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ABSTRACT:

Acrylic resins have been in the centre stage of Prosthodontics for more than half a century. Hence superior 

physical and mechanical properties are expected from autoploymerising resins. The aim of the present study 

was to evaluate flexural strength of three different autoploymerising resins processed by two different 

polymerization techniques after microwave postpolymerization treatment. A metal die was formed 

measuring 64x10x3.3 mm according to ISO/FDI 1567 specification. Sixty test specimens were prepared of 

three different materials. The specimens were divided into two groups; first group was cured conventionally 

under room temperature and pressure. The second group was cured in a pressure pot at temperature of 40 

degree Celsius and pressure of 2.5 bars for 30 minutes. The specimens in each group were again divided into 

two subgroups .The first subgroup was kept as control and the others were subjected to microwave 

postpolymerization treatment. After this the specimens were tested for flexural strength in a universal testing 

machine.  Results showed that flexural strength of autopolymerised acrylic resins can be increased by 

reducing their residual monomer content by subjecting them to another cycle of polymerization in microwave 

at 550 watts for 3 minutes.
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Introduction:

Auto polymerizing resins were introduced with 

main intention of repairing prosthetic devices, but 

later on they were pressed into use in areas other 

than repairing like making of denture bases, 

provisional restoration, maxillofacial prosthesis, 

mouth protectors, relining etc. Hence superior 

physical and mechanical properties are expected 
[1] from autopolymerising resins. The degree of 

polymerization achieved using chemically activated 

resins is not as complete as that achieved using heat 
[2]activated systems.  This indicates that there is 

greater amount of unreacted monomer in the 

denture bases fabricated via chemical activation. 

This unreacted monomer serves as a potential 

tissue irritant and acts as a plasticizer which results 

in decreased transverse strength of the resin. Some 

studies have shown that further polymerization of 

auto polymerizing resin could be achieved following 
[3]a period of immersion in hot water.  Free radicals 

continue to be present in the polymerized acrylic at 

certain sites, and it has been demonstrated that the 

residual monomer in an autopolymerising acrylic 

resin may be reduced by further polymerization at 
[4,5]these sites. thereby increasing the flexural 

strength. However the influence of microwave 

energy after polymerization has not been 

investigated. Therefore the purpose of this 

investigation was to determine the amount of 

flexural strength in three different brands of 

autopolymerising acrylic resins before and after 

microwave postpolymerization treatment.
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Materials and Method:

Three different brands of autopolymerising resins 

were selected for the study and categorized as 
TMGroup A (Acralyn'RR , Asian Acrylics, India), Group 

TMR (RR , Dentsply India PvtLtd.) and Group D (DPI-
TMRR Cold Cure , DPI, India), respectively.(Fig.1)

 Twenty specimens of each material were prepared. 

For making these specimens, a metallic die of 

dimension (64x 10x3.3mm) (Fig.2) was prepared.

The metallic die was invested in denture flasks to 

prepare moulds. The mould was then packed with 

autoploymerising resin mixed according to the 

manufacturer's instructions. Out of the twenty 

specimens of each group, ten were allowed to cure 

in room temperature and pressure and the other 

ten were subjected to pressure pot curing for 20 

minutes. The pressure pot was filled with water at 

temperature 40° C and internal pressure was 

regulated to 2.5 bars.  The specimens were 

retrieved from flasks followed by finishing and 

polishing. Out of the ten specimens prepared by 

two different curing methods of three different 

materials, five were kept as control and the other 

five were subjected to microwave postpolymeriz 

ation treatment for 3minutes at 550 watts. 

Specimens were then stored in water for 24 hours 

at room temperature.

Sample nomenclature based on type of curing and 

microwave postpolymerisation treatment for 

Group D

DN1-DN5 Room temperature curing(N) with no 

post polymerisation treatment

DNm1-DNm2 Room temperature curing(N) with 

post polymerisation treatment (m)

DP1-DP5 Pressure pot curing(P) with no 

postpolymerisation treatment

DPm1-DPm5 Pressure  pot  curing(P)  with   

postpolymerisation treatment(m)

Sample nomenclature, curing method, and 

postpolymerization treatment for Group A

AN1-AN5 Room temperature curing(N) with no 

post polymerisation treatment

ANm1-ANm5 Room temperature curing(N) with 

postpolymerisation treatment(m)

AP1-AP5 Pressure pot curing(P) with no 

postpolymerisation treatment

APm1-APm5 Pressure  pot  curing(P)  with   

postpolymerisation treatment(m)

Sample nomenclature, curing method, and 

postpolymerization treatment for Group R

RN1-RN5 Room temperature curing(N) with no 

post polymerisation treatment

RNm1-RNm5 Room temperature curing(N) with 

postpolymerisation treatment(m)

RP1-RP5 Pressure pot curing(P) with no 

postpolymerisation treatment

RPm1-RPm5 Pressure  pot  curing(P)  with   

postpolymerisation treatment(m)

All specimens were subjected to flexural strength 
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Figure-1 Test materials used in the study

(From left to right Acralyn’RRTM, RRTM and

DPI-RR Cold CureTM  respectively)

Figure-2 Representative sample of each group

(Extreme left figures represents the die from

which samples were prepared)
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testing in a Hounsfield universal testing machine 

using three point loading (Fig.3). 

A crosshead speed of 5mm/min was used, and the 

distance between the supports was 50 mm. Load 

was applied until failure, and the fracture load was 

recorded in Newton (N). The flexural strength was 

calculated in Megapascals (MPa) using below 

mentioned formula:                                          

                                         FS = 3WL/2 BD²

FS   -         Flexural Strength

W    -         Weight

L      -         Distance between supports

B      -         Width of specimen 

D     -          Thickness of the specimen

Results:

The flexural strength was measured by universal 

testing machine for all the sixty specimens. It was 

observed that the flexural strength increased for all 

the samples after microwave postpolymerization 

treatment (Tables 1, 2 & 3). 

Table 1: flexural strength for  DPI material

Table 2: flexural strength for  Acralyn material

There was statistically significant difference in the 

flexural strength, before and after microwave 

postpolymerization treatment of all the three 

materials whether polymerized under normal 

conditions or in a pressure pot (p value <0.001) 

(Table 4). The largest difference was seen in DPI 

material cured under room temperature and 

pressure.

Discussion:

Autoploymerising resins were introduced with the 

main intention of repairing prosthetic devices. 

However, later on they have found uses in other 

areas like making denture bases, maxillofacial 

prosthesis, relining of dentures, provisional 

restoration etc. Hence, superior physical and 

mechanical properties are expected from 

autoploymerising resins. Autoploymerising resins
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Figure-3 Resin sample mounted on

Hounsfield’s Universal testing machine

 SAMPLE 
NO. 

DN 
( MPa) 

DNm 
(MPa) 

DP 
(MPa) 

DPm 
(MPa) 

1 56.828 
 

70.129 
 

66.905 78.756 

2 53.539 
 

68.083 
 

62.875 75.369 

3 55.568 
 

69.106 
 

64.344 77.062 

4 54.785 
 

68.024 
 

63.251 76.293 

5 53.932 
 

71.397 
 

65.002 75.163 

 SAMPLE 
NO. 

AN 
( MPa) 

ANm 
(MPa) 

AP 
(MPa) 

APm 
(MPa) 

1 52.262 66.436 68.437 70.764 

2 54.158 67.548 64.665 71.047 

3 53.613 66.989 66.551 70.261 

4 52.954 67.268 65.608 72.006 

5 53.754 65.372 66.315 69.286 

 

SAMPLE 
NO. 

RN 
( MPa) 

RNm 
(MPa) 

RP 
(MPa) 

RPm 
(MPa) 

1 58.234 70.995 68.476 80.279 

2 57.876 72.275 66.989 78.592 

3 58.005 71.639 67.736 79.435 

4 56.132 69.431 68.991 78.001 

5 57.957 70.535 66.455 79.076 

Table 3: flexural strength for  Dentsply material
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by nature contain 3 to 5 % of free monomer which 

affects the physical properties considerably. On the 

contrary,  this  monomer i f  polymerized,  

improvement in the properties can be anticipated. 

Subjecting the samples obtained by room 

temperature curing or pressure pot curing to 

microwave postpolymerization treatment further 

improved the flexural strength.

Three different brands of repair autopolymerising 

resin were selected to assess if there is any 

difference in the flexural strength for various 

manufacturers. The methodology of flexural 

strength testing conducted in this investigation is 

relevant since it reflects the loading arrangement in 
[6]the clinical situation.  

In the present study the materials were micro waved 

in dry conditions because uptake of water by the 

acrylic resin would lead to plasticization of acrylic 

resin, making it more flexible and resilient. Since 

microwave irradiation can be used to generate heat 
[7]inside the resin resulting in depth curing.  It may be 

that high flexural strength achieved by the 

microwave treated specimens can  be related to a 

lower residual monomer level obtained as a result of 
[8] a higher degree of conversion of the monomer.

Maximum strength was observed in Group R 

pressure pot cured samples which were subjected 

to microwave postpolymerization treatment. 

Largest effect of microwave was seen in Group D 

samples cured under normal conditions which was 

expected as it had the maximum amount of residual 

monomer content available to be cured further by 

microwave irradiation.

 For the microwave-cured acrylic autopolymerized 

resins, it has been demonstrated that the 

temperature developed during the reaction is not 

constant. It increases quickly at the beginning, goes 

through a maximum, and then decays, being able to 

reach peaks of the order of 150-200°C, depending 
[9,10]  on the working conditions. Hence, both the 

power of the microwave and time of exposure can be 

regulated to control the rate of polymerization and 

the degree of conversion. Residual monomer in the 

polymerized resin, has the potential to cause 

irritation, inflammation, and an allergic response of 
[11]the oral mucosa.  The variations in chemical 

composition and purity of the commercially 

available resin systems, the degree of conversion of 

their constituent monomers, and manipulative 

variables may all affect the biologic and physical 

properties of the acrylic resins.

Among the several curing methods, microwave 
 energy  has the advantage of reduced time for 

curing, and requires a smaller time to obtain the 

plastic phase and a bigger homogeneity of the 

mixture and for the achievement of a prosthetic 
[ 1 2 , 1 3 ]   material with an excellent adaptation.

Microwaves act only on the monomer molecule. In 

the microwave they move by the high frequency 

electromagnetic field; their movements are the 

cause of internal heat generated.  As the 

polymerization degree increases the amount of 

monomer reduces therefore the same amount of 

energy is absorbed by less and less monomer, 
[14,15]making the molecules increasingly active.  This is 

important because a self-regulation of the curing 

program takes place and leads to complete 

polymerization of the resin. 

 The results of the present investigation 

demonstrated that microwave irradiation is a 
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Materials 

Without 

Microwave 

treatment 

With 

Microwave 

treatment 

P value 

DPI-Normal 
54.93±1.32 

(53.54-56.63) 

69.35±1.43 

(68.02-71.40) 

<0.001** 

DPI-Pressure Pot  
64.47±1.60 

(62.88-66.91) 

76.52±1.46 

(75.71-78.76) 
<0.001** 

Acralyn-Normal 
53.35±0.75 

(52.26-54.16) 

66.72±0.86 

(65.37-67.55) 
<0.001** 

Acralyn-Pressure Pot 
66.32±1.39 

(64.67-68.44) 

70.68±1.00 

(69.29-72.01) 
<0.001** 

Dentsply-Normal 
57.64±0.85 

(56.13-58.23) 

70.97±1.08 

(69.43-72.28) 

<0.001** 

Dentsply -Pressure pot 
67.73±1.04 

(66.46-68.99) 

79.08±0.86 

(78.00-80.28) 
<0.001** 
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method of improving the flexural strength of some 

denture base repair resins as it leads to complete 

polymerization of the residual monomer. It can be 

expected that this reduction in monomer may have a 

contributory effect upon mechanical properties of 

these materials as well as decrease in the possibility 

of cytotoxicity and tissue reactions. The key is, 

knowing the power/time combinations appropriate 

for the material. Hence further studies can be done 

to know appropriate power /time combination of 

each material.
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