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Abstract: 

Introduction: Autopolymerizing resin is inferior to heat cured acrylic resin from stand point of strength and degree of 

polymerization, so a method that effectively increases the strength of autopolymerizing resin is desirable. 

Purpose: This study examined the effect of curing environment, air or water and water temperature during polymerization on 

the mechanical properties of autopolymerizing resin. 

Materials and Methods: A total of 70 specimens were prepared in this study for the transverse test (3-point flexural test) 

.After mixing autopolymerizing resin for 10 seconds, it was placed in stainless steel mold (2 x 2 x 25 mm). One minute and 

50 seconds after the start of mixing, the mold containing resin was placed under the following conditions: 290C air (Room 

temperature, group B), or in water at 100C(group A), 290C(group C), 600C(group D), 650C(group E) ,700C(group F), 

800C(group F) . Eight minutes after the start of the mixing, the resin specimen was removed and the transverse test (3-point 

flexural test) was carried out. Comparison of transverse strength and transverse modulus were made with analysis of 

variance and Post Hoc Test (Tukey’s HSD test). 

Results: The results were statistically analyzed using one way ANOVA and Post Hoc Test. Alterations of conditions during 

polymerization revealed a significant effect on both the transverse strength and modulus of the resin (p<0.001). Both 

transverse strength and transverse modulus increased with an increase in water temperature. Resin specimen at 700C(group 

F) showed highest transverse strength and modulus. 

Conclusion: It can be concluded that increasing water temperature during polymerization will improve mechanical properties 

of autopolymerizing resin. 

Keywords:Autopolymerizing resin, Transverse strength, Transverse Modulus. 

 

Introduction: 

Provisional restoration is an important step during 

various stages of Prosthodontics treatment. Besides 

the immediate protective, functional, and stabilizing 

value, interim restorations are useful for diagnostic 

purposes where the functional, occlusal and esthetic 

parameters are developed to identify an optimum 

treatment outcome before the completion of 

definitive procedures. A provisional fixed restoration 

will be helpful for evaluating the potential 

consequences from an alteration in the vertical 

dimension of occlusion. 

Temporary or provisional restorations are often 

neglected in Fixed Prosthodontics as sufficient 

time is not allowed for the fabrication of the 

restoration.
1
A   provisional   restoration   should   
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meet   the   following requirements like; pulpal 

protection, positional stability, occlusal function, 

easily   cleaned; non-impinging margins, strength, 

retention and esthetics.
2
Autopolymerizing 

acrylic resin is the most commonly used 

biomaterial for provisional restorations. The   

provisional   fixed   partial   dentures   are   subjected   

to various compressive, tensile and shear stresses 

during function. Regardless of its undoubtedly 

excellent qualities and properties as a provisional 

restorative material, polymethyl methacrylate 

acrylic resin has exhibited a high incidence of 

fracture as a result of flexural fatigue failure. 

Breakage of provisional restoration may lead to 

the loss of occlusion; periodontal health and a 

change of inter abutment relationship. An 

understanding of mechanical properties of these 

materials is important in determining whether the 

restoration will be able to survive repeated 

functional forces. Transverse strength and 

transverse modulus are two mechanical properties 

that have been used as possible predictors of the 

ability of materials to function in the oral 

environment. Flexural strength also known as 

transverse strength, is measurement of the strength 

of bar (supported at each end) under a static load. 

The  flexural  strength  of  provisional  material  is  

important particularly when the patient uses the 

provisional restoration for an extended  period or 

when the  patient  exhibits  parafunctionalhabits. 

Several techniques have been proposed to increase 

the strength and life of provisional restorations. They 

can be reinforced with a metal framework, stainless 

steel wire or polyethylene or carbon graphite fibers. 

Thus breakage is still a potential problem of 

provisional restorations, especially when long 

term or long span provisional restorations are 

required. A method that effectively increases the 

strength of the provisional restorative material is 

desirable. Therefore in-vitro investigation must 

include methods for measuring these changes. 

The aim of this study was to examine the effect of 

curing environment, air or water and water 

temperature during polymerization on the 

mechanical properties of autopolymerizing resin. 

The Objectives of this study are: 

1. To evaluate and compare transverse 

strength of autopolymerizing resin 

specimens cured in air at 29
0
C (room 

temperature), in water at 29
0
C (room 

temperature), and in water at 10
0
C, 60

0
C, 

65
0
C, 70

0
C, 80

0
C. 

2. To evaluate and compare transverse 

modulus of autopolymerizing resin 

specimens cured in air at 290C (room 

temperature), in water at 29
0
C (room 

temperature), and in water at 10
0
C, 60

0
C, 

650C, 700C, 800C. 

Materials and Method: 

To measure the strength of autopolymerizing resin, a 

total of 70 specimens were prepared which were 

divided in to 7 groups of 10 specimens each: 10
0
C 

in water(group A), 29
0
C in air (group B),29

0
C in 

water (group C), 60
0
C in water (group D), 65

0
C in 

water (group E) ,70
0
C in water (group F), 80

0
C in 

water (group F). All the samples prepared were of 

specific dimensions i.e. 25 mm in length, 2 mm 

in width and 2 mm in thickness according to 

ADA Specification No. 27 as a measure for 

standardization.  

The   time   schedule   was   designed   to   simulate   a   

direct technique commonly used in fabricating 

provisional crowns, i.e., test resinous materials 

were left at room temperature for 1 min and 50 

seconds after 10 seconds of mixing, assuming 

working time on the abutment tooth or teeth. It was 

then placed in air at 29
0
C (Room temperature), or in 

water at 10
0
C, 29

0
C, 60

0
C, 65

0
C, 70

0
C and 80

0
C 

until the completion of polymerization. 

The test material used was autopolymerizing methyl 
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methacrylate resin (Tempron - Temporary Crown 

and Bridge Resin - GC Corporation, Tokyo, Japan) 

supplied in powder and liquid form. The ratio of 

liquid to powder used was 2 gm of powder to 1 ml of 

liquid, as per manufacturer’s direction. One minute 

and 50 seconds after mixing began; the 

mouldcontaining the resin was placed under the 

following conditions: in air at 29
0
C, or in water 

at10
0
C, 29

0
C, 60

0
C, 65

0
C, 70

0
C and 80

0
C. Six 

minutes after commencement of mixing, the mold 

was removed from the water bath. The resin 

specimen was retrieved carefully from the mould.  

After removing the excessive resin using a 600 grit 

wet dry abrasive paper held on a flat surface i.e., 

glass slab, dimensional measurements of the 

specimen were performed for calculation of 

transverse strength and transverse modulus. 

Mechanical properties of the test resin were assessed 

by transverse strength and transverse modulus 

analysis. Eight minutes after the start of the mixing, 

the transverse test (3-point flexural test) was 

carried out at a crosshead speed of 1 mm/min 

using a testing machine (Instron 5982, Instron 

Industrial products, Liberty Street, PA, U.S.A.) at 

room temperature (29
0
C). 

Transverse strength (δ) and Transverse 

modulus (E) were expressed by the equation: 

(δ)= 3 x 20 L / 2 w t2 

E = 20 x 3 S / 4 x 3 w t 

Respectively,Maximum load (L), Width (w), 

Thickness (t), Slope of the initial load-displacement 

curve (S).  

Ten specimens were tested under each polymerizing 

conditions. The differences in the transverse 

strength and transverse modulus among the 

polymerizing conditions were compared using 

One-way Analysis of variance (ANOVA) at a 

significance level of 5%. For the ANOVA test; a p-

value <0.001 was considered as statistically 

significant. Next, The Post Hoc Test (Tukey’s HSD 

test) was used for multiple comparisons testing. For 

the Tukey’s HSD test; p-value <0.05 was 

considered as statistically significant. The data 

analyses and re-coding were carried out using the 

Statistical Package for Social Sciences (SPSS) 

version 17. 

Observation and Result: 

Results   revealed   that   the   alteration   of   

polymerization conditions had significant effect 

on the transverse strength and transverse modulus 

of the resin (p<0.0001).Transverse strength 

increased with increasing temperature.Specimens 

cured at 10
0
C in water showed less transverse 

strength compared to specimens cured in water at 

room temperature. Specimens cured in water at the 

temperature above the room temperature showed 

increase in transverse strength with the highest 

transverse strength at 700C. The transverse strength 

at 70
0
C in water (69.73 MPa) was approximately 

1.28 times more than the transverse strength of 

specimens cured at room temperature in water 

(54.40 MPa) and 1.3 times more than the transverse 

strength of specimens cured at room temperature in 

air (53.53 MPa). Increasing the temperature above 

70
0
C in water did not show any increase in 

transverse strength, but it was still more than the 

transverse strength found at room temperature 

water or air. 

The transverse modulus also varied with 

polymerizing conditions (p<0.001) The transverse 

modulus increased with increasing water 

temperature.Specimens cured at 10
0
C in water 

showed slightly less transverse modulus compared 

to specimens cured in air at room temperature. 

Transverse modulus at 70
0
C (1937.47 MPa) in 

water was approximately 1.35 times more than the 

transverse modulus of specimens cured at room 

temperature in water (1434.52  MPa) and 1.35 

times more than the transverse modulus of 

specimens cured at room temperature air (1430.68 
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MPa). Specimens cured in water at temperature 

above the room temperature showed increase in 

transverse modulus, with the highest modulus 

found at 70
0
C. Increasing temperature above 70

0
C 

in water did not show any increase in transverse 

modulus. 

The Tukey test revealed significant difference 

between the transverse strength of Group A to 

various group (P<0.05).The Tukey test indicated 

no significant difference between Group B (29
0
C in 

Air) and Group C (29
0
C in Water) (P>0.05). 

When Group F (70
0
C in water - highest 

transverse strength) was compared with various 

groups, the increase in transverse strength was 

statistically significant (p<0.05). 

The Tukey test revealed significant difference 

between the transverse modulus of Group A to 

various group. (P<0.05). The Tukey test indicated 

no significant difference between Group B (29
0
C in 

Air) and Group C (29
0
C in Water) (P>0.05). 

When Group F (70
0
C in water - highest 

transverse modulus) was compared with various 

groups, the   increase   in   transverse   strength   was 

statistically significant (p<0.05). 

Discussion: 

The provisional fixed partial dentures are subjected 

to various compressive, tensile and shear stresses 

during function, which can result in fracture of the 

restorations. This is because of their drawbacks in 

the form of low impact resistance and fatigue 

failure. So one of the main requirement for acrylic 

is strength. Mechanical properties of provisional 

restorations were assessed by transverse strength 

and transverse modulus.  

The transverse strength, also known as flexural 

strength, is a measurement of the strength of a bar 

(supported at each end). The flexural strength is a 

combination of tensile and compressive strength 

tests and includes elements of proportional limit 

and elastic modulus measurement.
3
 

Most resins used for provisional 

restorations are brittle.4 Repairing and replacing 

fractured provisional restorations is a concern for 

both clinician and patient because of additional cost 

and time associated with these 

complications.
5
Failure often occurs suddenly and 

probably as a result of a crack propagating from a 

surface flaw. The strength and serviceability of any 

acrylic resin, especially in long span interim 

restorations, is determined by the material’s 

resistance to crack propagation. Crack propagation 

and fracture failure may occur with these materials 

because of inadequate transverse strength, impact 

strength, or fatigue resistance.Reinforcing 

frameworks reduce flexure, increase retention, and 

increase structural integrity. Attempts have been 

made to strengthen acrylic resin materials by 

reinforcement with either chemical modification 

with grafted co-polymers and stronger cross 

linkage or by inclusion of various organic and 

inorganic reinforcing fibers. Materials used for 

fiber reinforcement have included metal, glass, 

carbon graphite, sapphire, Kevlar, polyester, and 

rigid polyethylene. Most of these materials have 

had little or no success in increasing resin strength.
6
 

Inclusion of metal fibers resulted in poor esthetics, 

and these should be used only in locations where 

esthetics is least important. Polyethylene fibers are 

more esthetic, but the process of etching may not 

be practical in the dental office. Whisker fibers and 

similar materials appear to have the greatest 

potential in strengthening PMMA for esthetic 

provisional restorations. Untreated fibers act as 

inclusion bodies in the acrylic resin mixtures and 

instead of strengthening, actually weaken the resin. 

Most of these materials have had little or no 

success in increasing resin strength. 

Some investigators have attempted to increase the 

fracture strength of the materials by decreasing the 

size and number of the internal porosities through 
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pressure curing. Increase in fracture strength was 

noted with this method, but not to a significant 

degree.The most important determinant of resin 

strength is the degree of polymerization by the 

material. Heat activates the chemical reaction 

between the monomer and polymer components of 

the resin and produce more complete 

polymerization. Placing the provisional resin 

restorations in hot water is an accepted procedure 

and, often, is recommended in the manufacturer’s 

directions. Specific water temperature that hastens 

polymerization has not been defined. 

This study demonstrated that the strength of 

autopolymerizing resin is influenced by different 

polymerizing conditions during 

polymerization.Specimen cured at 10
0
C in water 

(42.82 MPa) showed the least transverse strength. 

This may be due to delayed resin polymerization. 

The significant reduction of transverse strength in 

specimens polymerized in water at 10
0
C might be 

due to high water sorption in specimens 

polymerized at this temperature. Thus, increasing 

the distance between the molecular chains, which 

may lower the transverse strength. This is in 

agreement with Davenport(1972).
7
Other 

explanation could be related to the presence of 

porosity in specimens cured at this temperature. 

This agreed with Davenport(1972)7
; and El-

Hadary,Drummond.(2008).
8
Berg and Gjerdet 

(2008)
9
 who found that if porosity reaches the 

surface the transverse strength will be lowered, also 

may be related to the presence of higher residual 

monomer resulted from lower temperature of 

polymerization which acts as plasticizer which may 

be responsible for lowering the transverse strength. 

This explanation agreed with Lamb et al., (2006).
10

 

Specimens cured in water at the 

temperatures above the room temperature showed 

increase in transverse strength with the highest 

transverse strength at 70
0
C.The transverse strength 

at 70
0
C in water (69.73 MPa) was approximately 

1.28 times more than the transverse strength of 

specimens cured at room temperature in water 

(54.40 MPa) and 1.3 times more than the transverse 

strength of specimens cured at room temperature in 

air (53.53 MPa). The significant increase in 

transverse strength of specimens polymerized 

above room temperature related to the high 

molecular weight and long polymer chain length 

from more complete polymerization at elevated 

temperature. This explanation is agreed with work 

done by Ray (1998).
11

Increasing the temperature 

above 70
0
C of water did not show any increase in 

transverse strength, but still it was more than the 

transverse strength found at room temperature in 

water or air.This is because, heat activates chemical 

reaction between the monomer and the polymer 

components and at 700C it allows maximum 

utilization of monomer and nearly complete 

polymerization. Increased transverse strength likely 

indicates a greater resistance to fracture of the 

resin. 

Specimen cured at 10
0
C in water (1147.97 

MPa) showed the least transverse modulus. 

Specimen cured in water at 10
0
C (1147.97 MPa) 

showed less transverse modulus compared to 

specimens cured in water at room temperature 

(1434.52 MPa) and in air at room temperature 

(1430.68 MPa).Specimens cured in water at the 

temperature above the room temperature showed 

increase in transverse modulus, with the highest 

modulus found at 70
0
C.Transverse modulus at 

70
0
C (1937.47 MPa) in water was approximately 

1.35 times more than the transverse modulus of 

specimens cured at room temperature in water 

(1434.52 MPa) and 1.35 times more than the 

transverse modulus of specimens cured at room 

temperature air (1430.68 MPa). 

This mechanism can be explained on the 

same basis as it was for transverse strength i.e., 
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increasing temperature up to 70
0
C increases the 

transverse modulus because of more utilization of 

monomer and nearly complete polymerization. 

Increasing temperature above 70
0
 C in water did 

not show any increase in transverse modulus but 

still found to be more than the transverse strength 

found at room temperature in water or air. 

Transverse modulus corresponds to 

stiffness; therefore increased transverse modulus 

indicates increased resistance to the flexure. The 

amount of flexure may be important when long-

span bridges, cantilevered bridges, or complete 

arch fixed partial provisionals are given. Too much 

flexure allows distortion of the restoration during 

occluding, resulting in discomfort during biting and 

chewing. 

As the present data has demonstrated, 

transverse modulus increased proportionally with 

an increase in polymerization temperature. By 

using hot water during polymerization, the stiffness 

of the provisional restoration will be increased and 

the discrepancy between provisional and final 

restorations felt by the patients during biting and 

chewing may be reduced.Studies by Takahiro 

Ogawa, Mutsuko Tanaka and Kiyoshi Koyano 

(2000)
12

 showed that transverse strength and 

transverse modulus both increased with increase in 

water temperature. Water temperature of 600C to 

80
0
C produced 2 times greater transverse strength 

and modulus or resin compared with 

polymerization in 230C in air. Results of the study 

were almost similar to the results obtained in this 

study. 

Use of temperature above room 

temperature may result in poor marginal 

adaptation. This may be the limitation of this 

technique. From this point of view, some clinicians 

may be hesitant to place the resin in hot water 

during polymerization. In clinical situation, 

because polymerization shrinkage of the resin is 

still unavoidable to some extent, it is usual to 

readjust and reline a provisional restoration a few 

times until an acceptable marginal fit is 

obtained.This study may create new questions like, 

how better is the strength improved by this 

technique compared to other methods of 

strengthening provisional restorations. In case of 

long term use of provisionals, does the strength 

achieved by this method remain constant or 

changes after many days, in the oral environment is 

yet to be known.Regardless of direct or indirect 

technique in fabricating provisional restorations use 

of hot water provides dentist most economical 

method to obtain improved mechanical properties 

of provisional restorations, decreases the pulpal 

irritation due to reduced monomer content, reduces 

the discrepancy between provisional and the final 

restoration felt by the patient during biting, also 

reduces chair time, and extends their clinical 

performance. 

On the basis of the present data regarding 

mechanical properties of the resin and prior studies 

indicating resin polymerization shrinkage, placing 

provisional restoration in hot water of 70
0
C is 

recommended for the following situations: 

1. When fabricating a provisional crown, hot water 

should be used to reinforce the outer surface of the 

crown. The inner surface or margin should be 

readjusted or relined without placing the resin in 

hot water; and 

2. When fabricating a provisional fixed partial 

denture, the abutments should be first connected by 

a small amount of resin to maintain their alignment. 

More resin can then be applied and polymerized in 

hot water to increase the strength of the bridge. 

 

Conclusions: 

In this study it is proved that transverse strength of 

acrylic resin is improved by increasing the 

temperature up to 70
0
C in water during 
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polymerization. Therefore, when provisional 

restorations require more strength and long-lasting 

clinical performance, it is recommended that they 

may be placed in water at 70
0
C during 

polymerization.Using hot water during 

polymerization may be useful to improve 

mechanical properties and clinical perfomances. 

With the limitations of the laboratory testing 

conditions of this study, the following conclusions 

are drawn: 

1. Polymerizing the resin in hot water greatly 

increased its transverse strength. 

Specimens cured in water at the 

temperatures above 29
0
C (room 

temperature) showed increase in 

transverse strength with the highest 

transverse strength at 70
0
C. The transverse 

strength of specimens cured at 700C in 

water was approximately 1.28 times more 

than that of specimens cured in water at 

29
0
C (room temperature) and 1.30 times 

more than that of specimens cured in air at 

29
0
C room temperature. Polymerizing the 

resin in cold water (at 10
0
C) produced 

least transverse strength. Increase in 

temperature above 70
0
C water conditions 

did not show any increase in transverse 

strength, but still found to be more than 

the specimens cured in water and in air at 

room temperature. There was no 

significant difference in transverse 

strength between the resin specimen cured 

in water and in air at 29
0
C (room 

temperature) (p>0.05). 

2. Polymerizing the resin in hot water greatly 

increased its transverse modulus. 

Specimens cured in water at the 

temperatures above 29
0
C (room 

temperature) showed increase in 

transverse modulus with the highest 

transverse strength at 70
0
C. The transverse 

modulus of specimens cured at 70
0
C in 

water was approximately 1.35 times more 

than that of specimens cured in water at 

29
0
C (room temperature) and 1.35 times 

more than that of specimens cured in air at 

290C (room temperature). Polymerizing 

the resin in cold water (at 10
0
C) produced 

least modulus. Increase in temperature 

above 70
0
C water conditions did not show 

any increase in transverse modulus, but 

still found to be more than the specimens 

cured in water and in air at room 

temperature. There was no significant 

difference in transverse modulus between 

the resin specimen cured in water and in 

air at 290C (room temperature) (p>0.05). 
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Sum of 

Squares 
df 

Mean 

Square 
F 

ANOVA p 

Value 

 

Transverse 

strength 

Between 

Groups 
4294.314 6 715.719 30.885 

 

 

<0.0001 

 

 

Within Groups 1459.964 63 23.174 
 

Total 5754.278 69 
  

Table No.1 One way ANNOVA test revealed that increased temperature influenced the transverse strength 

(P<0.001). 

 

 

Sum of 

Squares 
df 

Mean 

Square 
F 

ANOVA p 

Value 

Transverse 

Modulus 

Between 

Groups 
3689571.192 6 614928.532 

 

 

19.107 

 

 

<0.001 Within Groups 2027563.239 63 32183.543 

Total 5717134.431 69 
 

Table No.2 One way ANNOVA test revealed that increased temperature influenced the transverse modulus 

(P<0.001) 

 

GROUP GROUP Mean Difference Std. Error P VALUE 

95% Confidence Interval 

Lower Bound Upper Bound 

A B -10.72 2.153 <0.0001 -17.27 -4.16 

A C -11.59 2.153 <0.0001 -18.14 -5.03 

A D -13.18 2.153 <0.0001 -19.74 -6.63 

A E -16.23 2.153 <0.0001 -22.79 -9.68 

A F -26.91 2.153 <0.0001 -33.47 -20.36 

A G -20.68 2.153 <0.0001 -27.24 -14.13 

B C -0.87 2.153 1.000 -7.43 5.68 

B D -2.47 2.153 .911 -9.02 4.09 

B E -5.52 2.153 .155 -12.07 1.04 

B F -16.20 2.153 <0.0001 -22.75 -9.64 

B G -9.97 2.153 <0.0001 -16.52 -3.41 

C D -1.60 2.153 .989 -8.15 4.96 

C E -4.65 2.153 .333 -11.20 1.91 

C F -15.33 2.153 <0.0001 -21.88 -8.77 

C G -9.09 2.153 .001 -15.65 -2.54 

D E -3.05 2.153 .791 -9.61 3.51 

D F -13.73 2.153 <0.0001 -20.29 -7.17 

15 
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D G -7.50 2.153 .015 -14.05 -0.94 

E F -10.68 2.153 <0.0001 -17.24 -4.12 

E G -4.45 2.153 .385 -11.00 2.11 

F G 6.23 2.153 .073 -.32 12.79 

Table No. 3 shows the p value to compare transverse strength between groups 

 

GROUP GROUP Mean Difference Std. Error P VALUE 

95% Confidence Interval 

Lower Bound Upper Bound 

A B -282.71 80.229 .013 -527.05 -38.36 

A C -286.55 80.229 .012 -530.89 -42.20 

A D -383.67 80.229 <0.0001 -628.02 -139.32 

A E -385.64 80.229 <0.0001 -629.99 -141.29 

A F -789.50 80.229 <0.0001 -1033.85 -545.15 

A G -577.27 80.229 <0.0001 -821.62 -332.93 

B C -3.84 80.229 1.000 -248.19 240.51 

B D -100.96 80.229 .868 -345.31 143.38 

B E -102.93 80.229 .857 -347.28 141.41 

B F -506.79 80.229 <0.0001 -751.14 -262.45 

B G -294.57 80.229 .009 -538.91 -50.22 

C D -97.12 80.229 .887 -341.47 147.22 

C E -99.09 80.229 .878 -343.44 145.25 

C F -502.95 80.229 <0.0001 -747.30 -258.61 

C G -290.73 80.229 .010 -535.07 -46.38 

D E -1.97 80.229 1.000 -246.32 242.37 

D F -405.83 80.229 <0.0001 -650.18 -161.48 

D G -193.60 80.229 .210 -437.95 50.74 

E F -403.86 80.229 <0.0001 -648.20 -159.51 

E G -191.63 80.229 .221 -435.98 52.71 

F G 212.23 80.229 .130 -32.12 456.57 

Table No. 4 shows the p value to compare transverse modulus between groups 

 

 

16 
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Graph No.1 Mean value of Transverse Strength (MPa) of Acrylic Specimens Cured in Air or Water at various 

temperatures 

 

Graph No.2 Mean value of Transverse Modulus (MPa) of Acrylic Specimens Cured in Air or Water at various 

temperatures 
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