVA) and Duncan test (p<0.05). 

Results: There were statistically significant differences between initial 

and final microhardness values of different brands of acrylic resin denture 

teeth. Anterior teeth showed lower microhardness values than posterior 

teeth.  

Conclusions: Storage in different solutions and thermal cycling 

significantly reduced the Vickers hardness of the acrylic resin denture 

teeth. 
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Introduction 
 

Artificial teeth are often necessary for 

prosthodontic rehabilitation when natural teeth are 

lost. Acrylic resins and porcelains have been used for 

the fabrication of artificial teeth; however, neither 

type completely accomplishes the requirements for an 

ideal prosthetic tooth (1). In particular, inferior wear 

resistance of acrylic resin artificial teeth is a significant 

limitation for complete denture therapy; namely, the 

denture cannot resist parafunctional movements and 

maintain proper occlusal relationships over time (2).  

The protection of the occlusion created, the continuity 
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of the effectiveness of chewing, and aesthetic 

requirements are the main features wanted in the 

acrylic teeth. Porcelain teeth answer these 

requirements adequately. But the most important 

disadvantages of porcelain teeth; brittleness, when 

used resorbed crest overload transmission, creating 

sound during chewing, the lack of connection with the 

denture base material, and the difficulty of matching 

with the occlusion opposed and is the difficulty in 

polishing (3,4). The physicals endurances of the acrylic 

teeth which are used in the full and partial removable 

prostheses and their aesthetics appeals are the most 

important physical features. The qualities required in 

the acrylic teeth varies according to the purpose of the 

using in anterior or the posterior areas. While aesthetic 

requirements are important in the anterior teeth used, 

the structural strength is required to withstand to the 

forces of chewing teeth used in the posterior areas (5, 

6). 

Prostheses have been identified as a source of 

cross-contamination between patient and dental 

personnel (7, 8). Therefore, to reduce the chances of 

cross-contamination dentures should be disinfected 

(9). Chemical disinfectant solutions recommended for 

immersion of dental prostheses include sodium 

hypochlorite, glutaraldehyde, and chlorine dioxide (10, 

11).  

Hardness is an important property related to 

wear resistance (12-17) and it is the most common 

mechanical property indicator for restorative and 

artificial teeth materials (4, 18, 19). Some factors can 

influence the hardness of resin denture teeth and 

dental restorative materials, such as mouth 

environment substances, temperature, and chemical 

disinfectant solutions (9,19-23). 

Historically, Vickers and Knoop hardness tests 

have been preferred by the majority of investigators 

for testing hardness of denture teeth or composite 

resins (16, 18, 24). Hardness is directly connected with 

the integrity of a material and its resilience to decay 

by thermal, chemical or mechanical action (25). In 

clinical situations, hardness represents dentures’ 

resilience to abrasion over time. A disinfection 

procedure which decreases dentures’ hardness is 

unacceptable for clinical use because it makes them 

prone to wear (26).  

Thermal cycling is another factor that can alter 

some properties of the materials used in complete and 

partial removable dentures (27). This laboratory 

procedure is an in vitro simulation of thermal 

alterations that occur inside oral cavity. According to 

Gale and Darvell (28), tolerable temperatures inside 

oral cavity can range from 0 to 68 °C. Theoretically, 

thermal cycling allows the repeated shrinkage and 

expansion of the material and, consequently, a 

situation of internal tension (23, 29, 30) that can 

influence prostheses durability and bond strength 

between artificial denture teeth and acrylic resin 

denture base (30, 31) 

Although studies have evaluated the hardness 

of artificial teeth and acrylic resin denture base stored 

in water (9,16,19), few studies have related this 

property with the storage in saliva that is the fluid in 

which teeth keep constantly immersed in the oral 

environment. Moreover, the effect of thermal cycling 

on the hardness of artificial denture teeth is not 

frequently reported in literatüre (23, 29, 31). 

Therefore, the aim of this study was to evaluate the 

effect of different solutions and thermal cycling on 

Vickers hardness of 4 different brands of acrylic resin 

denture teeth. The study hypothesis was that different 

storage conditions and thermal cycling had an effect on 

Vickers hardness of acrylic resin denture teeth.  

 
Materials and Methods 

 
Four brands of acrylic resin denture teeth are 

listed in Table 1. For each brand, 15 anterior and 15 

posterior acrylic resin denture teeth embedded in 

autopolymerized acrylic resin. After the 

polymerization, the occlusal surfaces of the posterior 

teeth and the vestibule surfaces of anterior were 

ground flat using 600-, 800-, 1000-, 1200-, and 1500-

grit silicon carbide paper with running water as the 

coolant and the surface of teeth were polishing. 

 

 

 
Table 1. Acrylic resin denture teeth, identification codes, manufacturers and lot numbers 

Material Code Manufacturer Lot Number 

Acry Rock Ruthinium R S.p.A, Italy 07I05 

Acry Lux Ruthinium L S.p.A, Italy U084 

Major Dent M S.p.A, Italy 7005 

Imident Lux I Hannover, Germany 35305 
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Thereafter, the hardness of all specimens was 

obtained using a Vickers diamond indentator. The use 

of Vickers hardness to determine the microhardness of 

the acrylic resin denture teeth is in accordance with 

recent study, which demonstrated that the Vickers 

indentation is a valid tool for evaluating the hardness, 

viscoelastic and other responses of rigid polymers (32). 

Measurements of Vickers hardness number (VHN) were 

made with a microhardness indentator machine at a 

100 g load for 30 seconds. A load of 100 g was used so 

that the indentation could be properly measured (9).  

The operator of the test machine read the lengths of 

the diagonals immediately after each indentation, with 

a minimal (as short as 10 seconds) period of time 

elapsing between making and reading the indentations. 

It was assumed that due to the short time interval 

between making and reading the indentation, the 

viscoelastic recovery of the diagonals after indentation 

was minimal (32). The operator measured the 

diagonals, and the equipment automatically converted 

these measurements to VHN (kg/mm2). Three readings 

were recorded for each specimen and the mean value 

was calculated.   

All specimens were equally divided into 3 groups 

(n=5) and submitted to different conditions:  

1. Condition: Storage in distilled water at 37 ± 2 

°C for 7 days (control);  

2. Condition: Storage in artificial saliva at 37 ± 2 

°C for 30 days;  

3. Condition: Storage in disinfectant solution (1 % 

sodium hypochlorite).  

The specimens were immersed for 10 min in the 

disinfectant solutions and then rinsed with running 

water for 3 min. The specimens were disinfected twice 

for 7 days, simulating when dentures were received 

from the patient and before being returned to the 

patient. The composition of artificial saliva, which 

closely resembles natural saliva, is KCl (0.4 g/l), NaCl 

(0.4 g/l), CaCl2. 2H2O (0.906 g/l), NaH2PO4. 2H2O 

(0.690 g/l), Na2S. 9H2O (0.005 g/l), Urea (1 g/l) (33). 

All specimens were thermocycled in distilled water 

between 5 °C and 55 °C with 30-s dwell times for 2500 

cycles.  After that, the hardness of all specimens was 

obtained again using a Vickers hardness tester, three 

readings were recorded for each specimen and the 

mean value was calculated.  

 

Statistical Analysis 
 

Analysis of variance (ANOVA) was used to 

compare results from each acrylic resin denture teeth 

brand and stored condition. Significant differences 

between materials were determined using Duncan test. 

A value of p < 0.05 was regarded as statistically 

significant. In addition, t-test was used to statistically 

evaluation of the differences between the means of the 

values obtained before and after The data were 

analyzed with statistical software SPSS 17.0 (SPSS, Inc., 

Chicago,III).  

 

Results 

 

Table 2 summarizes the one-way ANOVA 

results. The VHN showed significant differences among 

the groups depending on the brand, storage conditions 

and anterior-posterior property. All interactions 

between the variables were statistically significant 

(p<0.001). Storage in different solutions and 

thermocycled procedure significantly decreased 

(p<0.001) the Vickers hardness value regardless of the 

acrylic resin denture teeth brand. 

 

 

Table 2: The results of analysis of variance (ANOVA) 

Source df MS F Sig. 

Ant-Post 1 201.48 355.20 0.000 

Brand 3 86.59 152.66 0.000 

Conditions 2 23.88 42.11 0.000 

Initial hardness (Covariate) 1 0.84 1.47 0.226 

Ant-Post*Brand 3 4.22 7.43 0.000 

Ant-Post*Conditions 2 11.91 20.26 0.000 

Brand*Conditions 6 11.49 20.99 0.000 

Ant-Post*Brand*Conditions 6 4.52 7.96 0.000 
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The minimum, maximum, means and standard 

deviations of Vickers hardness values with t-test are 

shown in Table 3. Initially, L-post showed the maximum 

hardness value and I-ant showed the minimum hardness 

value. Moreover, anterior teeth group showed the little 

hardness value from posterior teeth group in all brands. 

After storage in different solutions and thermocycled 

procedure, M-post showed the maximum hardness 

value and I-ant showed the minimum hardness value 

again. There were statistically significant differences 

between initial and final Vickers hardness values in all 

groups (p<0.001). 

 

Table 3. Mean and standard deviation of specimens 

Acrylic teeth 

brands 

Initial Vickers hardness Final Vickers hardness t-test 

Minimum Maximum Mean±SD Minimum Maximum Mean±SD 

M-ant 36.0 44.0 38.7±1.9 17.1 21.4 19.6±1.3 70.2** 

M-post 37.5 45.5 41.0±2.4 20.7 24.0 21.9±1.0 60.9** 

L-ant 37.0 43.5 39.9±1.9 15.8 20.8 18.3±1.1 74.8** 

L-post 38.0 44.0 42.0±1.6 17.4 21.7 20.1±1.0 75.4** 

R-ant 35.0 41.0 37.9±1.6 15.0 19.8 17.7±1.2 64.4** 

R-post 36.0 43.0 39.8±1.9 18.3 20.4 20.0±0.9 53.6** 

I-ant 30.5 38.0 35.0±2.1 15.3 19.0 17.4±1.0 76.3** 

I-post 34.0 43.5 38.4±2.4 18.0 20.7 18.8±0.6 58.7** 

 **:p<0.001 

 
The hardness mean and standard deviations were 

calculated for each group in all the 3 conditions. After 

storage in different solutions and thermocycled 

procedure, the mean and standard deviation values for 

each brand and condition are shown in Table. 4. M-post 

stored in 1. condition showed the maximum hardness 

value and I-ant stored in 1. condition showed the 

minimum hardness value. All posterior teeth group 

showed higher hardness value than anterior teeth group 

in all brands. 

 

 

Table 4. Means and Standard deviations of specimens after different conditions and thermal cycling procedure 

Storage 

conditions 

M-ant M-post L-ant L-post R-ant R-post I-ant I-post 

Mean±SD Mean±SD Mean±SD Mean±SD Mean±SD Mean±SD Mean±SD Mean±SD 

1.condition 20.8±0.5a 23.2±0.5a 19.2±0.2a 20.6±0.6a 17.9±1.0a 20.6±1.1a 16.5±0.8c 18.9±0.8a 

2.condition 18.3±1.1c 21.2±0.4b 18.0±1.5b 20.4±0.5a 16.6±0.7b 20.1±0.2a 18.2±0.6a 19.1±0.4a 

3.condition 19.7±0.7b 21.3±0.3b 17.7±0.4b 19.2±1.2b 18.5±0.8a 19.3±0.7b 17.3±0.9b 18.4±0.2b 

 

 

Discussion 

 

In the present study, 4 brands of acrylic resin 

denture teeth were investigated with respect to the 

effect of water immersion, artificial saliva, 1 % sodium 

hypochlorite and thermocycling procedure. The study 

hypothesis was accepted. This study demonstrated that 

storage in different solutions and thermal cycling 

decreased the Vickers hardness of the four different 

brands of acrylic resin denture teeth evaluated. 

The analysis of the surface hardness is performed 

by using many different methods. These are; Brinell, 

Rockwell, Vickers, and Knoop hardness tests. The 

surface properties of the material to be used is decisive 

at the choosing the method to be preferred. The 

hardness tests for many dental materials are defined by 

the American Dental Association (5,6). While Vickers 

and Knoop hardness methods are defined as the 

microhardness tests, Rockwell and Brinell hardness 

methods are defined as the macro hardness tests. Less 

than 9.8 N forces are applied in the microhardness tests 

and the results of the test, less than 19 µm the 

measurements values are obtained. Many researchers 

used the Vickers microhardness test method in their 



Özdemir et al.                                                  Vickers Hardness of Acrylic Teeth 

International Dental Research © 2018               121 

study of the analysis of the surface hardness of acrylic 

materials (4, 34). As a result, the Vickers 

microhardness method was used in the present study. 

According to Pavarina et al. continuous decrease 

in hardness was noticed after aging in water (9). It was 

observed that the surfaces of both acrylic resin denture 

teeth softened upon immersion in water. It seems that 

water molecules may interfere with an entanglement 

of polymer chains and thereby change the physical 

characteristics of the resultant polymer. According to 

Anusavice, this permits the relaxation of stresses 

incurred during polymerization (6).  

According to Assunção et al. regarding the storage 

periods in artificial saliva, the hardness of commercial 

brands of resin denture teeth decreased with the 

increase of storage period (24). Some authors observed 

a Vickers hardness reduction of acrylic resin denture 

teeth after immersion in water (9,19). The explanation 

for the decreased hardness is the water’s plasticizing 

effect. Considering that water, as small molecules, 

may act as a plasticizer following diffusion into the 

polymer, progressively relaxing of the polymer chains 

and subsequently reduction of hardness of the acrylic 

resin denture teeth may occur (27,31).  Regarding the 

storage of denture teeth in saliva, it was observed that 

saliva acts like water, causing the phenomenon of 

plasticizing and reduction of denture teeth hardness 

(24). Gandhi et al. reported that there was no 

significant difference in microhardness when the 

artificial teeth were subjected to chemical disinfection 

(2% glutaraldehyde, 1% sodium hypochlorite) (35).  

Vickers indentation is a valid tool for evaluating 

the hardness of rigid polymers. However, very little 

information is available on the Vickers indentation 

properties of acrylic denture teeth. This test is based 

upon the ability of the surface of material to resist 

penetration by a point under a specified load (6). The 

indentation produced on the surface of the material 

from an applied force of a sharp point or an abrasive 

particle result from the interaction of numerous 

properties. Among the properties that are related to 

the hardness of material are elastic modulus and in 

vitro wear (36). 

According to Phoenix, water sorption permits the 

relaxation of stresses incurred during polymerization 

(37). According to Campanha et al.  the hardness of 

acrylic resin denture teeth could be affected by 

microwave sterilization and water immersion (19). To 

evaluate whether water uptake would influence the 

effect of microwave sterilization on the hardness of the 

acrylic resin denture teeth, acted study also included 2 

water-immersion specimen groups. 

Some authors reported using similar disinfection 

and testing procedures. Polyzois, Zissis, and Yannikakis 

observed that storage of a denture base in 2% alkaline 

glutaraldehyde for 1 h resulted in a decrease in 

microhardness (38). In contrast, Asad et al. observed 

that storage of a denture base acrylic resin in 2% 

alkaline glutaraldehyde, 0,5 % chlorhexidine, and 

alcohol-based disinfectant solutions for up 24 h 

resulted in no significant effect on hardness values 

(39). However, highly significant change was observed 

when the resin specimens stored in glutaraldehyde and 

chlorhexidine for 7 days, were compared with the 

control specimens. According to the authors, this 

change could be accounted for by the slow absorption 

of disinfecting chemicals into the resin that resulted in 

some structural change in the polymer. Therefore, the 

absence of any effect of the disinfectant solutions in 

this study could also be attributed to the exposure time 

(20 min) to the disinfectants. It is important to mention 

that, in general, the manufacturer’s recommended 

time of immersion disinfection ranges from 10 to 30 

min.  

 

Conclusions 

 

As a result of this study, storage in different 

solutions and thermal cycling significantly decreased 

the Vickers hardness of the acrylic resin denture teeth. 

The limitation of this in vitro study include that 

disinfectant solution and storage time is not enough. 

Different disinfectant solutions will be used. Different 

type of acrylic resin denture teeth and denture base 

materials will be evaluated together. Moreover, 

thermal cycling is an in vitro process used to simulate 

clinical behavior.  The effect of thermal cycling will be 

evaluated alone and numbers of cycles will be 

increased.  
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