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 الخلاصة

 مونقققومت اللقققو  وو السقققط صققق ب  الخصقققا)  )( علقققع بعققق  الموجقققال ال ة قققق  المقققا  و    )حمقققا همقققا:  ي العققق   طقققتيقتن باسقققتم ا  التبطقققن تققق  ر التحقققق  ي: الأهددد ا 
 ي رسقو  الجقأ  او   جقأ ي  وو  تجقسق  إ  ع جق  023 ال راسق  مق  ةبق  إعق ا  تم :المداا  طرااقدا اللمد   سقجا  المبطجق   لقاعق   الاكتيلق  راتقج ( مق   المسام   والمتبق  
معالجقب عقق   الجقأ  الثققايع جقال مقق     والمعالجقق  طتيقق و  حمققا  مقا)  عالجققب بطتيقق الم المبطجق  ةاعقق   تمثق  لع جقال  المسققام   المتبق ق  و مققون  ت خققواا اللقو  وو السقط  صق ب 
 30mm 3 ± 0×  51×  03 ذال  بعقققا ) ع جقققال ( الم قققا  و   الموجقققال ال ة قققق  )حمقققا  عققق  و بطقققتيقتن إعقققا   تبط ج قققا تققق  ر تم تق ققق  و ثم  الموجقققال ال ة قققق  طتيققق 
 تم اسققتم ا  ي هقق   ال راسقق   المتبق قق  مونققومت لاختبققار 0mm × 23 × 23 الخققواا و اختبققار للققو   عقق ل( 1mm 2 × 53×  51السققط  و)  صقق ب ختبققار (لا

 الموجقال ال ة قق  عالجقب عق  طتيق الطقق  م ةاعق   سط ص ب  اظ تل الجتا)  ا   النتاقج:  للتحل   الإحصا) متع     اختبارال(   نك  ANOVA) لتباي تحل   ا
كققا   نفقاذ مونقومت    و   ظ ققتلالامتصاصق   كبقرارتفقا   المبطجق   ظ ققتل   جم ققا الع جقالو (P = 31 3ي ) حمقا  مقا)  طقق  ع جقب عقق  طتيق  ةاعقق   مق    علقع بكثقر

الموجقققال   عطقققع  التبطقققن بواسقققط   الاكتيل ققق راتقققج  مققق  ةاعققق    المسقققام   المتبق ققق  و مقققون  ت اللقققو  وو  خقققواا السقققط  صققق ب  ا   : الاسدددتنتا ا او     ي ال قققو   علققع
 المعالجق  بالموجقال ال ة قق  اوةق   ي طتيقق  المتبق ق  ون  تالمق كقا  ك  ق   المقبط  ج التات    الاكتيل الخصا)  الف أيا)   للقاع   اوفض  و    الم كان ك   المعالج  طتيق  ال ة ق 
  ع جال خال   المسام   الع   ك  طتا)   عطع

 

ABSTRACT 

Aims: To investigate the effect of relining by using two curing methods (water bath, or microwave) on 

some properties ( surface hardness, color property, residual monomer, and porosity) of relined acrylic 

resin denture base. Materials and methods: The study was done by preparing 320 samples, divided 

into two parts, the first part involved studying surface hardness, color property, residual monomer, and 

porosity of samples representing a denture base cured by water bath curing method, and the samples of 

second part cured by microwave curing method, then the effect of relining by the two curing methods 

(water bath, and microwave) were evaluated. Samples with dimensions of 30×15×3 ± 0.03mm for the 

indentation hardness test, 45×10×2.5mm for the color property test, 20×20×3mm for residual monomer 

test were prepared in this study. Analysis of variance (ANOVA) and Duncan's multiple range tests 

were used for statistical analysis. Results: surface hardness of denture base cured by microwave was 

significantly higher (at P=0.05) than denture base cured by water bath, all the relined samples has sig-

nificant higher absorbance, and showed that the elusion of monomer was higher at the 1
st
 day. Conclu-

sions: Surface hardness, color property and  residual monomer of the acrylic resin denture base were 

affected by relining. Microwave curing method gave better mechanical, and physical properties of the 

relined acrylic resin denture base, the amount of residual monomer was less in the microwave curing 

method. Both curing methods gave samples free from porosities. 

Key words: Microwave curing, Relining denture base, Residual monomer. 
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INTRODUCTION 

 A critical part of complete denture ser-

vice is the maintenance of the adaptation 

of denture base to the mucosa covering the 

residual ridges. Residual ridges can be 

described as plastic in nature, always 

changing in topography and structure.
(1)

 

One popular method for compensating 

a compromised fit of existing denture is 

the relining. Relining is defined as “the 

procedure used to resurface the tissue side 

of a removable dental prosthesis with new 
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base material, thus producing an accurate 

adaptation to the denture foundation ar-

ea”.
(2)

 

Since microwave technique was ap-

plied for resin cured by microwave tech-

nique, and conventional water bath tech-

nique.
(3-6)

 The present study has been de-

signed to study and compare between the 

two curing methods (water bath, and mi-

crowave) and their effect on the properties 

of denture base after relining by using the 

two curing methods.  

MATERIALS AND METHODS 
 In this study two heat cured resins 

were used (Major base 2, and Quayle Den-

tal heat cure acrylic resin denture base ma-

terials). Three hundred twenty samples 

were prepared; half of them were prepared 

from Major heat curing resin, while the 

other half was prepared from Quayle den-

tal heat curing resin. The study was divid-

ed into two parts (Figure 1):  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (1): Experimental Design of the two parts the Study. 

 

 
1. Part W(Water bath): involved studying 

surface hardness, color property, residual 

monomer, and porosity properties of sam-

ples representing a denture base cured by 

water bath curing method, then the effect of 

relining by two curing methods (water bath 

and, microwave) were studied. 

2. Part M(Microwave): involved studying 

the mechanical, and physical properties of 

samples representing a denture base cured 

by microwave curing method, then the effect 

of relining by two curing methods (water 

bath, and microwave) were studied. 

The samples (control group) were pre-

pared by placing a sheet of wax against a 

glass slab; the sheets were cut by using a 

sharp wax knife to the desired length, and 

width specified for each test. According to 

the results in part I of this study, the thick-

ness of 1 mm relining material: 1.5mm. of 

denture base was choose in this study as 

1mm. of reduction of denture base before 

relining was taken by many authors.
( 1,7-11)

 

The acrylic polymer and monomer were 

mixed. The acrylic dough was applied over 

the tissue surface of the samples, and then 

packing, curing, and deflasking were pro-

ceeded. 

Hardness Test: Ninety six samples were 

prepared with dimensions of 30153  

0.03 mm, for relined samples, the ratio of 

relining to denture base was 1.2:1.8mm.The 

samples were stored in distilled water at 

37
o
C for 48hr. before testing. The polished 

and relined surfaces were tested for hardness 

at five different locations then the mean is 

taken for each surface. 

The test was done by using Rockwell 

hardness tester, equipped with an indenter in 

the form of round steel ball of 6.35 mm. in 

diameter. The sample was first subjected to 

a fixed minor load of 10 kg, then load of 50 
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kg was applied to the sample and the Rock-

well hardness number was recorded after 

application of this load by 15 sec. 
(12)

 

Color Property Test: Ninety six samples 

were prepared with dimensions of 

45102.5 mm (length, width, and thick-

ness) respectively, for the relined samples 

the ratio of relining material to denture base 

was 1:1.5 mm. The acrylic samples were 

stored in the distilled water for 7 days at 

37
o
C 1

o
C before testing. The assessment of 

color property was performed using an ultra 

violet visible spectrophotometer (CECIL 

2000), it is a photometric device used to 

measure the light transmitted or absorbed 

within a specific material. The absorbed 

light is measured with accuracy up to 

0.001.
(13-15)

 

Residual Monomer Test: One hundred 

eighty two samples were prepared with di-

mensions of 20203 mm (length, width 

and thickness) respectively, for all relined 

samples the ratio of relining to denture base 

was 1.2:1.8mm. Two additional groups were 

prepared in this study; one represented dou-

ble curing by water bath curing method, and 

the other represented double curing by mi-

crowave curing method. 

Each sample was introduced in a sealed 

glass flask containing 10 ml. of distilled 

water at 37
o
C. at appropriate time intervals 

(24 hr. 48hr.,3
rd

 ,4
th
 ,5

th
,6

th
,and 7

th
 days) , 

the supernatants were removed and re-

placed by 10 ml of fresh distilled water. 

The time dependence of the monomer 

concentration was followed by monitoring 

the amount of monomer present in the su-

pernatant medium using a (CECIL 2000) 

ultraviolet-visible spectrophotometer 

(=254 nm). 
(5)

 A linear calibration curve 

of methyl methacrylate (MMA) concentra-

tion as a function of absorbance at 254 nm. 

was obtained using MMA standard aque-

ous solutions in the range of 0.025-0.5 

mg/ml. The results were expressed as a 

percent of released residual monomer 

mass with respect to the weight of the 

specimen 
(5)

. 

Porosity Test: All samples prepared in 

this study were evaluated for the presence 

of porosity by examining them under re-

flecting light microscope (LOMO Micmed 

2), using 10 and 40 magnifications re-

spectively.
(3,4,6) 

Statistical analyses used in 

this study were one way analysis of vari-

ance and Duncan's multiple range tests. 

 

RESULTS 
Hardness Test:The one way analysis of 

variance (ANOVA) is shown in table (1). 

 
Table (1): The One Way Analysis of Variance (ANOVA) of the Surface Hardness of the Den-

ture Base for the Control, and Relined Groups. 

 
Sum of 

square 
Df Means square F Sig. 

Major 2099.97 

196.08 

2296.05 

5 

42 

47 

419.99 

4.67 

89.96 0.000 

Between group within group Total 

QD 2332.5 

97.59 

2430.09 

5 

42 

47 

466.5 

2.32 

200.76 0.000 

Between group within group Total 

Df = degree of freedom,  F=F value,  Sig.= Significance.  

 

 
The Duncan’s multiple range test (Fig-

ures 2), showed that the surface hardness 

of the denture base cured by microwave 

curing method was significantly higher (at 

P=0.05) than denture base cured by water 

bath curing method. The test also showed 

that all the denture base samples after re-

lining showed a significant reduction in 

surface hardness despite of the curing 

method of relining. 
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Figure (2): Means of the Surface Hardness of the Denture Base for the Control, and Reilned 

Groups. (Major-A, QD-B) 

 

 

 

Color property Test: The one way 

analysis of variance (ANOVA) is shown 

in table (2).The Duncan’s multiple range 

test (Figure 3) 

 
 

 

Table (2): The One Way Analysis of Variance (ANOVA) of the Absorbance for the Control, 

and Relined Groups. 

 
Sum of 

square 
Df. 

Means 

square 
F Sig. 

Major 0.004 

0.000 

0.004 

5 

42 

47 

0.000 

0.000 

1466.66 0.000 

Between group within 

group total 

QD 0.004 

0.000 

0.004 

5 

42 

47 

0.000 

0.000 

890.69 0.000 

Between group within 

group total 
    Df = degree of freedom.  F = F value.  Sig. = Significance. 
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Figure (3): Means of the Absorbance (nm) for the Control, and Relined Groups. (Major-A, 

QD-B) 

  
Shows that all the relined samples had 

an absorbance significantly higher than the 

control group at (P=0.05). The test showed 

that there was no significant difference 

between the curing methods on the color 

property of the denture base.  The test also 

showed that there was a significant differ-

ence in color property (absorbance) be-

tween the two denture base materials (Ma-

jor and QD). 

Residual Monomer Test: The one way 

analysis of variance (ANOVA) of the per-

cent of released monomer with respect to 

the weight of the specimens (%W/W), of 

the 1
st
, 2

nd
, 3

rd
 ……. 7

th
 day, was shown in 

table (3). 

 

 
Table (3): The One Way Analysis of Variance (ANOVA) of the Percent of Released Mono-

mer with Respect to the Weight of the Specimens (%W/W), of the Control, Relined, and 

Double Curing Groups. 

 Sum of square Df. Means square F Sig. 

Major 0.0067 

0.0534 

0.0601 

7 

48 

55 

0.0009 

0.0001 

0.86 0.544 

Between group within 

group total 

QD 0.0067 

0.0529 

0.0596 

7 

48 

55 

0.0009 

0.0011 

0.88 0.531 

Between group within 

group total 
   Df  =  degree of freedom,  F = F value, Sig. =  Significance.  

 

 

The Duncan’s multiple range tests 

(Figure 4) showed that the elusion of 

monomer was higher at the 1
st
 day, then 

the 2
nd

, 3
rd

 and 4
th
 day. From the 5

th
 to the 

7
th
 days there were no monomer elusions. 

This means that the elusion of monomer 

was higher at the 1
st
 day then declines till 

the 4
th
 day. 

A 

B 
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Figure (4): Means of the Percent of Released Monomer with Respect to the Weight of the 

Specimens (%W/W), of the Control, Relined, and Double Curing Groups. (Major-A, QD-B) 

 

 
Two additional groups were prepared 

in this test, one representing double curing 

by water bath curing method, and the other 

group was double curing by microwave 

curing method. The one way analysis of 

variance (ANOVA) is shown in Table (4). 

 
 

 

Table (4): The One Way Analysis of Variance (ANOVA) of the Percent of Released Mono-

mer with Respect to the Weight of the Specimens (%W/W), of the Days being Tested. 

 Sum of square Df. Means square F Sig. 

Major 0.045 

0.014 

0.059 

6 

49 

55 

0.007 

0.000 

25.75 0.000 

Between group within 

group total 

QD 0.045 

0.014 

0.06 

6 

49 

55 

0.007 

0.000 

25.21 0.000 

Between group within 

group total 
DF = degree of freedom, F = F value, Sig. = Significance.  

 

 
 

The Duncan’s multiple range test of the 

percent of released monomer (Figure 5) 

Showed that there was no significant dif-

ference in the percent of released mono-

mer between the control, and relined 

groups. The double curing showed less 

amount of residual monomer than the con-

trol groups. The microwave curing method 

showed less amount of residual monomer 

than the water bath curing method. 

A 

B 
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Figure 5: Percent of Released Residual Monomer for Both 

Curing Techniques in Seven Days.
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Porosity Test: The results of this study 

showed that all the samples prepared in 

this study were free from porosity, wheth-

er control or relined groups, or cured by 

water bath or microwave.  

 

DISCUSSION 
Surface Hardness Test: The term 

hardness is used to describe the resistance 

of a material to penetration when indented 

by a hard object, a part from scratch or 

abrasion resistance. However, the hardness 

of a material is by no mean precise and 

several methods of evaluating this proper-

ty have been developed, including Vick-

ers, Rockwell, Knoop tests. 
(16)

 

In this study the Rockwell hardness test 

was used. The results in table (1) and fig-

ure (2) shows that the denture base after 

relining despite of the curing method used, 

had a decrease in the surface hardness of 

the denture base at P = 0.05. This could be 

explained by water sorption phenomenon 
(17, 18)

, the water sorption occurs from the 

water present in the surrounding invest-

ment material (stone). Issac 
(12)

 found that 

the mean value of Rockwell hardness 

number is in inverse relation to the per-

centage water content of hardness test 

samples. 

Another possible explanation for the 

reduction in surface hardness was reheat-

ing of the old resin (denture base) to cure 

the reline resin. This heat would lead to 

partial depolymerization, the heat stress 

cause water sorption of polymer to in-

crease because of an extension of the dis-

tance between polymer chains. The water 

taken up in polymer acts as plasticizer and 

leads to decreased mechanical proper-

ties.
(9, 19,20)

 The results also showed that the 

microwave curing method gave a higher 

surface hardness value (112.137±3.02 for 

Major and 113.175±1.54 for QD) than the 

water bath curing method for the control 

groups, without relining (109.85±3.93 for 

Major and 111.312±2.339 for QD). These 

results were in agreement with other au-

thors.
(21, 22)

 

Color Property Test: The results of this 

test, Table (2), and Fgure (3) showed that 

the denture base after relining despite the 

method of curing used, showed  a signifi-

cant increase at P = 0.05 in the optical 

density - absorbance - of the relined den-

ture base. This could be attributed to the 

reheating of the old resin (denture base) to 

cure the new resin (reline resin), that could 

affect the dyes and pigments present in the 

material, also it could be attributed to the 

oxidation of un reacted double bonds of 

the un polymerized methyl methacrylate 

monomer. This un reacted monomer was 

present in the resin matrix because the de-

gree of polymerization would never be 

100% complete.
(23, 24)

 

The results also revealed that there 

were no significant differences in the opti-

cal density (color property) for micro-

wave, and water bath cured acrylic resin. 
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researches showed that the main two fac-

tors that have a major role in color proper-

ty of acrylic resin are residual monomer 

content, and porosity caused by overheat-

ing. 
(23, 25)

 

 In this study lower wattage (80 

watts), longer curing cycle (30 minutes, 

and 15 minute per side followed by 1.5 

minutes at high setting (500 watts) was 

used for microwave curing method. This 

curing cycle facilitated the exothermal 

heat to be dissipated quickly to the sur-

rounding investing material, and the low 

wattage that was selected for the curing 

facilitates spreading of heat in gradual 

manner so that boiling point (100.3
o
C) of 

the monomer was not reached. The 1.5 

minutes at the high setting (500 watts) al-

lowed removal of high percentage of re-

sidual monomer content in the acrylic res-

in, while the curing cycle for water bath 

method was selected in this study accord-

ing to manufacturer’s instructions. These 

results were in agreement with Hatim et 

al.
 (15)

 

Residual Monomer Test: The origin of 

inferior properties in denture base acrylic 

is more likely to be due to factors such as 

residual monomer, porosity, crazing, or 

residual stresses. 
(26)

 All acrylic resin den-

ture bases contain a slight amount of re-

sidual monomer after processing. Howev-

er, practically all traces of the residual 

monomer are extractable in water, or by 

saliva, and will disappear in few hours 

when worn by the patient, or immersed 

water 
(27)

. 

The results of this study table (3) and 

figure (4) showed that, regardless of the 

group, residual monomer contents detected 

in the first 24hr. of analysis were higher 

than those found in the subsequent days 

and decreased with time. The decrease in 

the daily release of the monomer occurred 

as a result of the diffusion of the monomer 

into water and by continuous polymeriza-

tion promoted by the active radicals found 

in the polymer chain. 
(17, 18, 28) 

The residual monomer content of the 

heat cured denture base polymers was 

considerably low (less than 0.2%). This 

can be explained by the higher curing 

temperature, which can be as high as the 

Tg (glass transition temperature) of the 

matrix phase of the heat cured denture 

base polymer (97-100
o
C). Above the Tg of 

the polymer, the monomers of the resins 

have a better ability to polymerize due to 

higher molecular chain motions, and neu-

tralization of the immobilization of MMA 

in the glass polymer at higher tempera-

tures. 
(29)

 

Table (4) and figure (5) showed that the 

double curing by water bath, or microwave 

curing method showed less amounts of 

residual monomer. This was in agreement 

with Urban et al 
(30)

 who stated that a fur-

ther (soft-liner) heat cure cycle (2hr.at 

100
o
C) had a significant effect on reducing 

monomer concentrations. The study also 

showed that the microwave curing method 

had less amount of residual monomer than 

water bath curing method. This could be 

explained by that microwaves act only on 

the monomer, which decreases in the same 

proportion as the polymerization degree 

increases. Therefore, the same amount of 

energy is absorbed by less and less mono-

mer, making the molecules increasingly 

active. This is important because a form of 

self regulation of the curing program takes 

place and leads to complete polymeriza-

tion of the resin. 
(30)

 

Porosity Test: The result in this study 

showed that all the samples prepared in 

this study were free from porosities; this 

could be explained by the curing cycles 

used in the study. 

In the water bath curing method, the 

manufacturer instructions were followed 

which allow gradual heating of the materi-

al for 30 min. from 70
o
C to 100

o
C, then 

boiling for another 30 min. In the micro-

wave curing method, lower wattage 

(80watts) and longer curing cycle (30 

minutes, 15 minutes per side) followed by 

1.5 minutes at high setting (500 watts) was 

used. This curing cycle facilitated the exo-

thermal heat to be dissipated quickly to the 

surrounding investing material, and the 

low wattage that was selected for the cur-

ing facilitated spreading of heat in gradual 

manner so that boiling point (100.3
o
C) of 

the monomer was not reached. 
(15)

. Also it 

can be assumed that, if a conventional res-

in denture base was ≤ 3mm thickness, it 

could be polymerized safely in a micro-

wave oven,
(32)

 s0o the samples in this 

study were free from porosities.  
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CONCLUSIONS 
1-Surface hardness of denture base cured 

by microwave curing method was signif-

icantly higher than surface hardness of 

denture base cured by water bath curing 

method. 

2-Relining, despite of the method of cur-

ing used for relining, decrease the sur-

face hardness of the denture base. 

3-There is no significant difference in the 

optical density (color property) of the 

denture base material cured by both cur-

ing methods. The optical density (color 

property) of the relined denture base was 

significantly higher than the control 

group (denture base without relining). 

4- Microwave curing method resulted in 

lower amount of residual monomer than 

water bath curing method. Residual 

monomer contents detected in the first 

24hr. of analysis were higher than those 

found in the subsequent days and de-

creased with time. Double curing leaded 

to a decrease in the amount of residual 

monomer in denture base material. 

5-Both curing methods produced sam-

ples that are free from porosities. 
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