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ABSTRACT 
Aims: To evaluate the effect of the microwave disinfection on the dimensional changes of the heat–
cured acrylic resin. Materials and Methods: Heat–cured acrylic resin was used in this study. Thirty 
two disk–shaped specimens with reference points were prepared to evaluate the linear dimensional 
changes of the heat–cured acrylic resin that sterilized by microwave irradiation and by chemical 
solutions chlorhexidine and sodium hypochlorite. The specimens were divided into four tested groups, 
eight specimens for each group. Group I as control group and other groups divided according to the 
sterilization method. The dimensional change was evaluated with an Electronic Digital Caliper. Mean 
values wear compared statistically with: One–way Analysis of Variance (ANOVA), followed by 
Duncan's Multiple Range Test to determine the significant different among the tested groups at  
(p≤0.05) level of significance. Results: They showed that there was a highly significant difference of 
the means values of the linear dimensional change among the four tested groups. Specimens sterilized 
by microwave irradiation have a higher value than that sterilized by the chemical solutions. 
Conclusions: The results of this study appeared that sterilization by the microwave irradiation produce 
a significant effect on  the dimensional stability of the heat–cured acrylic  resin,  while sterilization by 
chemical solution  produce no significant difference.  
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INTRODUCTION 
Heat–cured acrylic resins polymethyl 

methacrylate (PMMA) are widely used 
materials for the construction of many 
dental prostheses such as jacket crowns, 
veneers for cast gold restorations, tempor-
ary crown and bridge, complete denture, 
and removable partial dentures (1, 2).       

Dental prostheses used by patients are 
exposed to normal oral microbial flora to 
include bacteria, viruses, and fungi. Dental 
personnel adjusting or repairing these 
prostheses may therefore be at risk of 
contracting infections from prostheses that 
have not been properly disinfected (3,4). 
Considerations to eliminate cross contami-
nation between the dental operator and the 
dental laboratory requires that dental pro-
stheses be disinfected before sending to 
the laboratory and before delivery to the 
Patient (5). Therefore, improved barrier tec-
hniques in handling dental prostheses are 

necessary to protect dental personnel and 
patients from bacterial and viral infection 
that can be transmitted through procedures 
associated with dental care. Sterilization 
and disinfection have become popular and 
widely used methods for eradicating micr-
oorganisms from the surface of prostheses 
and controlling cross contamination (6).   

Immersion and spray disinfection as 
well as various disinfection solutions have 
been tested and proven to be effective for 
this purpose (7). Certain combinations of 
methods / disinfectant are more effective 
than others. It is important to weigh the 
effectiveness of the method / disinfectant 
used against the possible negative side 
effects on the material. Of particular impo-
rtance are the dimensional accuracy and 
surface detail (8). 

Chemical disinfectant solutions reco-
mmended for immersion of dental prosthe-
ses include: Sodium hypochlorite, glutar-
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aldehyde, chlorine dioxide and chlorhex-
idine (4, 6).  

Clorhexidine is potent topical antisep-
tic effective in high dilutions against a 
wide range of both: Gram–positive, gram–
negative bacteria, yeast, fungi, facultative 
anaerobes and aerobes organisms. One of 
the most important disadvantages of such 
solution is the brownish discoloration of 
the teeth, tongue, plastic restoration, and 
even the acrylic denture base (6,9).  

Sodium hypochlorite is an effective 
wide spectrum disinfectant and can be 
used for routine disinfection of contamina-
ted surfaces, but its effectiveness is reduc-
ed in the presence of an organic material 
like a blood. The major disadvantage of 
sodium hypochlorite is that having a mod-
erating offensive odder due to the release 
of gaseous chlorine (10, 11).  

It has been shown that some disinfect-
tant solutions caused changes in the phy-
sical and mechanical properties of denture 
base resins. It is likely that certain compo-
nents of the disinfectant solutions may 
penetrate the material and not be comple-
tely eliminated by rinsing. These compon-
ents may be unintentionally introduced 
into the oral cavity. In addition, the use of 
disinfectants has been considered to be 
time consuming or inappropriate. If the 
prostheses is heavily contaminated, it may 
not be completely disinfected by immer-
sion alone (6).  

The use of microwave irradiation to 
disinfect dentures has recently been sug-
gested. Studies have demonstrated that the 
effectiveness of microwave disinfection in 
deactivating potentially pathogenic micro-
organisms, such as: Staphylococcus aure-
us, Pseudomonas aeruginosa, Bacillus sub-
tilis, and Candida albicans, was improved 
when the specimens were irradiated while 
immersed in water (6, 12, 13). 

The aims of this study is to evaluate 
the effect of the microwave disinfection on 
the dimensional changes of the heat–cured 
acrylic resin and compared with immerse-
on in chemical disinfectant solutions (chl-
orhexidine and sodium hypochlorite). 

 
MATERIALS AND METHODS 
Heat–cured acrylic resin Major (Major 

prodotti, Italy) was used in this study. 
Aluminum discs, 50 mm in diameter and 
0.5 mm in thickness with reference points 
A, B, C, and D was used to fabricate the 

specimens (14). Measurements were made 
across each dimension (AB and CD) direc-
tly from the aluminum discs with an Elec-
tronic Digital Caliper( ISO–USA) to the 
nearest 0.01 mm. From these measureme-
nts, a baseline measurement was calculate-
ed. These measurements were made by a 
single calibrated operator. 

Aluminum discs invested in standard 
two parts dental flasks in a manner similar 
to that used in conventional denture cons-
truction as shown in Figure (1).  

The heat–cured acrylic resin was 
mixed at powder / liquid ratio according to 
the manufacturer's instruction. Specimens 
cured with the conventional denture flask-
ing procedure. The specimens processed at 
polymerization cycle of 9 hours at 71°C in 
a thermostatically controlled water bath (6). 
Specimens were divided into four groups 
depending on the sterilization methods. 
Group I (control): specimens were imme-
rsed in distilled water for 7 days. Group II: 
specimens immersed in (0.2 %) clorhexid-
ine solution at room temperature (21° 
C±1), the time recommended for disinfe-
cting about (30) minutes (15), then  immers-
ed in distilled water. This procedure repe-
ated every day for 7 days. Group III: 
specimens immersed in (0.05 %) sodium 
hypochlorite solution at room temperature 
(21° C±1), the time recommended for 
disinfecting about (10) minutes (11,15), then 
immersed in distilled water. Also this pro-
cedure repeated every day for 7 days. 
Group IV specimens were sterilized by 
microwave energy, the specimens were 
individually placed in a 200–ml beaker of 
distilled water at room temperature (21° 
C±1) in the microwave oven (Samsung, 
Model RE–570 D, 0.6 cuft, Korea) and 
subjected to microwave sterilization at 650 
W for 6 minutes, then  also immersed in 
distilled water (6), the procedure repeated 
every day for 7 days. Water temperature 
that used during microwave sterilization 
was measured after sterilization by a 
digital thermometer (MY–14, CHINA), it 
was (71° C). Eight specimens for each 
group were prepared, so the final total 
number was thirty two. 
Measurement of linear dimensional 
changes: 

Poly methyl methacrylate (PMMA) 
undergo unavoidable dimensional changes 
during fabrication, such as thermal expan-
sion on heating, contraction on cooling, 
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and polymerization contraction (16). Linear 
shrinkage has been reported to be 0.2–0.9 
% for commercial acrylic resins (17). So in 
respect to this changes and to exclude such 
dimensional changes that may result 
during specimens preparation, measureme-
nts were made on all specimens after 
specimens preparation and after treated  in 
four tested groups.  
The symmetrically located index mar-ks of 
the aluminum discs, which were 
reproduced by the specimens, facilitated 
the direct comparison of the linear dimen-
sion change in each of the specimens, 
Figure (1). The difference between the 

dimensions across each (AB and CD) dim-
ension of each specimen before and after 
sterilization  was calculated as a linear 
dimensional changes. Measurements were 
made on all specimens by the same invest-
tigator. Six measurements were made acr-
oss each line for each specimen. 

Statistically, mean values and standard 
deviation wear calculated. The resulting 
data were subjected to One–way Analysis 
of Variance. Duncan's Multiple Range test, 
was used to determine the significant diff-
erent among the groups at (p≤ 0.05) level 
of significance. 

 
 
 
 
 
 
 
 
 
 

 
 

Figure (1):   Aluminum disk flaking and acrylic resin 
specimen measurement with digital caliper 

 
RESULTS AND DISCUSSION 
The means of the linear dimensional 

changes were shown in Table (1). Results 
of ANOVA of this study were listed in 
Tables (2–5). The result of ANOVA in 
Table (2) showed that there was highly 
significant difference for the linear dime-
nsional changes among the four tested 
groups, it means that the methods of the 
sterilization have a different effect on the 
dimensional stability of the acrylic resins 
and cause dimensional changes.   
The results of ANOVA in Tables (3 and 4) 
showed there was no significant difference 
between Group I (control gro-up) 
specimens  immersed in distilled wat-er, 
and Group II specimens that sterilized by 
immersion in (0.2 %) clorhexidine 
solution, also with Group III specimens 

sterilized by immersion in (0.05 %) 
sodium hypochlorite solution. While the 
results of ANOVA in Table (5) showed 
highly significant difference between 
Group I, and Group IV specimens which 
sterilized by microwave irradiation meth-
od. The results of Duncan's Multiple 
Range test in Table (6) showed sterilizati-
on by microwave method Group IV had 
the greatest effect and cause linear 
dimensional  changes ( 0.35 mm ), then 
followed by Group III with less effect (0.2 
mm) linear dimensional  changes, while 
Group II cause (0.18 mm) linear dimen-
sional changes which had less effect than 
effect of Group III and Group IV. Group I 
had the least effect and cause (0.1 mm) 
linear dimensional changes. 
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 Table (1): Means of the linear dimensional changes (mm) 
of the tested groups. 

Group I: specimens immersed in distilled water (controlled 
group); Group II: specimens immersion in (0.2 %) 
chlorhexidine solution; Group III: specimens immersion in 
(0.05 %) sodium hypochlorite  solution; Group IV: specimens 
sterilized by microwave irradiation. 

 
 
 
 

Table ( 2 ): ANOVA for the means of the of linear dimensional 
changes (mm) of the tested groups. 

Linear dimensional changes (mm) S.O.V DF SS MS F * P≤ 0.01 
Tested groups 3 0.2614 0.0871 8.09 0.000 

Error 28 0.3014 0.0108   
Total 31 0.3528    

* Mean: Highly significant; DF: Degree of freedom; SS: Sum of squares; 
MS: Mean of squares. 

 
 
 

Table (3): ANOVA for the means of the of Linear dimensional 
Changes (mm) of the Group I and Group II. 

Linear dimensional changes of (mm) S.O.V DF 
SS MS F * P≤ 0.01 

Tested groups 1 0.0256 0.0256 2.73 0.121 
Error 14 0.1314 0.00939   
Total 15 0.1570    

* Means  are not significant; DF: Degree of freedom; MS: Mean of squares. 
 

 
Table ( 4 ): ANOVA for the means of the of linear dimensional 

changes (mm) of the Group I and Group III. 
Linear dimensional changes of (mm) S.O.V DF SS MS F * P≤ 0.01 

Tested groups 1 0.04 0.0400 3.11 0.1 
Error 14 0.18 0.0129   
Total 15 0.22    

* Means  are not significant; DF: Degree of freedom; MS: Mean of squares. 
    

 
Table ( 5 ): ANOVA for the means of the of linear dimensional 

changes (mm) of the Group I and Group IV. 
Linear dimensional changes of (mm) S.O.V DF SS MS F * P≤ 0.01 

*Tested groups 1 0.25    0.25000   50.00    0.000 
Error 14 0.07    0.00500   
Total 15 0.32    

*Means  are highly significant different; DF: Degree of freedom; MS: Mean of 
squares. 

 

Tested groups Number Mean 
Group I 8 0.1 
Group II 8 0.18 
Group III 8 0.2 
Group IV  8 0.35 
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Table (6): Duncan Multiple Range test for the mean of the linear 

dimensional changes (mm) of  the tested groups. 
Linear dimensional changes (mm) Tested groups 

Number Mean ± SD *Grouping 
Group I 8 0.1  ±  0.0756 A 
Group II 8 0.18  ± 0.1143 A 
Group III 8 0.2  ± 0.1414 A 
Group IV  8 0.35  ± 0.0655 B 

*Means with different letters are highly significantly different at  P ≤ 0.01, 
and the means with the same letter are not significantly different at  P ≤ 
0.05; SD: Standard deviation; Group I: specimens immersed in distilled 
water (control group); Group II: specimens immersed in (0.2 %) 
clorhexidine solution; Group III: specimens immersed in (0.05 %) sodium 
hypochlorite solution; Group IV: specimens sterilized by microwave 
irradiation. 
 

The dimensional changes in Group I  
related to that, the polymethyl methacry-
late acrylic resins were hydrophilic, the 
absorption is undoubtedly due primarily to 
the polar properties of resin molecules. So 
acrylic resin have a tendency to absorb 
water, which causes dimensional change 
(12, 18–21). This result comes in agreement 
with the result of Karl etal (13), in that 
during clinical use the acrylic resins that 
when immersed in saliva or soaked in 
denture cleansing solutions or water, 
resulting in absorption of water. The 
phenomena of sorption producing deleteri-
ous effects on the structure and function of 
the polymeric material. These effects may 
include volumetric changes such as swell-
ing The swelling (expansion) of the resin 
is produced by water absorption forcing 
the macromolecules apart (18– 20, 22). 

The dimensional changes that result 
from sterilization by chemical solutions in 
Groups II and III come in agreement with 
the finding of Arthur etal (18) and others (19, 

20) in that, regardless of specific chemistry, 
dental polymers tend to undergo adsorp-
tion of liquids. The polymer networks may 
absorb water and chemicals from the 
environment. In turn, the network may 
release components to its surroundings 
producing deleterious effects including 
dimensional instability. 

A possible explanation of linear dim-
ensional changes in Groups IV is the 
increasing water temperature, during 
microwave disinfection increased  from 
(21°C ±1)  and reached (71°C). This result 
come in agreement with the finding of 
Karl etal (13), in that during microwave 

disinfection the materials are exposed to 
high temperature. Microwaves cause the 
water molecules to vibrate 2 to 3 billion 
times / second, thus producing friction that 
results in the heating of the water. And the 
high temperatures associated with the 
movements of molecules probably cause 
the water molecules to diffuse more 
rapidly into the polymer (6). The uptake of 
water may cause swelling that affects the 
dimensions of the restoration  and 
chemical changes such as oxidation and 
hydrolysis (18). Also when heat–cured resin 
subjected to further heating, additional 
dimensional change was expected because 
of the release of the inherent stress 
established during the first curing (23). But 
this result disagree with the finding of 
Burns etal (24), in that sterilization by 
microwave irradiation produced no clin-
ically significant influence on the dimen-
sional stability of acrylic resins. 
So sterilization method that produce low 
water sorption has been considered desi-
rable for dimensional stability of dental 
prostheses (21). 
 

CONCLUSSIONS 
The results proved that the sterilization 

by the microwave irradiation produce a 
significant effect on the dimensional stabi-
lity of the heat–cured acrylic resin, while 
sterilization by chemical solution (0.2 %) 
clorhexidine solution and (0.05 %) sodium 
hypochlorite solution, produce no signi-
ficant difference.  
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