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 الخلاصة
) أسابيع على خاصية امتصاص الماء ، الذوبان 12 ، 4:تدف هذه الدراسة إلى تقييم تأثير المعالجة بتقنية الضغط الجافة بعد غمرها في الماء المقطر لمدة (ا ، الأهداف

: المواد وطرئق العمل، و تغير اللون على مادة  الراتنجالاكريليك المعالج حراريا بالمقارنة مع تقنية المعالجة التقليدية، وأيضا لتقييم تأثير فترة الغمر على هذه الخصائص. 

تم استخدام ستين عينة من مادة الراتنجالاكريليك المعالج حراريا تمت معالجته بتقنيتين مختلفتين (تقنية المعالجة التقليدية و تقنية المعالجة بالضغط الجافة)، ثم الغمر في الماء 

) أسابيع. تم اختبار خاصية امتصاص المياه و اختبار قابلية الذوبان عن طريق التغيير الشامل في الكتلة بعد التشبع بالمياه و الجفاف. في حين 12 و 1،4المقطر لمدة (

 760تم اختبار تغير اللون من قبل العينات بعد تحويلها إلى صور رقمية على جهاز الكمبيوتر باستخدام الماسح الضوئي الرقمية ، ثم أعدت الصور الرقمية ببعد (

 الأولية RGB تم تحليل لألوان MATLAB 2010 ، ومن خلال برنامج Adob 9.0 بكسل) لكل عينة بواسطة برنامج فوتوشوب برنامج 960بكسل * 

) لأداء CIE L * A * B ، واستخدمت مقياس فرق اللون ( * 9.0  ) عن طريق برنامج فوتوشوب CIE L * A * Bالأساسية ، ثم تم تحويله إلى نظام(* 

: من خلال المقارنات بين تقنيات المعالجة، تبين أن هناك تغير ملحوظ  في النتائجاختبار تغير اللون. من ثم تم التحليل باستخدام تحويل البيانات و اختبار دنكن. 

 في أوقات الغمر المختلفة P> 0.05  ، في حين أن اختبار خاصية تغير اللون بين أنه لا يوجد تغير ملحوظ عند P≤ 0.05خاصية امتصاص المياه والذوبان عند  

 أسابيع) . إما بالمقارنة بين أوقات الغمر اظهر  أن هناك تغير ملحوظ في خاصية امتصاص الماء ، قابلية الذوبان ، و اختبار تغير اللون لكلا تقنيات 12و 4، 1(

: تقنية المعالجة بالضغط الجافة لها تأثير على خاصية امتصاص المياه والذوبان و ليسى لها تأثير على خاصية تغير اللون في الاستنتاجات  . P≤ 0.05المعالجة عند 

 أوقات الغمر المختلفة، في حين إن فترة الغمر يكون لها تأثير على الامتصاص الماء ، الذوبان ، و تغير لو�ا لكلا تقنيات المعالجة.

 
ABSTRACT 

Aims: The purpose of this study was to evaluate the effect of dry pressure curing technique  after 
immersion in distilled water for 1 ,4 and 12 weeks on the water sorption, solubility, and color change of 
heat cured acrylic resin as compared with conventional curing technique, also to evaluate the effect of 
immersion period on these properties.  Materials and methods: Sixty specimens of vertex regular heat 
cured acrylic resin denture base material were used in this study, curing by two different technique, 
conventional curing technique and dry pressure curing technique, then immersed in distilled water for 
1,4, and 12 week . The water sorption and solubility test were measured by means of mass change in 
the materials after water saturation and dehydration. While the color change test was measured by the 
samples converted to digital images on computer by using digital scanner, then the digital images were 
prepared with dimension 760 pixels*960 pixels for each samples by software program Adob Photoshop 
9.0, by MATLAB 2010 program the image was analyzed to the basic primary colors RGB, then 
converted to (CIE L*a*b*) system by  Photoshop 9.0 program, the CIE L*a*b*  color difference metric 
were used to perform color change test. Mean values were compared statistically with T-test, one way 
analysis of variance and by Duncan's multiple range test to determined the significant different among 
the groups at p<0.05 level of significance. Results: In comparisons between curing techniques, that 
there was  significant difference at p≤ 0.05 in water sorption and  solubility, while in color change that 
there was no significant difference at P> 0.05 in different times immersion (1,4,and 12 weeks). In 
comparisons between immersion time that there was  significant difference at p≤ 0.05 in water 
sorption,  solubility, and color change test for both curing techniques. Conclusion: The dry pressure 
curing technique has an effect on the water sorption and solubility ratios but no effect on color change 
of heat cured acrylic resin, while the immersion period have an effect on the water sorption, solubility, 
and color change. 
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INTRODUCTION 
Polymethyl methacrylate is the most 

used acrylic resin and is characterized as 
being strong, having satisfactory optical 
properties, copying oral tissue appearance, 
showing low water sorption and solubility 
to oral tissues, no other material has been 
found that matches the appearance of the 
oral soft tissues with as great as fidelity as 
acrylic resin.(1) Curing processes have been 
modified in order to improve the physical 
and mechanical properties of those mate-
rials, and also to afford the technical work 
of the professionals. Different polymeriza-
tion methods have been used: heat, light 
and microwave energy.(2) 

Sorption of material represents the 
amount of water adsorbed on the surface 
and absorbed into the body of the material. 
The sorption of poly methyl methacrylate 
(PMMA) is facilitated by its polarity and 
the mechanism primary responsible for 
ingress of water is diffusion.(3) High  
equilibrium uptake of water can soften a 
denture because the absorbed water can 
act as a plasticizer of (PMMA) and reduce 
the strength of the material.(4) Whereas 
solubility represents the mass of the  
soluble materials from polymer. The only 
soluble materials presented in the denture 
base resins are initiator, plasticizers and 
free monomer.(5,6) High solubility is not a 
favorable characteristic for denture mate-
rials. The denture base resins are com-
pletely insoluble in water and in most flu-
ids that come in contact with the resin in 
the oral cavity. Any observed loss of 
weight of the resin is a measure of the spe-
cimen solubility.(6) The phenomena of 
sorption and solubility producing delete-
rious effects, these effects may include 
volumetric changes such as swelling, 
physical changes such as plasticization and 
softening, and chemical changes such as 
oxidation and hydrolysis and color 
change.(7) 

Color stability is the property of a 
material that allows color to be maintained 
over a period of time in a given environ-
ment. It is considered an important physi-

cal property of dental materials.(8) Color 
change in acrylic resins can result from 
intrinsic and extrinsic factors.(9,10) Intrinsic 
discoloration is due to the aging of materi-
al, which results from exposure to physical 
and chemical conditions that involve 
thermal changes and humidity.(11) Extrinsic 
factors, such as absorption and adsorption, 
can promote discoloration. (12,13) 

poly methyl methacrylate resins were 
molded by using simple compression 
technique. Polymerization was accom-
plished by heating the molded material in 
water bath, with advances in polymer 
science, new molding and activation tech-
niques have been introduced such as visi-
ble light cured, microwave and ivomat 
activation techniques.(14) Dry pressure cur-
ing technique are new method for curing 
heat cured acrylic, there was no previous  
publish articles concerning the properties 
of heat cured acrylic cured by this method 
so, the purpose of this study was to  
evaluate the effect of dry pressure curing 
technique after immersion in distilled wa-
ter for 1 ,4, and 12 weeks on the water 
sorption, solubility, and color change of 
heat cured acrylic  as compared with  
conventional curing technique, also to eva-
luate the effect of immersion period on-
these properties.  

 
MATERIALS AND METHODS 

Sixty specimens of heat cured acrylic 
resin denture base material (Vertex  
Regular, Holland) were used in this study, 
curing by two different technique,  
conventional curing technique (as control) 
and dry pressure curing technique. The 
heat cured acrylic resin was selected to 
evaluate the influence of two different me-
thods of curing technique on the water 
sorption, solubility, and color change 
properties of these material after immer-
sion in distilled water for 1,4 and 12weeks.  
Pressure curing units (Lingchen) was used 
in this study at 600 Watt for 25 minutes 
(according to the manufacturer instruc-
tions) as shown in Figure (1). 
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Figure(1): Pressure curing units. 

 
Powder (polymer) and liquid  

(monomer) of heat cured acrylic resin 
have been mixed according to the  
manufacturer's instruction and packed into 
stone mold in the metal flask, then the 
flask was re-closed and pressed  under  a 
hydraulic press 100 bar for fifteen  mi-
nutes. For conventional curing technique 
the specimens  were cured  by water bath 
according to its manufacturer's instruction 
(90 mints in 73°C then 30 mints in 
100°C). While in dry pressure curing tech-
nique, the specimens were cured for 30 
min in pressure curing units  at 104°C , 
then switch off  and the flask removed 
from device (according to manufacturer 
instructions of device), then the flasks 
were left aside for bench cooling at room 
temperature before opening; the samples 
have been removed, finished with engine 
stone bur. 
 
Water sorption and water solubility test 
      Thirty disk specimens were prepared 
by using a stainless steel die with  
dimensions of 50mm ± 1mm diameter and 
0.5mm ± 0.1mm for thickness.(15)  For 
sorption test, the specimens were dried in 
a desiccators containing freshly dried sili-
ca gel arranged according to their group 
and separated by filter paper. Then, the 
desiccators was stored in an incubator at 
37±1°C for 24 hours. The specimens were 
removed to a similar desiccators at room 
temperature for one hour then weighed to 

an accuracy of 0.001 gm using a digital 
electronic balance device (Mettler PM 
460, Germany). This cycle was repeated 
every 24 hours until a constant mass (W1) 
was reached. Then, the specimens were 
immersed in distilled water for 1,4 and 12 
weeks at 37±1°C, then all test groups the 
disks were removed from distilled water 
with tweezers and wiped with a clean dry 
towel until free from moisture and 
weighed this mass was recorded as (W2), 
this represent the weight of the specimen 
after absorption of distilled water. After 
that to obtain the value of solubility test, 
the disks were reconditioned to a constant 
mass in the desiccators at 37±1°C as done 
previously for sorption test and the con-
stant reconditioned mass was recorded as 
(W3). The absorption and solubility values 
were determined as follows:-(16-18) 

Absorption=  [(W2-W3)/W1]*100 
Solubility=  [(W1-W3)/W1]*100 

 
Color Change Test 
      Thirty specimens were prepared by 
using a Hard elastic foil (Easy-Vac 
Gasket) with uniform dimensions of 
30*20*1.5mm±1mm  (length, width, and 
thickness respectively).(19) The samples 
converted to digital images on computer 
by using digital scanner (CanoScanLiDE 
100, Canon solutions). The images were 
digitized, with an input resolution of 1200 
pixels per inch.(20) These digital images 
were prepared with dimension 760  
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pixels*960 pixels for each samples  
(exclude label on sample) by software 
program Adob Photoshop 9.0. Then these 
images were saved, by MATLAB 2010 
program. Then each image was analyzed 
to the basic primary colors RGB  
(red, green, and blue) then given mean 
values.  Primary colors RGB values  
converted to CIE L*a*b* system by Pho-
toshop 9.0 program. CIE L*a*b*   
color difference metric were used to  
perform color change test by using  
Photoshop 0.9 program to obtain the base-
line L*, a*, b* values and the total color 
change (ΔE) of each samples was calcu-
lated for each sample at each evaluation 
using the following formula:(21,22) 

 
ΔE = [ (L*2- L*1)2  + (a*2- a*1)2  +  

(b*2- b*1) 2 ]1/2 
(L*1, a*1, b*1= before immersion, L*2, 

a*2, b*2= after immersion) 
 
Δ E value of (3.7) or less is considered to 
be clinically acceptable in vitro study and 
of (6.8) is considered to be clinically  
acceptable in vivo study.(21,23) The mean 
and standard deviation were calculated.  
T-test, One way analysis of variance and 
Duncan's multiple rang test were used to 

analyze the data and to determine the level 
of significant difference among the test 
groups at P ≤ 0.05% level of significant. 

 
 

RESULTS 
water sorption and solubility 

Tables (1 and 3) demonstrated the t- 
test values in comparisons between  
curing techniques of heat cured acrylic 
resin that showed significant difference at 
p≤ 0.05 in water sorption and solubility 
between dry pressure curing technique 
with conventional curing technique for 
heat cured acrylic resin in different times 
immersion (1,4, and 12 weeks),that the  
water sorption and solubility in dry pres-
sure curing technique  higher than conven-
tional curing technique. 

ANOVA test as shown in Tables (2 
and 4) and Duncan’s multiple range test 
Figures ( 2 and 3) demonstrated that there 
was significant difference at p≤ 0.05 in the 
water sorption and solubility between dif-
ferent times immersion for both tech-
niques. The water sorption and solubility 
for samples that immersion for 12 weeks 
in both curing techniques higher as com-
pared with other immersion periods. 

 
Table (1): Water sorption of dry pressure and conventional curing techniques (T- test). 

` Type of curing No. Mean Std. Deviation T. Value Df P. Value 

1 Week 
Conventional 5 1.8710 0.02655 

-29.280 8 0.000* Dry Pressure 5 2.2260 0.00548 

4 Week Conventional 5 2.2450 0.00500 -58.294 8 0.000* Dry Pressure 5 2.3760 0.00548 

12Week 
Conventional 5 2.3550 0.00500 

-66.634 8 0.000* Dry Pressure 5 2.5760 0.00548 
 

Table (2): ANOVA of water sorption  between times immersion of heat 
cured acrylic resin in two curing techniques. 

Group Sum Squares Df Mean Square F Sig. 

Conventional 
curing 

Between Groups 0.643 2 0.321 1260.059 0.000* 

Within Groups 0.003 12 0.000   
Total 0.646 14    

Dry pressure 
curing 

Between Groups 0.307 2 0.153 5411.824 0.000* 
Within Groups 0.000 12 0.000   

Total 0.307 14    
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Table (3):Water solubility of dry pressure and conventional curing techniques (T- test). 
Time Type of curing No. Mean Std. Deviation T. Value Df P. Value 

1 Week Conventional 5 0.60280 0.039613 -5.050 8 0.001* Dry Pressure 5 0.71260 0.028192 

4 Week Conventional 5 0.83040 0.041180 -2.975 8 0.018* Dry Pressure 5 0.90480 0.037831 

12Week Conventional 5 0.89500 0.005000 -31.623 8 0.000* Dry Pressure 5 0.99500 0.005000 
 

Table (4): ANOVA  of water solubility  between times immersion of heat cured  
acrylic resin in two curing techniques. 

Group Sum Squares Df Mean Square F Sig. 

Conventional  
curing 

Between Groups 0.236 2 0.118 107.413 0.000* 

Within Groups 0.013 12 0.001   
Total 0.249 14    

Dry pressure  
curing 

Between Groups 0.208 2 0.104 138.635 0.000* 
Within Groups 0.009 12 0.001   

Total 0.217 14    
From Tables (1-4) : * Significant difference at p≤0.05. 

 
Figure (2): Duncan’s multiple range test of water sorption for different times of immersion. 

 

 
Figure (3): Duncan’s multiple range test of water solubility for different times of immersion. 
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Color Change (ΔE)  
Table (5) demonstrated the t- test val-

ues in comparisons between curing tech-
niques of heat cured acrylic resin that 
showed no significant difference at P>0.05 

in color change between dry pressure cur-
ing technique with conventional curing  
technique for heat cured acrylic resin in 
different times immersion (1, 4, and 12 
weeks). 

 
Table (5): Color change of dry pressure and conventional curing techniques (T- test). 

Time Type of curing No. Mean SD T.Value Df P.Value 

1 Week Conventional 5 0.4440 0.39929 -0.350 8 0.735 Dry Pressure 5 0.5120 0.17152 

4 Week Conventional 5 0.8460 0.41223 -0.585 8 0.574 Dry Pressure 5 0.9840 0.32853 

12Week Conventional 5 1.4020 0.66039 -1.090 8 0.307 Dry Pressure 5 1.8180 0.54002 
No significant difference at p > 0.05 
 

ANOVA test as shown in Table (6) 
and Duncan’s multiple range test Figure 
(4) demonstrated that there was significant 
difference at P≤ 0.05 in the color change 
between different times immersion for 

both curing techniques. The color change 
for samples that immersion for 12 weeks 
in both curing techniques higher as  
compared with other immersion periods. 

 
Table (6): ANOVA of color change  between times immersion of heat 

cured acrylic resin in two curing techniques. 
Group Sum Squares Df Mean Square F Sig. 

Conventional 
curing 

Between Groups 2.314 2 1.157 4.535 0.034* 

Within Groups 3.062 12 0.255   
Total 5.376 14    

Dry  
pressure curing 

Between Groups 4.373 2 2.187 15.292 0.001* 
Within Groups 1.716 12 0.143   

Total 6.089 14    

 
Figure (4): Duncan’s multiple range test of color change for different times of immersion. 

 
DISCUSSION 

water sorption and solubility:  
All samples of acrylic resin used in 

this study demonstrated water sorption and 
solubility after storage in water (Tables 
1-4). Sorption can be related to the  

polarity of acrylic resin(due to unsaturated 
bond).(24) While, solubility can be related 
to the leach of soluble material that present 
in an acrylic resin (initiator, plasticizer, 
residual monomer).(25) 

Table (1and 3) demonstrated that the 
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water sorption and solubility in dry pres-
sure curing technique  higher than conven-
tional curing technique. In this study that 
the time and temperature for curing differ-
ent between both techniques. This result 
comes in agreement with the finding of 
Janaina et al.,(2003)(26)in that the method 
of polymerization has decisive feature on 
the physical properties of the cured resin. 
They reported a correlation between the 
polymerization temperature and time, and 
water sorption and solubility, depending 
on the polymerization temperature and 
time, various quantities of residual mono-
mer are left in the polymer. If residual 
monomer is present, less monomer con-
version occurs and may result in increased 
sorption and solubility.(27) 

Tables (2and 4) and Figure (2 and 3), 
demonstrated that there was a significant 
increase in water sorption and solubility 
with increase times for immersion  
(1,4, and 12 weeks) for both curing tech-
niques, this results is agreement with Al-
Nori et al., (2007)(28) who concluded that 
the immersion period have an effect on the 
water sorption and solubility ratios of the 
different types of heat cured acrylic resin, 
also agreement with Van (2002)(29) who 
found that the water sorption is gradual  
process taking many months to complete.   
 
Color Change (ΔE): 

Table (5) demonstrated no significant 
difference in color change between the 
two curing techniques in different times 
immersion (1, 4, and 12 weeks), this result 
come in agreement with Assunçao et 
al.,(2009) (30) who concluded that the color 
of heat cured acrylic resin teeth was not 
affected by the polymerization methods.  
      in Table (6) and Figure (4)  
demonstrated that there was a significant 
increase in color change with increase 
times for immersion (1,4, and 12 weeks) 
for both curing techniques, due to water 
sorption and solubility  that affect color of 
heat cured acrylic resin at different times 
immersion. The water sorption has detri-
mental effect on the color stability.(29) Wa-
ter plays an important role in chemical 
degradation processes such as oxidation 
and hydrolysis and the subsequent change 
of the optical properties of the dental  
polymer materials.(31) 

 
CONCLUSION 

This study comes up with the  
following  conclusions:  
1. The method of curing technique and 
immersion period have an effect on the 
water sorption and solubility ratios of heat 
cured acrylic resin. 
2. The immersion period have an effect on 
the color change (ΔE ) of heat cured  
acrylic within accepted color change (ΔE 
≤ 3.7 ) in vitro study. 
3. The type of curing technique have no 
effect on color change (ΔE ). 
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