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THE EFFECT OF TWO CURING PROCESSING TIME BY 

IVOMAT ON THE POROSITY OF COLD CURE 

 ACRYLIC RESIN DENTURE BASE 

 (A COMPARATIVE STUDY) 
 

هذسط هغبعذ  -الأعٌبىهبجغخ٘ش حقٌ٘بث  /ألشوشٕ عجٔ علٖ هحغي  

هذسط هغبعذ  -إخلاص صٗذ عبْد الطبئٖ/ هبجغخ٘ش حقٌ٘بث الأعٌبى  

خقٌ٘بث الصح٘ت ّالطب٘ت/ ُ٘ئت الخعل٘ن الخقٌٖكل٘ت ال  
 

 

 الملخص
 حِذف ُزٍ الذساعت إلٔ حق٘٘ن حأث٘ش الوعبلجت بْاعطت الوبء ّالضغظ الحشاسٕ داخل جِبص الـ  

علٔ هغبه٘ت قبعذة طقن الأعٌبى الوصٌْع هي ساحٌجبث الاكشٗل٘ك الببسدة فٖ    Ivomat 

دق٘قت( ّ هقبسًخِب هع ساحٌجبث الاكشٗل٘ك الببسدة الوخبلوشة بصْسة راح٘ت )ك٘و٘بئ٘ب(.  20 ّ 15هشكض ّ هح٘ظ العٌ٘بث الوخبلوشة لوذة )

 3هلـن(,كوب ّ قغوج إلٔ  3هلـن( ّ عُوك  )  61* 64* 62* 65عٌ٘ت هي ساحٌجبث الاكشٗل٘ك الببسدة راث الأبعبد )  30حن اعخخذام  

 ٗب٘ـت(لكــل هجوْعـــت حجش 10هجبه٘ع حجشٗب٘ت ) العـــــذد = 

)G1 : دقــ٘قت/ هجوْعت ضـببطت    45 -) ساحٌجبث الاكشٗل٘ك البـــــــــبسدة: بلــــــوشة راح٘ـت  

)G2 : ٕدقــ٘قت   15 -) ساحٌجبث الاكشٗل٘ك البــــــــبسدة: هعبلــج هبئٖ ححـج ضغـظ حــــشاس  

)G3 : دقــ٘قت   20 -حــــشاسٕ ) ساحٌجبث الاكشٗل٘ك البـــــــــبسدة: هعبلــج هبئٖ ححـج ضغـظ  

لــــقذ حــن حق٘٘ن الوغابه٘ت لاـلعٌ٘بث بعاذ إكوابم الوعبلجات, الخاـشزٗل, ّ الخلو٘اع, باـعذ رلاـك أنواشث العٌ٘ابث فاٖ حباش اعاْد ّأحصا٘ج 

ّ حاـحج الوغــــبم بْاعاطت الوجِاش. أرِاشث الٌخابئج بصاْسة عبهات أى ساحٌجابث الاكشٗل٘اك البابسدة الوخبلواشة داخال الوعابلج الوابئٖ 

دقـاـ٘قت هغاخْٓ  هغابه٘ت اقاـل عٌاذ هح٘طابث العٌ٘ات هٌاَ عٌاذ الوشكاـض, كاـوب ّاى ساحٌجابث   20ّ  15الضغـظ الحــــــشاسٕ لوـذة   

دقــ٘قت ٗولـك  هغبه٘ت أعلأ هاي ساحٌجابث  15الاكشٗل٘ك الببسدة الوخبلوشة داخل الوعبلج الوبئٖ ّ حـحج الضغـظ الحــــــشاسٕ لوـذة  

دقــ٘قت ببلشنن هي اعخخذام ًفظ الوعبلج, بٌ٘وـب أرِشث ساحٌجبث الاكشٗل٘ك الببسدة ّ الوخبلواشة  20ك الببسدة الوخبلوشة لوـذة  الاكشٗل٘

داخل الوعبلج الوبئٖ ّ حـحج الضغـظ الحــــــشاسٕ إًِاب حولاك اقال  ًغابت هغابه٘ت عاي ساحٌجابث الاكشٗل٘اك الوخبلواشة بصاْسة راح٘ات 

 ل٘ـكٖ.    ححج الضبنظ الِ٘ذسّ
 

ABSTRACT: 
 

 This study aimed at assessing the effect of two times curing by Ivomat  on the porosity of cold 

cured acrylic resin denture base at the center and the periphery of the specimens for (15) and (20) 

minutes, and comparing that with cold cured acrylic resin polymerized chemically on air (Control 

group). 30 samples specimens of (65 x 62 x 64 x 61 mm), with (3 mm) thickness according to 

(ADA specification No.12)
 
. There were 3 experimental groups, (n = 10 per group): G1) cold cure 

acrylic resin (chemical curing- 45 minutes) as a control group; G2) cold cure acrylic resin (Ivomat 

curing technique- 15 minutes); G3) cold cure acrylic resin (Ivomat curing technique- 20 minutes). 

The porosity test was assessed after specimens were completely  cured, finished and polished, and 

then immersed in black ink and the pores counted in a microscope. Generally the results revealed 

that the cold cure acrylic specimens which processed in Ivomate for (15) and (20) minutes 

introduced less porosity level in the periphery than that of the center, and the cold cure acrylic 

specimens which processed in Ivomate for (15 minutes) have porosity level more than cold cure 

acrylic which polymerized for (20 minutes) in spite of the same processing technique, while the cold 

cure acrylic specimens which processed in Ivomate showed less level of porosity than that cold cure 

acrylic polymerized chemically on air and under hydraulic press. 
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Introduction: Acrylic resin denture base is an indispensable  material in removable orthodontics 

and prosthodontics. Acrylic plastic have been the most widely used and accepted among all denture 

base materials and it was estimated that they represent 95% of the plastics in prosthodontics 
1, 2

.  

      The acrylic resins success as denture base and still remains the most popular choice are due to its 

excellent esthetic properties, adequate strength, low water absorption, low solubility, free from toxicity, 

can be easily repaired,  has the ability to reproduce accurately and retain indefinitely the details and 

dimensions of a pattern 
3, 4

, in addition it required simple processing equipment and relatively low cost 

of fabrication process 
5, 6

.  

      Initiation of polymerization of acrylic resin can be accomplished by heat activated, chemical, 

microwaves, and visible light activation. Acrylic dentures base resins and their curing processes have 

been modified not only to improve physical and mechanical properties but also to improve working 

properties 
7, 8

. Although, widely used as a denture base material, acrylic resin exhibits certain poor 

mechanical properties where fractures may occur both outside or inside the mouth
 2

. Denture base 

acrylic resin is subjected to many different types of stress, intra- orally, repeated masticatory force lead 

to fatigue phenomena, while extra- orally high impact forces may occur as a result of dropping the 

prosthesis 
9
. 

      The polymerization reaction of cold cure acrylic resin almost as soon as the powder and liquid are 

mixed and proceed more rapidly, through the various consistency stages than the heat activated type, 

hence, the chief problem with the cold cured resin is the short working time for adequate trial packing 
10

, so the degree of polymerization of cold cure acrylic resin is not as complete as that achieved by 

using heat cured system, this leads to higher degree of residual monomer 
1, 11 

. 

      One of the most important physical properties that can be noticeable in the acrylic resin denture 

base material is the porosity which is appear like voids, pores, or micro cracks that developed during 

the polymerization of the resin causing weakness in the final product, with a degrease in the values of  

their mechanical properties. Therefore the presence of porosity in the acrylic resin after curing process , 

and it is also found after many years of the use PMMA as a denture base material, porosity is 

apparently a complex phenomenon with  multifactor origin 
10 

. 

      Some authors concluded that the porosity may result from lack of homogenously in the dough or 

get at the time of polymerization would cause porosity in acrylic 
12

, and  insufficient pressure that 

distributed uniformly through out the material 
2
, while some of them showed that the minimizing and 

absence of porosity of the acrylic denture base resin will not be under normal circumstance 
13

, and heat 

generation is so great that it can boil unreacted monomers creating porosity in the final polymer; 

therefore steps must be taken to avoid this porosity 
12

. So this study was designed to evaluate the effect 

of two curing processing times for (15) and (20) minutes by Ivomat curing device on the porosity of 

cold cure acrylic resin material and also at both the periphery and the center of acrylic specimens 

samples. 

 

MATERIAL AND METHODS 

 

Metal pattern  
       Semi square stainless steel plate with dimensions of (65 x 62 x 64 x 61 mm), with (2.5± 0.5 mm) 

thickness according to (ADA specification No.12)
 14

 were constructed for porosity analysis to save time 

and effort. The pattern was included in metal flask, the lower half of each flask was completely filled 

with type III dental stone (Elite model, Italy) whose surface was flattened with 320 and 400μm silicon 

carbide paper discs (Germany) after the setting reaction.  
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Mixing and packing of acrylic 

     Pink cold cured acrylic resin ( Italy ) was used to fabricate the samples in this study, following the 

manufacturer’s instructions of powder/ liquid ratio by volume. the cold-cured acrylic was (2.5:1) by 

volume, and then left to reach the dough phase at room temperature (approximately 23°C). After filling 

the mold with the dough, the flasks were fitted and pressed together in a hydraulic bench press for (5) 

minutes before polymerization process. 

Curing of acrylic  

      Curing was carried out by placing the clamped flask in Ivomat curing device (Germany), Figure 

(1). This device was used when containing water under air pressure (4 bar) for (15) minutes once and 

(20) minutes for another at constant water temperature of (50 Cº) followed by complete cooling of the 

flask with tap water for (5) minutes before deflasking, While in case of chemically polymerized cold 

cure acrylic resin, flasks containing the acrylic resin dough were left in a bench under hydraulic press 

(Germany) for (45 minutes) at (23Cº ± 5Cº) under (60 PSI= 4bar) air pressure as a control group 
15

. 

The acrylic patterns were then removed from the mold. 

 

  

 

 

 

 

 

 

 

 

 

 

                              Figure (1): Ivomat curing device 

 

Finishing and polishing  

     All flashes of acrylic were removed with acrylic bur (Germany), to get a smooth surface , the stone 

bur (Germany) should be used followed by (120) grain size sand paper (Germany)  to remove any 

remaining small scratches with continuous water cooling. In order to prepare a specimen for optical 

microscopy, the specimens were reduced in thickness from both sides by grinding using carbide bur 

(Germany) with continuous water-cooling 
16

, then the surface were smoothed using silicone carbide grit 

paper 240 fallowed by grade 600 until a very thin section (0.4- 0.5mm) was obtained, then polished 

using pumice (USA) with rag wheel (China)to be examined clearly under optical microscope 
17

, after 

that (4) equal fields of (5mm
2
) from each specimen were made (3) of them at the periphery of the 

specimen and the last one at the center, then the   specimens were immersed in a solution of black ink 

(china) for 30 minutes, washed for 10 seconds, and dried with absorbent paper  
18, 19

.  

    The fields were observed under light microscope (Italy) in a magnification of (X10); the mean of 

pores for each specimen was calculated by dividing the total number of pores in all of the three 

periphery fields by the number of those fields  and comparison them with that pores located at the 

center 
9, 20, 21

. While polishing was accomplished by using bristle brush (china) and pumice (Italy) with 
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lathe polishing machine (Italy). A glossy surface was obtained with wool brush (Italy) and polishing 

soap (USA) on dental lathe using law speed of (1500 rpm) which not lead to distortion of the 

specimens. 

 

Statistical analysis 
    The suitable statistical methods were used in order to analyze and assess the results, they include the 

Descriptive statistics (mean, SD, SEM, minimum & maximum) and Inferential statistics (Analysis of 

variation ANOVA (f-test) and Least significant difference LSD (f-test)), tests were performed at a 

confidence level of 95% 
22

.    

 

Results 

   Porosity test results are shown in table 1, 2 and figure (2):  

     There were a significant difference in porosity value (P>0.01) when compared between the 

experimental groups of the present study. There was a decrease at the level of   porosity within the 

periphery of cold cure acrylic resin specimens that cured in Ivomat for (15) minutes (12. 80± 1.568) 

than that appear at the center of the same specimens (17.50± 2.718). While the porosity within the 

center of cold cure acrylic resin specimens that cured in Ivomat for (15) minutes showed less level in 

value than that appear at the center of the specimens which chemically cured under hydraulic press for 

(45) minutes (25.30± 1.889), and those in turn appeared to manifest high level value in porosity than 

those present at the periphery of the same specimens (14.27± 1.847). 

     Cold cure acrylic resin specimens that cured in Ivomat for (20) minutes showed lowest value in 

porosity level at the periphery (5.86± 1.322) than those clarified at the periphery of (15) minutes curing 

time (12.80± 1.568), and than that introduced at the periphery of chemically cured  cold cure acrylic 

under hydraulic press for (45) minutes (14.27±1.847), and also it was showed decrease in porosity 

value than that manifested in the center of acrylic specimens that cured at both (15 & 20)minutes 

[(17.50± 2.718), (10.60± 2.171)] respectively. Finally the porosity at the center of the specimens which 

chemically cured under hydraulic press for (45) minutes (25.30± 1.889) manifested highly level in 

porosity than that at the periphery of cold cure acrylic which cured for (20) minutes in Ivomat (5.86± 

1.322). 
 

Table (1): Mean distribution of porosity (%) test among studied groups. 
 

Studied groups N Mean SD S. 

Error 

Mini. Maxi. ANOVA 

P-

value 

Sig. 

 

Center 

(One reading) 

G1 10 25.30 1.889 0.597 22 28  

 

0.00
 

 

Highly 

Sig.(P<0.01) 
G2 10 17.50 2.718 0.860 13 21 
G3 10 10.60 2.171 0.686 8 15 

 

Average 

(three peripheral 

readings) 

G1 10 14.27 1.847 0.584 12.3 18 
G2 10 12.80 1.568 0.496 9.7 15.3 
G3 10 5.86 1.322 0.418 3.7 8.3
 

Total 60  

 

Average= (average of three peripheral readings in each sample for 10 specimens) 
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Table (2): Multi comparison for porosity (%) test among studied groups. 
 

Studied groups Comparison of Significant (LSD) 

P-value Sig. 

G1-Center G2-Center 0.00 Highly Sig.(P<0.01) 

G3-Center 0.00 Highly Sig.(P<0.01) 

G1--Average 0.00 Highly Sig.(P<0.01) 

G2-Center G3-Center 0.00 Highly Sig.(P<0.01) 

G2--Average 0.00 Highly Sig.(P<0.01) 

G3-Center G3--Average 0.00 Highly Sig.(P<0.01) 

G1--Average G2--Average 0.001 Highly Sig.(P<0.01) 

G3--Average 0.00 Highly Sig.(P<0.01) 

G2--Average G3--Average 0.00 Highly Sig.(P<0.01) 

 

Average= (average of three peripheral readings in each sample for 10 specimens) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

           

Figure (2): Mean distribution of porosity (%) test among studied groups. 
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Discussion 
        Generally all the specimens revealed more increase in porosity at the center than that at the 

periphery, this could be due to the direction of the polymerization in acrylic denture base material that 

processed via conventional techniques which begin from the surface toward the deeper part of resins, 

opposite that of the denture bases polymerized using microwave energy 
11, 23

. 

         Cold cure acrylic resin that cured chemically on air pressure of (4 bar ) under  hydraulic press for 

(45) minutes appear to have more percentage in porosity at the center and the periphery of specimens 

than that of cold cure acrylic which cured in Ivomat  for (15 minutes) under air pressure of (4 bar) and 

in water temperature of (50 °C) , these results may be due to the presence of water which with pressure 

in Ivomat curing device minimize the evaporation of monomer, and this result may agree with 
1, 11

, this 

may be due to the higher degree of residual monomer in chemically curing process and also the degree 

of polymerization of cold cure acrylic resin chemically is not as complete as that achieved by using 

heat cured system. 

      When Cold cure acrylic resin cured in Ivomat  in water temperature of (50 °C) and under pressure of 

(4 bar) for (20 minutes) clarifying less porosity percentage at the center and periphery of specimens 

than that present in cold cure acrylic which cured in Ivomat  for (15 minutes), this may revealed due to 

the increasing in the time of curing cycle inside the curing device with the presence of water and 

pressure, and less residual monomer is one of the advantages of Ivomate polymerization 
24

, while it was 

showed highly decrease in porosity than that cured chemically under pressure of (4 bar ) of  hydraulic 

press for (45) minutes. This perhaps agree with 
12, 25

,
 
 which stated respectively that the porosity can be 

prevented by controlling both the rate of heating, and pressure maintained on the specimen during 

polymerization, and with
 26

 which found that the choice of suitable polymerization time is important to 

reduce porosity to minimum level. While these results disagree with 
2
, 

 
which concluded that the 

porosity may resulting from insufficient pressure which distributed uniformly through out the material.  

Conclusion 
      Cold cure acrylic resin that cured chemically on air under pressure of (4 bar ) of hydraulic press for 

(45) minutes have more porosity percentage at the center of specimens than that appeared at the center 

and the periphery of cold cure acrylic which cured in Ivomat  for (15  & 20 minutes) under pressure of 

(4 bar) and in water temperature of (50 °C). While the cold cure acrylic resin which cured in Ivomat  

for ( 20 minutes) revealed less porosity percentage at the periphery than that showed at the center and 

the periphery of cold cure acrylic which cured in Ivomat for (15 minutes) and that cured chemically. 

Generally the cold cure acrylic resin which cured in Ivomat  for ( 20 minutes) manifested lesser 

porosity level at the periphery than the periphery  of that cured in Ivomat  for (15 minutes) at the same 

circumstances and than that polymerizes on air, and also have less porosity percentage at the center 

than that of the other experimental groups.   
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