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ABSTRACT
Microwave radiation has been used for sterilization and disinfection of dental prosthesis which  

considered as an alternate method for chemical disinfectants.Aim: to evaluate the influence  of mi-
crowave as a disinfection procedure on the colour ,the transverse strength and  dimensional stability  
on  the thermoplastic resin denture base and compare it with two types of conventional acrylic resin  
at different exposure times 

Material and methods: 180  samples were made, 60 for each of the next tests (colour, trans-
verse strength and dimensional stability) .The samples of each test, were  subdivided into three 
groups each group has 20 samples according to  the denture base material used (Breflex thermo-
plastic resin, heat cure and self cure). Each test were divided into four groups, one control and the 
other groups according to the time of microwave disinfection that were utilized (5,10,15 minutes) at 
650 watt. Colour, transverse strength and dimensional stability parameters were measured with and 
without disinfection. Data were analyzed with ANOVA and Post-hoc Tukey’s tests with statistically 
significant at p ≤ 0.05  .

 Result: Microwave disinfection had no significant influence on the colour, the transverse 
strength beside the dimensional changes of all denture base materials at all the disinfection inter-
vals, except it has a significant influence on the colour of heat cure for 15 minutes. Breflex  showed 
a significantly increase in the flexural strength also, improvement in its fitness  to the casts  when 
compared with both heat  and self cured resins after  treated with microwave. 

Conclusion: Microwave can be used safely for disinfection of all the denture base material 
except heat cure for  15 minutes. Breflex is the best  due to it has no  influence on its  colour ,  in-
crease  the flexural strength, as well as dimensionally stable when compared with both heat  and 
self cured acrylic resins
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INTRODUCTION 

Oral hygiene have considerable value   specially 
with removable prosthodontics   wearers, because 
they may be the  possibility  origin of infection due to  
the aggregation of deposits, such as food remnants, 
stains  as well, it may cause unpleasant  breath, 
periodontal diseases and caries in patients with  
remaining teeth. Dentures can be the position of the 
microorganisms that may cause  systemic diseases 
as stomach, intestinal infections , pneumonia and 
bacterial endocarditis     (1). 

 In addition, they have the ability to adhere the 
tissue surface of dentures causing initiation and 
spread of denture stomatitis   (2).Which is the most 
prevalent form of oral candidal infection with total 
incidence of around  65% of denture wearers (3).
Treatment of denture stomatitis contains  perfect 
oral hygiene, denture cleaning techniques, systemic 
or topical antifungal medication , Cessation of 
denture wear and finally, replacement of the denture 
(3,4).

Cleaning the dentures should be easy and quick 
,there are several techniques to disinfect denture,  
mechanical  procedures as well as chemical 
procedures in addition cleanser tablets. (5).

 The disinfection techniques for complete and 
partial dentures are yet controversial because they 
can change  some properties  of the materials  and 
clinical aspects(6). 

Therefore, other techniques, like microwave 
radiation oven has been introduced to be used in  
disinfection of  dentures due to the simple approach 
in many houses and the problem of denture 
disinfection by most of the elderly patients(6,7).

It is used  as alternate to the domestic brushing in 
addition as an  alternative to  chemical disinfectants 
because  it is more effective , free from chemicals, 
fast, there is no need for  specific storage , it hasn’t 
an expiry date and does not encourage resistance to 
Candida albicans  as well as It destroy the growing  
microorganisms(8). 

Microwaves are a kind  of electromagnetic 
energy with wavelengths nearby in frequency to 
television transmissions. It is known that heating in  
microwave is an energy transformation and differs 
in heating with conventional oven(9).  

The master goal of microwave disinfection is to 
disrupt potentially pathogenic microorganisms but  
the  precise technique of microwaves for destruction 
of  microorganisms not clearly understood (10).  

Several studies claiming  that the destruction 
of the microorganisms is directly of thermal 
manner,while others claiming that non thermal 
manner has  a significant action (7,10).  

The effectiveness of microwave radiation  appear 
to be related with the strength of the microwave oven, 
exposure time, the medium in which the dentures 
are Submerged and the kind of  microorganisms (11).  

A study evaluated the Influence of microwave 
as  a disinfectant  of  the dentures  which infected  
by C. albicans. The test displayed  that the dentures 
when  Submerged in water path for 5 minutes in the 
microwave all microorganisms were  removed (12). 
Another Research claimed that  the uses of microwave 
(650 W  for 6 minutes) caused  sterilization of the 
dentures from S.aureas and C.albicans (13).  

Microwave irradiation   efficiency   seems to 
be related with the kinds of denture base materials. 
Thus, establishing the   protocol of microwave must 
be fundamental with the goal to obtain sterilization 
without damage the denture base materials(14).   Heat 
cure polymethyl methacrylate is The widely used 
material in complete dentures construction(15).  

Nowadays dentists are recommended  flexible 
material for removable prosthodontics specially 
the cases having undercut areas which  can be 
used for retention. Thermoplastic acrylic resin 
materials chosen in   partial dentures cases because  
its flexibility  allows  it  to avoid or  minimize 
masticatory  stresses from being  transmitting  to the 
tissues and adjacent teeth(16). 

The colour of denture bases of these materials 
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are  coincide with the oral mucosa  in addition  
remove the use of metal clasps (17).  

Sinch et al. in 2013(18) concluded that flexible 
partial dentures (FPD) could be the choice for the 
replacement of missing teeth when the patient 
is worried about aesthetics. FPD had given an 
alternative to the complicated designing of metallic 
partial dentures.

However, there is little knowledge concerning 
the influence of microwave irradiation  on  the  
colour stability, mechanical and physical properties 
of the thermoplastic resin materials.

As a result, this study performed to assess the 
influence  of microwave as a disinfection procedure 
on the thermoplastic resin denture base and compare 
it with two types of conventional acrylic resin  at 
different exposure times as regards the colour 
stability (aesthetics regarding  the colour of denture 
base material  is an essential factor for its success), 
the transverse strength (as an indicator of strength of 
denture bases)and  dimensional stability  (as it affect 
the retention  and stability of the denture as well as 
keeping the supporting tissues healthy)in order to 
choose the best  material for denture construction  

MATERIALS AND METHOD

In this study, 180  samples : 60  for  colour change 
test, 60  for  The transverse strength test and 60 for 
dimensional stability (warpage test). The samples of 
each test, were subdivided into three groups each 
group has 20 specimens according to the denture 
base materials used as shown in  table 1

TABLE (1) The  denture base materials

Material Manufacturer
1 Bre-flex . (thermoplastic) 

denture base materials
(BREDENT, Germany)

2 conventional heat-cured 
denture base materials

Acrostone , Egypt

3 Self-cured acrylic resin  Acrostone , Egypt

Samples Preparation for  colour stability  and 
transverse strength test:

Total number of  60 rectangle- shaped samples 
(20 of each of selected materials) were prepared   by 
using a metallic mold of the following dimensions 
(10 length x 10 width x 4 mm thickness for testing 
colour stability(19) as well as another  60 rectangle- 
shaped samples (20 of each of selected materials) 
were prepared on the following dimensions 65 mm 
length x 10 mm width x 2.5  mm thickness For 
transverse strength test (20).   Breflex (Thermoplastic) 
samples were fabricated on the report of the 
manufacturer’s directives using the thermopress 
injection molding system (Vertex™ ThermoJect22). 
The material injected with a pressure of 110 psi at 
280° C. for  20miutes(21). The  samples from heat 
cured acrylic were constructed on the report of 
manufacturer’ instructions using a compression 
molding (trial-pack) technique and curing of  PMMA 
acrylic resin performed  in water bath at 70°C for7- 
9 hours followed by 100°C for 30 minutes. Self-
cured acrylic resin samples were packed in the 
molds and the polymerization process was carried 
out at 25°C for 10 minutes. After deflasking, all the 
samples were finished and polished with the use 
of water to prevent exaggerated heat, which may 
lead to deformation of the samples. The samples 
were stored for 24 hours in distilled water at room 
temperature

Samples Preparation for Dimensional stability 
(Warpage test)

Total number of  60 samples (20 of each of 
selected materials ) were constructed by the use of  
a sectional maxillary metallic cast which acts as the 
dimensions of the palate and the edentulous ridge  ,It 
has five fine parallel lines inscribed on its posterior 
aspect   to be used as a reference measuring sites(22).  
The metallic cast  was duplicated using polyvinyl 
siloxane (Silastic E; Dow Corning, Midland, Mich, 
USA) to prepare 60  similar standardized sectional 
casts  made from dental stone. Base plate wax  of 2 
mm thickness was adapted over each cast and sealed  
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well at the peripheries. Flasking  and processing 
performed according to ordinary laboratory 
techniques and manufacture’s directives, to produce 
60 sectional maxillary denture bases made from 
different denture base materials. Deflasking was 
achieved  carefully  to prevent damage of casts as 
well as  polishing to prevent raise in temperature 
which can perform warpage  . Dentures were then 
cautiously seated with mild pressure on the stone 
cast 

Disinfection methods using the microwave radiation

60 samples of  each colour stability,  transverse 
strength and Dimensional stability (Warpage) tests, 
20 samples  for each denture base materials  (Breflex, 
heatcure and self cure acrylic resin groups) were 
randomly divided into 4 groups (n=5), according 
to the  exposure to microwave energy  and its  
exposure time  as follows: Five control samples (not 
disinfected), five samples disinfected for 5 minutes, 
five samples disinfected for 10 minutes and  five 
samples disinfected for 15 minutes .

In disinfection groups radiation in the microwave 
was done  with 650 watts of power.  All the samples 
of test groups of the different denture base materials   
were placed in glass containers containing 150 ml 
of distilled water (23).  

Colour Measurements

The color of each sample was measured by using 
a spectrophotometer (Thermo Fisher Scientific)* 
(Figure 1) which measured the light absorption of 
each sample. Each sample was evaluated  as regards 
the color change (ΔE) by using the International 
Commission  on Illumination (CIE L*a*b*) color 
concept  through the next equation: ΔE = [(ΔL*)2 + 
(Δa*)2 + (Δb*)2]1/2. (24,25).  

All samples were assessed for color changes 
either those disinfected by microwave or without 
disinfection to evaluate its effectiveness by fixing 

Fig. (1) Spectrophotometer (Thermo Fisher Scientific)*

Fig. (2) Universal testing machine**

the samples to the holder  of spectrophotometer 
then turn on the device and the samples were tested. 
In addition, the changes in the colour of denture 
bases materials clinically can be quantified by the 
National Bureau of Standards (NBS) units using the 
next formula NBS units = ΔE×0.92

Transverse Strength Test: 

The test was carried by using  three- points bend-
ing on an universal testing machine (Figure2). The 
devise was supplied with a middle loading plunger 
and two supports,. The loading plunger  was exert 
force in Newten with speed of 5mm/min. placed on 
the middle of the samples until fracture occurs  in 
acrylic resin groups . Bre-flex samples  were not  

* Madison, WI 53711  USA
** Comten Industries,Inc.St.Petersburg, Florida,USA. Model  no942D10-20
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fractured, but they were   deflected until  the sam-
ples  become as a U shape. The transverse strength 
were calculated  by  using  the following mathemat-
ical equation: S=3PI/ 2bd2 S= transverse strength 
(Newton /mm2) b= width of sample (mm) d= depth 
of sample (mm)   I= distance between supports (mm) 
P= the load at fracture or deflection (Newton). (23)

Measuring  of (Warpage test)

The vertical distance between the fitting sur-
face of the finished denture bases and the stone 
casts was carried by using a Tool- Maker’  
microscope ** (Figure3) (its  least reading was 
0.01mm). The measurement locations were deter-
mined along five points, point C represented  the 
center of the palate, points R and L represented the 
crests of the  ridge on both sides ,  and A and B were 
points half way from the crest of the ridge to the 
center of the palate. (26)The five palatal location mea-

surements for each cast were averaged into a single 

measure of dimensional change, for data analysis

Data was collected and analysis of it  was done 

by IBM SPSS software package version 20.0. 

ANOVA and Post-hoc Tukey’s tests. The level of 

statistical significance was taken as p value <0.05.

Fig. (3) Tool- Maker’ 
microscope 

TABLE (2): Comparison between the different exposure times according to the mean values of  color change 
(ΔE) and standard deviations  in each material

∆E
Control  
(n = 5)

Times of microwave disinfection
F (p)

5 minutes (n = 5) 10 minutes (n = 5) 15 minutes(n = 5)

Heat cure

Mean ± SD. 3.6 ± 0.2 3.6 ± 0.1 3.4 ± 0.2 3.4 ± 0.1 3.632* 
(0.036*)Median (Min. – Max.) 3.8 (3.3 – 3.8) 3.6 (3.5 – 3.7) 3.5 (3.2 – 3.5) 3.4 (3.3 – 3.4)

pcontrol 0.971 0.125 0.049*

Sig. bet. grps. p1=0.257,p2=0.155,p3=0.989

Self-cure

Mean ± SD. 3.4 ± 0.04 3.6 ± 0.1 3.6 ± 0.2 3.5 ± 0.2 1.441 
(0.268)Median (Min. – Max.) 3.5 (3.4 – 3.5) 3.6 (3.5 – 3.7) 3.5 (3.4 – 3.9) 3.6 (3.1 – 3.7)

Breflex

Mean ± SD. 3.4 ± 0.1 3.5 ± 0.2 3.5 ± 0.3 3.4 ± 0.1 0.485 
(0.697)Median (Min. – Max.) 3.4 (3.3 – 3.5) 3.5 (3.3 – 3.8) 3.4 (3.3 – 4) 3.5 (3.4 – 3.5)

F: F for ANOVA test, Pairwise comparison bet. each 2 groups was done using Post Hoc Test (Tukey)
p: p value for comparing between different times in each material
pControl: p value for comparing between control and each other groups
p1: p value for comparing between 5 minutes and 10 minutes
p2: p value for comparing between 5 minutes and 15 minutes
p3: p value for comparing between 10 minutes and 15 minutes
*: Statistically significant at p ≤ 0.05

* MSSI Company, West Germany
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RESULTS

Table 2 and (Graph1)  showed the mean values 
of  color change (ΔE) and standard deviations  of  
denture base materials  studied after  disinfection 
by microwave at different exposure times (5, 10 and 
15 minutes)

ANOVA test detected no significant color change 
in  microwaved samples of thermoplastic (breflex) , 
self-cure  at all the intervals  and  heat cure acrylic 
resins only at (5 and 10 minutes)  compared to the 
control groups. However, a significant change in the 

color was found in heat cure at 15 minutes (P=0.049)

Post hoc test for comparisons between different 
times of disinfection in each material showed 
no significant changes in color for  all the tested 
samples of the three materials. (Table 3) and 
(Graph2)  showed comparison  between the different 
studied denture base materials according to color 
change (ΔE) in the samples that disinfected with 
microwave at different intervals (5,10,15 minutes.) 
as well as control groups. It was found that there is 
no significant color change  between  them.

TABLE (3): Comparison between the different studied materials according to color change (ΔE)  at  different 
exposure times

Times of microwave 
disinfection

ΔE
F(p)

Heat cure(n = 5) Self-cure (n = 5) Breflex (n = 5)
Control

Mean ± SD. 3.6 ± 0.2 3.4 ± 0.04 3.4 ± 0.1 3.113 
(0.081)Median (Min. – Max.) 3.8 (3.3 – 3.8) 3.5 (3.4 – 3.5) 3.4 (3.3 – 3.5)

5 minutes
Mean ± SD. 3.6 ± 0.1 3.6 ± 0.1 3.5 ± 0.2 0.705 

(0.514)Median (Min. – Max.) 3.6 (3.5 – 3.7) 3.6 (3.5 – 3.7) 3.5 (3.3 – 3.8)
10 minutes

Mean ± SD. 3.4 ± 0.2 3.6 ± 0.2 3.5 ± 0.3 1.729 
(0.219)Median (Min. – Max.) 3.5 (3.2 – 3.5) 3.5 (3.4 – 3.9) 3.4 (3.3 – 4)

15 minutes
Mean ± SD. 3.4 ± 0.1 3.5 ± 0.2 3.4 ± 0.1 0.444 

(0.651)Median (Min. – Max.) 3.4 (3.3 – 3.4) 3.6 (3.1 – 3.7) 3.5 (3.4 – 3.5)
F: F for ANOVA test, Pairwise comparison bet. each 2 groups was done using Post Hoc Test (Tukey)
p: p value for comparing between different materials in each time

Fig. (1): Comparison between the different exposure times 
according to the mean values of  color change (ΔE) and 
standard deviations  in each material 

Fig. (2): Comparison between the different studied materials 
according to color change (ΔE)  at  different exposure 
times
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Table 4 (Graph3)  shows the means and standard 
deviations of  National Bureau of Standards (NBS) 
units  for denture base materials after disinfected 
by microwave  in different  exposure time. The 
results revealed  that when using ANOVA  test  it 
was detected  that no significant color change in  
microwaved samples of thermoplastic (breflex), 
heat cure and  self-cure acrylic resins  at all the 

intervals compared to the control groups. As 
well, when comparing  between different times of 
disinfection in each material using Post hoc test 
showed no significant changes in color for  all the 
tested samples of the three materials.

In addition, When comparing between the 
different studied material according to NBS in 
each time  in (Table 5) and (Graph 4) showed no 

TABLE (4): Comparison between the different exposure times according to the mean values and standard 
deviations  of  NBS in each material

NBS
Control  
(n = 5)

Times of microwave disinfection
F (p)5 minutes 

(n = 5)
10 minutes 

(n = 5)
15 minutes 

(n = 5)
Heat cure

Mean ± SD. 3.3 ± 0.2 3.3 ± 0.1 3.1 ± 0.2 3.2 ± 0.2 1.327 
(0.300)Median (Min. – Max.) 3.5 (3.1 – 3.5) 3.3 (3.2 – 3.6) 3.1 (3 – 3.4) 3.2 (2.9 – 3.5)

Self-cure
Mean ± SD. 3.2 ± 0.04 3.2 ± 0.05 3.3 ± 0.3 3.3 ± 0.3 1.130 

(0.367)Median (Min. – Max.) 3.2 (3.1 – 3.2) 3.3 (3.3 – 3.4) 3.2 (3.2 – 3.8) 3.3 (2.9 – 3.6)
Breflex

Mean ± SD. 3.1 ± 0.1 3.1 ± 0.2 3.2 ± 0.2 3.2 ± 0.1 0.490 
(0.694)Median (Min. – Max.) 3.1 (3 – 3.2) 3.2 (3 – 3.5) 3.2 (3.1 – 3.7) 3.2 (3.1 – 3.3)

F: F for ANOVA test, Pairwise comparison bet. each 2 groups was done using Post Hoc Test (Tukey)
p: p value for comparing between different times in each material

TABLE (5): Comparison between the different studied materials according to NBS at  different exposure 
times.

Times of microwave 
disinfection

NBS
F(p)Heat cure 

(n = 5)
Self-cure 

(n = 5)
Breflex
(n = 5)

Control
Mean ± SD. 3.3 ± 0.2 3.2 ± 0.04 3.1 ± 0.1 3.074 

(0.084)Median (Min. – Max.) 3.5 (3.1 – 3.5) 3.2 (3.1 – 3.2) 3.1 (3 – 3.2)
5 minutes
Mean ± SD. 3.3 ± 0.1 3.2 ± 0.05 3.1 ± 0.2 1.084 

(0.369)Median (Min. – Max.) 3.3 (3.2 – 3.6) 3.3 (3.3 – 3.4) 3.2 (3 – 3.5)
10 minutes
Mean ± SD. 3.1 ± 0.2 3.3 ± 0.3 3.2 ± 0.2 1.106 

(0.363)Median (Min. – Max.) 3.1 (3 – 3.4) 3.2 (3.2 – 3.8) 3.2 (3.1 – 3.7)
15 minutes
Mean ± SD. 3.2 ± 0.2 3.3 ± 0.3 3.2 ± 0.1 0.438 

(0.655)Median (Min. – Max.) 3.2 (2.9 – 3.5) 3.3 (2.9 – 3.6) 3.2 (3.1 – 3.3)

F: F for ANOVA test, Pairwise comparison bet. each 2 groups was done using Post Hoc Test (Tukey)
p: p value for comparing between different materials in each time
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significant color change  between  the samples that 
disinfected with microwave at different intervals 
(5,10,15 minutes.) as well as control groups. 

The transverse strength of the samples  of  
different studied denture base materials that 
disinfected by microwave is generally reduced 
between the different groups (5, 10 and 15 minutes) 
of the same material however control group samples 
had the highest mean values while disinfection  of 
the samples at 15 minutes had the lowest mean value 
as shown in (Table 6) and (Graph 5) .The statistically 
analysis indicated that regarding the microwave 
disinfected samples there is no significant difference 
in transverse strength values between the different 
groups of the same material

(Table 7) and (Graph 6) show comparison  
between the different studied denture base materials 
according to transverse strength (MPa). It was 
found that in control groups there is no significant 
difference  in transverse strength between heat cure 
acrylic resin and self cure acrylic resin . Also, their is 
significant differences of flexural strength between 
bre-flex  and heat cure as well as self cure, however 
bre-flex is higher than both materials. In addition, 
the samples that disinfected with microwave at 
different intervals (5,10,15 minutes) displayed that 
there is a significant differences between heat cure 

acrylic resin and self cure acrylic resin. Moreover, 
stated a highly significant difference between Bre-
flex and heat cure samples, as well as too highly 
significant differences between Bre-flex and self 
cure (Table 8) and (Graph7) show average of mean 
values of the dimension changes (warpage) of 
posterior palatal seal (A,B,C,D & E )of the studied 
samples  of  heat cure and self cure  acrylic resins 
that disinfected by microwave is increased between 
the different groups (5, 10 and 15 minutes) however 
control group samples had the lowest mean values 
of gap spaces while disinfection  of the samples at 
15 minutes had the highest mean value  of gap. 

 In contrary  to the previous results  the samples 
Breflex thermoplastic resin  showed decrease in the 
warpage between the different groups. However, 
control group samples had the highest mean values 
of gap spaces while disinfection  of the samples 
at 15 minutes had the lowest mean value  of gap.  
The statistically analysis indicated that regarding    
the microwave disinfected samples there is no 
significant difference in  mean values of the  gap 
of all the groups which disinfected at 5, 10 and 15 
minutes when compared to each other as well as to 
the control groups in the same material  at p ≤ 0.05.

In comparing the samples of different denture 
base materials in (Table 9) and (Graph8) it was 

Fig. (3): Comparison between the different exposure times 
according to the mean values and standard deviations  
of  NBS in each material

Fig. (4): Comparison between the different studied materials 
according to NBS at  different exposure times.
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TABLE (6): Comparison between the different studied groups according to flexural strength (MPa) in each 
material

Acrylic resin material
Times of microwave disinfection

F (p)Control  
(n = 5)

5 minutes 
(n = 5)

10 minutes 
(n = 5)

minutes 15 
(n = 5)

Heat cure
Mean ± SD. 122.1 37.7 ± 118.2 34 ± 110.4 36.7 ± 96.9 22.9 ± 0.558  

(0.650)Median (Min. – Max.) 115.2 (78.5–165.4) 114.1 (77.5–155.2) 104 (70.2–170.2) 96.9 (66.4–130.7)
Self-cure

Mean ± SD. 66.3 16.1 ± 66 17.4 ± 58.2 15 ± 44.6 7.1 ± 2.455  
(0.101)Median (Min. – Max.) 63.1 (45.2 85.2 –) 64.3 (42.5 84.1 –) 54.1 (42.6 82.1 –) 41.5 (37 52.5 –)

Thermo-elastic
Mean ± SD. 212.6 48 ± 205.3 37.2 ± 193.1 21.4 ± 181.8 15.3 ±

0.843 
(0.490)Median (Min. – Max.) 190.2(170.6–288.1) 189.5 (169–257.1) 189.1(170.5–228.6)

178.3(165.4–
205.6)

F: F for ANOVA test, Pairwise comparison bet. each 2 groups was done using Post Hoc Test (Tukey)
p: p value for comparing between different times in each material
pControl: p value for comparing between control and each other groups
p1: p value for comparing between 5 minutes and 10 minutes   p2: p value for comparing between 5 minutes and 15 minutes
p3: p value for comparing between 10 minutes and 15 minutes    *: Statistically significant at p ≤ 0.05

TABLE (7): Comparison between the different studied groups according to flexural strength (MPa) in each 
time

Times of microwave 
disinfection

Acrylic resin material
F(p)Heat cure 

(n = 5)
Self-cure 

(n = 5)
Thermo-elastic 

(n = 5)
Control

Mean ± SD. 122.1±37.7 66.3±16.1 212.6±48 20.524* 
(<0.001*)Median (Min. – Max.) 115.2(78.5–165.4) 63.1(45.2–85.2) 190.2(170.6–288.1)

Sig. bet. grps p1=0.076, p2=0.005*, p3<0.001*

5 minutes
Mean ± SD. 118.2±34 66±17.4 205.3±37.2 26.176* 

(<0.001*)Median (Min. – Max.) 114.1(77.5–155.2) 64.3(42.5–84.1) 189.5(169–257.1)
Sig. bet. grps p1=0.048*, p2=0.002*, p3<0.001*

10 minutes
Mean ± SD. 110.4±36.7 58.2±15 193.1±21.4 34.182* 

(<0.001*)Median (Min. – Max.) 104(70.2–170.2) 54.1(42.6–82.1) 189.1(170.5–228.6)
Sig. bet. grps p1=0.020*, p2=0.001*, p3<0.001*

15 minutes
Mean ± SD. 96.9±22.9 44.6±7.1 181.8±15.3 88.690* 

(<0.001*)Median (Min. – Max.) 96.9(66.4–130.7) 41.5(37–52.5) 178.3(165.4–205.6)
Sig. bet. grps p1=0.001*, p2<0.001*, p3<0.001*

F: F for ANOVA test, Pairwise comparison bet. each 2 groups was done using Post Hoc Test (Tukey)
p: p value for comparing between different materials in each time
p1: p value for comparing between Heat cure and Self-cure     p2: p value for comparing between Heat cure and Thermo-elastic
p3: p value for comparing between Self-cure and Thermo-elastic          *: Statistically significant at p ≤ 0.05 
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Graph (5): Comparison between the different studied groups 
according to flexural strength (MPa) in each material

Graph (6):  Comparison between the different studied groups 
according to flexural strength (MPa) in each time 

Table (8): Comparison between the different studied groups according to average of the mean values of the 
dimension changes at the five palatal measurements in the same material

Acrylic resin material

Times of microwave disinfection

F (p)Control  
(n = 5)

5 minutes 
(n = 5)

10 minutes 
(n = 5)

15 minutes 
(n = 5)

Heat cure

Mean ± SD. 0.49 ± 0.14 0.60 ± 0.23 0.66 ± 0.10 0.77 ± 0.22 2.140 
(0.135)Median (Min. – Max.) 0.52 (0.35 – 0.68) 0.56 (0.36 – 0.96) 0.71 (0.50 – 0.74) 0.71 (0.61 – 1.15)

Self-cure

Mean ± SD. 0.67 ± 0.17 0.78 ± 0.22 0.84 ± 0.29 0.95 ± 0.16 1.529 
(0.245)Median (Min. – Max.) 0.65 (0.48 – 0.94) 0.78 (0.53 – 1.06) 0.93 (0.54 – 1.21) 0.96 (0.73 – 1.16)

Thermo-elastic

Mean ± SD. 0.24 ± 0.13 0.22 ± 0.03 0.20 ± 0.07 0.19 ± 0.06 0.227 
(0.876)Median (Min. – Max.) 0.27 (0.10 – 0.42) 0.20 (0.19 – 0.26) 0.16 (0.15 – 0.32) 0.19 (0.13 – 0.28)

F: F for ANOVA test                   p: p value for comparing between different times in each material

found that  the average of the mean values of the 

dimension changes (warpage) of posterior palatal 

seal  gap in heat cure  is  lower than self-cure 

either samples disinfected with microwave  or not 

disinfected but the difference  is not significant

Moreover, in disinfected and non-disinfected 
samples displayed that there is lower in dimension 
changes in  Bre-flex  in comparison to heat cure as 
well as self cure. Bre-flex demonstrated a highly sig-
nificant difference with  heat cure samples, as well 
as too highly significant differences with self cure
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Graph (7): Comparison between the different studied groups 
according to dimension changes in the same material

Graph (8): Comparison between the different studied groups 
according to dimension changes in each time

TABLE (9): Comparison between the different studied groups according to average of the mean values of 
the dimension changes at the five palatal measurements in the same material in each time

Times of microwave 
disinfection

Acrylic resin material
F(p)Heat cure 

(n = 5)
Self-cure 

(n = 5)
Thermo-elastic 

(n = 5)
Control

Mean ± SD. 0.49 ± 0.14 0.67 ± 0.17 0.24 ± 0.13 10.801* 
(0.002*)Median (Min. – Max.) 0.52 (0.35 – 0.68) 0.65 (0.48 – 0.94) 0.27 (0.10 – 0.42)

Sig. bet. Grps p1=0.174, p2=0.047*, p3=0.002*

5 minutes
Mean ± SD. 0.60 ± 0.23 0.78 ± 0.22 0.22 ± 0.03 11.468* 

(0.002*)Median (Min. – Max.) 0.56 (0.36 – 0.96) 0.78 (0.53 – 1.06) 0.20 (0.19 – 0.26)
Sig. bet. grps p1=0.316, p2=0.020*, p3=0.001*

10 minutes
Mean ± SD. 0.66 ± 0.10 0.84 ± 0.29 0.20 ± 0.07 16.469* 

(<0.001*)Median (Min. – Max.) 0.71 (0.50 – 0.74) 0.93 (0.54 – 1.21) 0.16 (0.15 – 0.32)
Sig. bet. grps p1=0.296, p2=0.005*, p3<0.001*

15 minutes
Mean ± SD. 0.77 ± 0.22 0.95 ± 0.16 0.19 ± 0.06 30.454* 

(<0.001*)Median (Min. – Max.) 0.71 (0.61 – 1.15) 0.96 (0.73 – 1.16) 0.19 (0.13 – 0.28)
Sig. bet. grps p1=0.224, p2<0.001*, p3<0.001*

F: F for ANOVA test, Pairwise comparison bet. each 2 groups was done using Post Hoc Test (Tukey)

p: p value for comparing between different materials in each time

p1: p value for comparing between Heat cure and Self-cure

p2: p value for comparing between Heat cure and Thermo-elastic

p3: p value for comparing between Self-cure and Thermo-elastic

*: Statistically significant at p ≤ 0.05  
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DISCUSSION

This study  evaluates the effect of  different 
exposure times of microwave on the colour stability, 
flexural strength and the dimensional changes of  
the Bre-flex (thermoplastic resin) and compare it 
with two types of conventional acrylic resin (Heat 
cure acrylic resin and  Self-cure acrylic resin )

Taken into consideration that the denture base 
materials should simulate the natural looking 
of  supporting tissues, pigmentation and colour 
stability of that materials are related  properties(27,28). 
In this concept, the colour stability may attribute the 
success or failure of the dentures since aesthetics 
can be the main importance of the patient.

This study’s results displayed that microwave 
disinfection did not significantly change the color 
of all denture materials in comparison  to the control 
group, while significant differences were found only 
with heat cure acrylic resin at 15 minutes microwave 
disinfection

This effect of water on heat cure  was also 
described by Hong, et al. (2009) (29). Who attributed 
the greater changes in the color due to  the length 
of the immersion time. These changes may be due 
to the decrease of staining materials by the direct 
influence  of microwaves on a greater spreading of the 
molecules of water in the polymethyl methacrylate 
matrix which can allow some of which additionally 
connect  permanently to the high energy places of 
the polymer(30).

Another explanation,The colour changes of the 
samples  may due to the increase temperature of the  
material (31,32).

In the literature, there is no sufficient information 
occurs about the effectiveness of microwave on the 
color of thermoplastic and conventional acrylic 
resins denture base materials.

A  recent study was performed by Polychronakis 
N et al ( 2018) (33),  to assessed the Influence of a long-

term  of repeated microwave (450 W for 3 minutes 
daily disinfection for 224 days)  on the  stability of 
color, translucency  and dimension of thermoplastic 
(Valplast) and (Vertex Rapid Simplified) PMMA 
resins denture base materials.

They concluded that using of repeated long-term 
microwaving has effectiveness on changing of the 
color, translucency, and dimension of both materials 
which conflict to the present study. On the other 
hand, they claimed that there were no color changes 
between (Valplast) and (Vertex Rapid Simplified) 
PMMA resins denture base materials when 
comparing between them, Which in agreement with 
the present study.  

Other study performed by Polychronakis et  
(2014) (34),  who estimated the influence  of two  
denture cleansing techniques using (peroxide 
cleansers)   Val-Clean alone and Corega in addition 
to   microwave at 450W for 2 min on  Valplast(nylon) 
and(Paladon 65)  heatcured denture base materials 
as regards  color, 3D roughness surface, and gloss  
once daily for an interval 30 days. The results of 
this study displayed that cleansing technique had no 
effect on color stability in test group in comparing 
to the control group in the same material which is 
in agreement with the present study, while their 
effectiveness on Valplast was greater than Paladon 
65 and clinically they were perceptible which 
conflict with the present study.

According to the NBS parameters, < 3.3 is  
taken into consideration as a  clinical assessment 
in colour change (35).   In this concept, the colour 
change showed by all the denture base materials 
was  clinically accepted because the higher NBS 
value found was 3.3 (Table4) 

This findings were agreement  and conflicted by 
Goiato(2013) (36), who evaluated  the influence   of 
disinfection using (microwave 4% chlorhexidine, 
Efferdent,  and 1% hypochlorite ) in addition, thermal 
cycling and on the colour change of four different 
types of acrylic resin denture base materials. They 
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concluded that  disinfection and  the thermal cycling 
methods are significantly influenced  the stability of 
the colours of the  samples. while all values gained 
from all the brands of acrylic resins were within 
acceptable clinical parameters.

Flexural strength describes the loading that 
occurs on the denture during mastication. Clinically, 
(37) The reduction of  flexural strength during 
microwave disinfection could make the material 
more fragile and so leads to the incidence of cracks 
and fracture.

The results of this research showed that 
microwave disinfection  caused reduction in the  
transverse strength values of different tested samples 
of  denture base materials (Heat cure acrylic resin, 
Self-cure acrylic resin and Bre-flex thermoplastic 
resin). However, the samples of the control groups 
had the highest mean values while the samples  of 
test group (microwave disinfection) at 15 minutes 
had the lowest mean value. This reduction was 
insignificant at different time exposures (5, 10 and15 
minutes) which may referred to the suitable power 
of microwave (650 W) as well as the exposure times 
used in this study  which proved in many studies 
that displayed the power voltage higher than 850 
W and irradiation time above 15 min  appeared  to 
be the main reason harmful effect of dentures (38,39). 
In addition , the irradiated samples of the study  
were placed in glass containers containing 150 ml 
of distilled water to obtained uniform heating of 
the materials, avoid overheating the denture base 
materials  and/or causing damage to the microwave 
itself (7). 

These results are in agreement with Ali AM and 
Raghdaa KJ (2011) (6). Who found that recurrent 
microwave radiation of valplast and heat cure 
samples displayed  little but no significant reduction 
in  transverse strength if they are disinfected using  
microwave for 3 minutes at 680 W

In addition , Konchada et al(37) (2013) supported 
The  results of this study because they found that  

no changing  in flexural strength when they  used 
as disinfectant to the dentures at 650 W for 5 min, 
while soaking  in water The same results were stated  
in  a study performed by  Ribeiro et al. (40)  using 
(650 W / 1-5 min  immersed in water) . 

In contrary, to these results,  Consani et al. (41)   
concluded  that the microwave disinfection at 650 
W for 3 min in water) had no variance in the flexural 
strength between disinfected and non-disinfected 
samples.

Moreover, Hamouda and Ahmed(9)  shown that 
both 5 and 15 minutes of microwave disinfection 
at 750 W, either in dry condition , or soacking in 
water  created  a reduction of the flexural properties 
of denture base acrylic resins and stated that this 
method is not agreeable for dentures.

Bre-flex thermoplastic resin  used in this study 
displayed  higher significant effect on the transverse 
strength values in comparison with   both  heat cure 
and self cure acrylic resin either in control groups or 
in  test groups in each disinfection exposure times 
with microwave

In control groups this difference may be due to 
the difference in their chemical structure since the 
Bre-flex have polyamide linkage which make it  
have more flexibility and resistance to fracture than  
acrylic resin denture base materials (16).  

These results  are  in agreement with Soygun et 
al. (42) (2013)who study  some mechanical proper-
ties of polyamide (Valplast)  and  compared with the 
conventional PMMA (control) and fiber reinforced 
PMMA denture base materials. The results   dis-
played  that the highest transverse strength  occurred 
in the (Valplast)  polyamide denture base material 

Takabayashi  (2010) (17)  conflict with these study 
as he found that the flexural strength of three  poly-
amide type materials (Valplast, Lucitone FRS and 
Flexite Supreme) were lower than conventional 
polymethyl methacrylate (Acron).the same results 
explained by Ucar et al . (43) (2012)
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In test groups  The significant higher  in transverse 
strength values  for Bre-flex thermoplastic resin  
be   due to the  effect of  microwave irradiation  
which caused to fast heating and boiling of the  
unpolymerized remaining monomer in the acrylic 
samples. In addition, the resulted   porosity  from 
boiling the monomer led to the weakening of the 
test samples (10). 

These results are in disagreement  with Yunus 
N et al(44), who stated that The flexural strength of 
nylon denture base material thermoplastic polymers 
samples was significantly lower compared with 
two compression-molded PMMA polymers when 
the samples were not disinfected. In contrary,  a 
higher value of flexural strength of nylon samples 
manifested after disinfection of samples using 
oxygen- releasing disinfectant solution. 

Furthermore, Takabayashi (17) (2010 )displayed  
in his study that flexural strength of polyamide type 
materials (Valplast, Lucitone FRS and Flexite Su-
preme) were lower than conventional polymethyl 
methacrylate (Acron)

There is a reduction in flexural strength in self 
cure acrylic resin in comparing with heat cure acrylic 
resin which might be due to  residual monomer (45) in 
addition to  plasticizing influence  of absorbed water 
molecules during microwaving( 46 ).   

The present study is disagreement with  Ribeiro 
et al. (40)  who evaluated the  effect of disinfection 
with microwave  at different irradiation periods (1, 
2, 3, 4, or 5 minutes.)  as regards the flexural strength 
on four self  cure and one heat cure resins. They 
manifested that the microwave had no influence on 
the flexural strength of the tested materials at any 
irradiation periods.

In fact, the dimensional stability of a denture 
maintained adequate adaptation between the 
denture base and their casts. Clinically, it has effect 
on the retention of the denture as well as keeping the 
supporting tissues healthy . Dimensional changes can  

exert pressure to the alveolar bone which causing in 
its resorption moreover these discrepancy appears 
as a gap between finished dentures and their casts at 
the posterior palatal seal area which  leads  reducing 
retention besides stability of the dentures(10).   

The results of the present study regarding the 
effect of microwave disinfection with different 
exposure times  on warpage of different study 
materials revealed that  in case of acrylic resins 
materials( heat cure and self cure) the microwave 
disinfection caused increased in spacing. The lowest 
values at non disinfected samples while the highest 
value at 15 minutes of disinfection otherwise , there 
is no significant difference between them. 

When comparing between the resin materials, 
heat cure  showed more adaptation than self cure 
at all the time of disinfection exposure as well as 
in non disinfected groups but the difference  is not 
significant .

In the case of non-disinfected groups, the 
decrease of the  adaptation of  heat cure samples to  
their casts resulting from the conjunction of many 
factors such as thermal contraction resulting from  
cooling  the flasks, polymerization contraction, 
, and strain resulting from stress freeing during 
deflasking(47,48).   

In self cure cases the increase of the spacing 
resulting from incomplete  polymerization of this 
material(46). Dimensional changes in the disinfected  
heat cured samples may explained that microwave 
irradiation can cause raised polymerization  that 
accompanied with contraction, Another explanation 
is the release of internal stresses that may be caused 
as a result of heat transformation of the energy of 
the microwave(49). For both explanations the longer 
the exposure period, the greater are the resulting 
changes.

In case of self cure the high temperature affects 
the free monomer and develops over polymerization 
and thereby more dimensional changes. (50)
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These results are in agreement of Seo et al. (51) 
who  subjected acrylic  denture bases to be  disin-
fected by microwave at 650 W for 6 min (once per 
day for 7 days) they revealed  that this procedure 
showed shrinkage  of bases of  the denture but the 
clinical finding of these returns was not consid-
ered. Additionally, they evaluated the effect  micro-
wave disinfection (650 W / 6 min) on four types of  
hard liners  as regards dimensional stability, they 
concluded that the procedure produced increased 
shrinkage on the specimens tested 

Besides, Goncalves et al. (52) advocated that 
microwave energy at 650 W for 6 min in 200 mL 
of water) showed  significant decreases in the 
dimension of the bases  of dentures 

In addition, Thomas and Webb (53)  stated that 
significant contraction resulted after microwave 
radiation at 10 minutes besides, when decrease 
exposure time to  6 minutes  the changes became 
smaller. Their results are in agreement of our results.

These results are in conflict with results of  Burns 
et al. (54)  who presented that  microwave radiation 
of .samples  of  three several acrylic resins  after 15 
min at 650 W displayed on dimensional changes. 

What’s more, Polychronakis et al (2014)
(55)  concluded that  irradiation of  dentures in dry 
and wet Circumstance after 6 minutes at 650 W 
.there is no dimensional changes noticed when the 
disinfection occurred in wet Circumstance 

On the other hand , in case of the thermoplastic 
resin  (Breflex) The mean palatal dimensional 
change results showed that the thermoplastic resin 
was generally more significant dimensional stable 
in comparison to the two types of  acrylic  resins 
(heat cure and self cure) either in  disinfected and  
non disinfected samples, noticing  more higher with 
self cure.

These results can be explained by the fact that 
the higher the amount of residual monomer of the 
samples the higher the water absorption percentage  

which may result in the increase of  the dimension 
changes(46)  

Accordingly, the thermoplastic material studied 
in this study, which is reported to be free from  
monomer  may have minimal water absorption in 
comparison with acrylic resin materials (56)  

Another explanation, thermoplastic resin 
(Breflex) processed  by the injection molding method 
which leads to minimizing its polymerization 
shrinkage and producing dentures with better 
accuracy  than processing with the compression 
molding method. (57)  

 A study  has conflicting results with  the results 
of the present study regarding  the  distortion of 
denture base materials following microwaving,   
due to   the utilizing of different radiation protocols( 
power and time). That study performed by Ali and 
Raghda (6) (2011 ) who  Estimated the influence of 
repeated disinfection with microwave (one, three 
and seven cycles  each cycle pointed to 3min of 
disinfection at 680 watt) on nylon (valplast) and 
heat cure  denture base materials in their fitness to 
stone casts. Their results clarified that after the first 
cycle an enhancement in the fitness of heat cure 
and valplast denture base materials, and no more  
enhancement in the fitness after  the repeated  cycles 
of microwave 

Pronych et al (56)  disagreement with the present  
results in the  control groups as, they calming 
that  there was no statistically different in  the 
dimensional stability between a thermoplastic resin 
besides,  two conventional polymethyl methacrylate 
denture base resins.

CONCLUSION

Within the limitations of this study it was con-
cluded that :

1. Microwave disinfection had no significant effect  
on the colour of breflex and self cure acrylic res- 
in at all the tested intervals (5,10,15 minutes), 
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also heatcure acrylic resin at (5,10 minutes) 
while, manifested colour changes at 15 minutes.

2. Microwave disinfection showed highly signifi-
cant increases in the flexural strength   of Bre- 
flex when comparing with   heat cure samples, 
as well as self-cure samples

3. Microwave disinfection improves the fitness of 
breflex to their casts, while heat cure and self 
cure resin samples showed decrease in their 
fitness.

4. Breflex after microwave disinfection had no 
significant influence on its colour , significantly 
increase in the flexural strength, as well as di-
mensionally stable when compared with both 
heat and self cured acrylic resins.

5. Heat cure resin manifested an increase in the 
flexural strength as well as dimensionally stable 
comparing to self cure in spite of there is no sig-
nificant difference between them.

RECOMMENDATIONS

·	 Microwave can be used safely for disinfection 
of all the denture base material except heat cure 
for  15 minutes 

·	 Breflex is the material of choice for the con-
struction of removable prosthodontics when 
using the microwave for disinfection because it 
has no colour changes,  increasing in transverse 
strength as well as dimensionally stable.

·	 Additional laboratory studies should be done to 
evaluate the effect of microwave disinfection 
on other physical and mechanical properties of 
Breflex and other brands of thermoplastic resin.

·	 More studies should be done to evaluate repeat-
ed long-time microwave disinfection on ther-
moplastic resins.

·	 Furthermore, additional studies for breflex 
which can be actually utilized by the patients 
should be assessed.
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