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Residual monomer content of 
repair autopolymerizing resin after 
microwave postpolymerization 
treatment

Introduction

Fracture at midline and repair of maxillary acrylic dentures 
is a common prosthodontic practice.[1,2] When in function, 
midline fracture is the result of fl exural fatigue failure 
caused by cyclic deformation of the base and is more 
likely to occur because fl exure of the denture base occurs 
along the midline.[3] Most common causes of denture 
fracture are excessive bite force, improper occlusal 
plane, high frenal attachment, lack of balanced occlusion, 
and poor fi t.[4-6] Denture repairs should have adequate 
strength, dimensional stability,[4,7-11] good color match, 
easily, quickly performed,[12-14] and mechanical properties 
of the repair material can affect the strength of repaired 
denture. Heat-polymerized materials have been proven to 

have higher mechanical properties when compared with 
autopolymerized materials.[4,6,15] However, laboratory 
packing and fl asking procedures are time-consuming and 
present risk of denture distortion by heat.[16] Therefore 
autopolymerizing repair resins are used for the same.

Degree of polymerization of autopolymerizing resin is 
less; hence, more residual monomer content is present 
which in turn affects its physical properties.[17] It can be 
further improved by following a period of immersion in 
hot water.[18-20] Free radicals continue to be present in the 
polymerized acrylic and it has been demonstrated that the 
residual monomer in an autopolymerizing acrylic resin 
may be reduced by further polymerization at these sites.[21] 
Microwave energy has also been a effi cient source in curing 
acrylic resin.[22] However, the infl uence of microwave energy 
after polymerization has not been investigated. Therefore, 
the purpose of this investigation was to determine the 
amount of residual monomer content in autopolymerizing 
resin before and after microwave postpolymerization 
treatment.
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ABSTRACT
Purpose: Acrylic resins are one of the extensively used materials in removable prosthodontics however; complete 
dentures are highly vulnerable to fracture after long periods of clinical use. The repair of fractured prosthesis can 
be accomplished using acrylic resins that are light polymerized, autopolymerized, heat polymerized or microwave 
polymerized. Aim: To evaluate the residual monomer content of three different repair autoploymerising resins 
processed by two different polymerization techniques after microwave postpolymerization treatment. Materials and 
Methods: The study was executed with fabrication of a metal die and sixty test specimens of three different materials. 
The specimens were cured with conventional method and using pressure pot. After this the specimens were tested for 
residual monomer content using Fourier transform infrared spectroscopy. Results and Conclusion: Results confi rmd 
that their residual monomer content decreased by subjecting them to another cycle of polymerization in microwave at 
550 watts for 3 minutes.
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Materials and Methods

The study was completed by using three different 
autopolymerising resins classifi ed as Group A 
(Acralyn’RRTM, Asian Acrylics, India), Group R (RRTM, 
Dentsply India PvtLtd.) and Group D (DPI-RR Cold CureTM, 
DPI, India), respectively [Figure1]. Twenty specimens of 
each material were prepared. For making these specimens, 
a metallic die of dimension (64 × 12.5 × 3.5 mm) [Figure 2] 
was prepared. The metallic die was invested in denture 
fl asks to prepare moulds. The mould was then packed 
with autopolymerizing resin mixed according to the 
manufacturer’s instructions. Out of the 20 specimens of 
each group, 10 were allowed to cure in room temperature 
and pressure and the other ten were subjected to pressure pot 
curing for 20 min. The pressure pot was fi lled with water at 
temperature 40°C and internal pressure was regulated to 2.5 
bars. The specimens were retrieved from fl asks followed by 
fi nishing and polishing. Out of the 10 specimens prepared 
by two different curing methods of three different materials, 
fi ve were kept as control and the other fi ve were subjected 
to microwave postpolymerization treatment for 3 min at 550 
watts [Table 1]. Specimens were then stored in water for 24 
h at room temperature.

The test was carried out using Fourier transform infrared 

spectroscopy (FTIR) Machine (Impact 400D-Nicolet 
Offenbach, Germany) [Figure 3]. FTIR technique has been 
used for qualitative and quantitative analysis of residual 
monomer during polymerization of polymethyl methacrylate. 
All the submitted samples were fi rst cut into small pieces 
with the dimensions of 0.2 × 0.2 × 0.2 cm. The cut piece 
was then mounted on the FTIR (Fourier Transform Infrared) 
crystal [Figure 4]. It was observed that the monomer showed 
a very sharp peak at 1637 cm-1 due to substituted alkenes. 
C = C stretch from MMA (methyl methacrylate) appeared at 
1637 cm-1 The peak at 1637 cm-1 was used for quantifi cation 
of monomer present in polymer.

Result and Conclusive Remarks

The residual monomer content was measured by FTIR 
machine (Impact 400D-Nicolet Offenbach, Germany) for all 
the 60 specimens. It was observed that the residual monomer 
content decreased for all the samples after microwave 
postpolymerization treatment [Tables 2-4]. There was 
statistically signifi cant difference in the residual monomer 
content, before and after microwave postpolymerization 

Figure 1: Test materials used in the study (from left to right acralyn RR, 
RR, and DPI-RR Cold Cure respectively)

Figure 2: Metallic die and acrylic analogs

Figure 3: Fourier transform infrared spectroscopy machine
Figure 4: Cut piece mounted on the ATR/Fourier transform infrared 
spectroscopy crystal
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treatment of all the three materials whether polymerized under 
normal conditions or in a pressure pot (P < 0.001) [Table 5]. 
The largest difference was seen in DPI material cured under 
room temperature and pressure.

Discussion

Residual monomer content present in autopolymerized acrylic 
resins has restricted its usage as a choice of material for fi nal 
prosthesis. Despite this, its properties like less time consumption 
for acralysation autopolymerizing resins are widely being used 
for repairing dentures. They are also being used in other areas 
like making denture bases, certain maxillofacial prosthesis, 
relining of dentures, provisional restoration, and so on. Hence, 
superior physical and mechanical properties are expected from 
autopolymerizing resins. Autopolymerizing resins by nature 
contain 3-5% of free monomer which affects the properties 
considerably.[23] This monomer if polymerized, improvement in 
the properties can be anticipated. Subjecting chemically cured 
resins to another short heat curing or pressure curing process was 
thus thought of. Subjecting these samples obtained by normal 
curing or pressure pot curing to microwave postpolymerization 
treatment could decrease the residual monomer content of the 
samples. It is in this context that the present study was carried 
out. Three different brands of repair autopolymerizing resin 
were selected to assess if there is any difference in the residual 
monomer content for various manufacturer. The samples 
obtained were subjected to an additional cycle of polymerization 
in a microwave oven at 550 W for 3 min. Residual monomer 

Table 1: Sample nomenclature based on type of 
curing and microwave postpolymerization treatment 
for various groups

Subgroups Specifi cations

For Group D DN1-DN5 Room temperature curing (N) with no 
postpolymerization treatment

DNm1-DNm2 Room temperature curing (N) with 
postpolymerization treatment (m)

DP1-DP5 Pressure pot curing (P) with no 
postpolymerization treatment

DPm1-DPm5 Pressure pot curing (P) with 
postpolymerization treatment (m)

For Group A
AN1-AN5 Room temperature curing (N) with no 

postpolymerization treatment
ANm1-ANm5 Room temperature curing (N) with 

postpolymerization treatment (m)
AP1-AP5 Pressure pot curing (P) with no 

postpolymerization treatment
APm1-APm5 Pressure pot curing (P) with 

postpolymerization treatment (m)
For Group R

RN1-RN5 Room temperature curing (N) with no 
postpolymerization treatment

RNm1-RNm5 Room temperature curing (N) with 
postpolymerization treatment (m)

RP1-RP5 Pressure pot curing (P) with no 
postpolymerization treatment

RPm1-RPm5 Pressure pot curing (P) with 
postpolymerization treatment

Table 2: Residual monomer content for the samples of 
group D after microwave postpolymerization treatment
Sample no. DN % DNm % DP % DPm %

1 6 3.1 4.5 2.5
2 6.3 3.3 4.8 2.6
3 5.8 2.8 5.2 3
4 6.1 3 5 2.7
5 5.9 2.9 4.6 2.9
DN = Room temperature curing (N) with no postpolymerization treatment 
for Group D, DNm = Room temperature curing (N) with postpolymerization 
treatment (m) treatment for Group D, DP = Pressure pot curing (P) with no 
postpolymerization treatment for Group D, DPm = Pressure pot curing (P) with 
postpolymerization treatment (m) for Group D

Table 3: Residual monomer content for the samples of 
group A after microwave postpolymerization treatment
Sample no. AN % ANm % AP % APm %
1 5.3 3 3.5 2.8
2 5.2 3.8 3.3 2
3 4.8 3.5 2.9 2.7
4 5 3.2 3.1 2.5
5 5.5 3.7 3 2.2
AN = Room temperature curing (N) with no postpolymerization treatment 
for Group A,  ANm = Room temperature curing (N) with postpolymerization 
treatment (m) for Group A,  AP = Pressure pot curing (P) with no 
postpolymerization treatment for Group A, APm = Pressure pot curing (P) with 
postpolymerization treatment (m) for Group A

Table 4: Residual monomer content for the samples of 
group R after microwave postpolymerization treatment
Sample no. RN % RNm % RP % RPm %
1 4.4 2.5 3 1.8
 2 4 2 3.5 2
3 3.9 2.3 3.3 2.1
4 4.2 2.1 3.1 1.7
5 4.1 2.6 3.6 1.9
RN = Room temperature curing (N) with no postpolymerization treatment 
for Group R,  RNm = Room temperature curing (N) with postpolymerization 
treatment (m) for Group R, RP = Pressure pot curing (P) with no 
postpolymerization treatment for Group R,  RPm = Pressure pot curing (P) with 
postpolymerization treatment  for Group R

Table 5: The residual monomer content, before and 
after microwave postpolymerization treatment with 
statistical interpretations
Materials Without 

microwave 
treatment

With 
microwave 
treatment

P value

DPI-Normal 6.02±0.19 3.02±0.19 <0.001**
5.80-6.30 2.80-3.30

DPI-Pressure pot 4.82±0.29 2.74±0.21 <0.001**
4.50-5.20 2.50-3.00

Acrylan-Normal 5.16±0.27 3.44±0.34 <0.001**
4.80-5.50 3.00-3.80

Acrylan-Pressure pot 3.16±0.24 2.44±0.34 <0.001**
2.90-3.50 2.00-2.80

Dentsply-Normal 4.14±0.23 2.23±0.25 <0.001**
3.90-4.50 2.00-2.60

Dentsply-Pressure pot 3.30±0.25 1.90±0.16 <0.001**
3.00-3.60 1.70-2.10

**P>0.05 (Significant)
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• Masticatory load applies to the denture repair material 
and to the denture base as a whole, rather than to 
the repair material alone. The present study did not 
simulate the intraoral environment to evaluate the 
mechanical response of the samples and properties at 
the repair resin/denture base resin interface

• Only one power and time combination was used. Any 
variation in the both and its effect on residual monomer 
were not tested.
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content of the samples was analyzed. In the present study, the 
materials were microwaved in dry conditions because uptake of 
water by the acrylic resin would lead to plasticization of acrylic 
resin, making it more fl exible and resilient. Since microwave 
irradiation can be used to generate heat inside the resin, it may be 
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specimens may be as a result of a higher degree of conversion 
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content available to be cured further by microwave irradiation. 
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monomers into polymer, has the potential to cause irritation, 
infl ammation, and an allergic response of the oral mucosa. 
Clinical signs and symptoms most frequently reported include 
erythematic, erosion of oral mucosa, and a burning sensation on 
the mucosa and tongue.[26]

Residual monomer concentration varies with the methods 
and the conditions of polymerization.[27] 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 
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internal heat generated. Some studies have shown that 
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The results of the present investigation demonstrated 
that microwave irradiation is a method decreasing the 
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earlier.[24,27-28,30] Thus, the present study supports the 
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irradiation can reduce the residual monomer content of 
autopolymerizing resins. Because of s, the power/time 
combinations were found appropriate for the material; 
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have a contributory effect upon mechanical properties of 
these materials as well as decrease in the possibility of 
cytotoxicity and tissue reactions. Though, the limitations 
of the study were as follows:
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