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Abstract 

Objectives: Heat-polymerized acrylic resin has been the most commonly used denture base 

material for over 60 years. However, the mechanical strength of acrylic resin is not adequate 

for long-term clinical performance of dentures. Consequently, fracture is a common clinical 

occurrence, which often develops in the midline of the denture base. This study aimed to 

evaluate the efficacy of cold-cure and heat-cure acrylic resins, reinforced with glass fibers, 

polyethylene fibers, and metal wire for denture base repair. 

Materials and Methods: Ninety specimens were prepared and allocated to nine groups. 

Ten specimens were considered as controls, and 80 were divided into 8 experimental groups. 

In the experimental groups, the specimens were sectioned into two halves from the middle, 

and were then divided into two main groups: one group was repaired with heat cure acrylic 

resin, and the other with cold cure acrylic resin. Each group was divided into 4 subgroups: 

unreinforced, reinforced with glass fibers, polyethylene fibers, and metal wire. All speci-

mens were subjected to a 3-point bending test, and the flexural strength was calculated. 

Results: The group repaired with heat cure acrylic resin and reinforced with glass fiber 

showed the highest flexural strength; however, the group repaired with cold cure acrylic 

resin and reinforced with polyethylene fibers had the lowest flexural strength. There was no 

significant difference between the groups repaired with heat cure and cold cure acrylic resins 

without reinforcement. 

Conclusion: Repairing denture base with heat cure acrylic resin, reinforced with glass fibers 

increases the flexural strength of denture base. 
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INTRODUCTION 

Heat-polymerized acrylic resin has been the 

most commonly used denture base material for 

over 60 years. However, the mechanical 

strength of acrylic resin is not adequate for 

long-term clinical performance of dentures [1].  

Therefore, fracture is a common clinical occur-

rence, which is often seen in the midline of den-

ture base [2,3]. These fractures are often related 

to the poor fit of denture base, poorly balanced 

occlusion [4,5], problems in the design and 

manufacturing of the denture [4], low strength 
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of the repair material [4,5], as well as the inher-

ent stress on the denture base, which happens 

over time. 

In earlier studies, fracture rate was reported to 

be 64% [6] and 68 % [7]. These fractures may 

occur inside or outside the mouth due to expel-

ling the denture from the mouth while cough-

ing, or simply dropping it [2,5,8]. Other reasons 

could be excessive bite force, improper occlu-

sal plane, high frenal attachment, lack of bal-

anced occlusion, poor fit and poor quality of the 

denture base material [1]. Since fabrication of a 

new denture is time-consuming and costly for 

patients, denture repair is considered an alter-

native. Repaired dentures should have adequate 

strength, dimensional stability [4,5,8,9], and 

color match [4,5,8-11]; moreover, the repair 

should be easily and quickly performed 

[5,9,12], and must be affordable.  Amongst var-

ious methods proposed for repairing fractured 

denture bases, use of auto-polymerized acrylic 

resins, which generally allows a simple and 

quick repair, is considered the most popular 

method. Heat-polymerized materials have been 

proven to have superior mechanical properties, 

compared to auto-polymerized materials 

[4,13,14]. However, laboratory packing and 

flasking procedures are time-consuming and 

are associated with the risk of denture distortion 

by heat [2]. Consequently, autopolymerizing 

resin has gained more popularity due to its easy 

handling, saving chairside time, and not requir-

ing laboratory processing; moreover, the pa-

tient spends less time without denture during 

the repair process. In addition to the use of auto-

polymerized acrylic resin, effects of reinforce-

ment materials and surface treatment on the 

flexural strength of repaired dentures have been 

investigated in different studies [15-17]. 

 

 

 

 

 

 

The purpose of this study was to investigate the 

efficacy of two types of acrylic resins and three 

reinforcement materials for denture base repair. 

 

MATERIALS AND METHODS 

Materials used in this article are listed in Table 

1. In the current study, we aimed to evaluate the 

transverse strength and modulus of elasticity of 

repaired acrylic denture bases using a 3-point 

bending test; the results were compared with 

those of a heat-polymerized control group. For 

this purpose, a stainless steel mold with internal 

dimensions of 10.2×70.3×3.1 mm was fabri-

cated.  

Heat cure acrylic resin (Meliodent, Heraeus 

Kulzer, Germany) was mixed in accordance 

with the manufacturer's instructions, and placed 

in the prepared mold and packed in the flask. 

The flask was transferred to a spring clamp. 

Acrylic resin specimens were processed for 9 

hours in water bath, and kept at a constant tem-

perature of 165°F (73.5°C). Afterwards, 90 

acrylic samples were fabricated and the supe-

rior surfaces of acrylic samples were polished. 

All samples were stored in distilled water at 

37°C for 48 hours before the test, and the pre-

pared samples were randomly distributed into 9 

groups (C, HN, HG, HM, HP, CN, CG, CM, 

and CP).  

The prepared intact specimens were cut verti-

cally in half along their long axis (except for 10 

specimens, which were allocated to the control 

group, that is group HG) by a high-speed dia-

mond disk cutter under copious irrigation, until 

3mm space was created between the two 

pieces. After the treatment of fractured sur-

faces, the heat-polymerized strip haves were 

fixed to a metal mold to provide space for plac-

ing the repairing resin. 

 

 

 

 

 

 

 

Table 1. The materials used in this study 

 
Material Product Name Manufacturer 

Heat-polymerizing  acrylic resin Meliodent Heraeus Kulzer, Hanau, Germany 

Autopolymerizing  acrylic resin Meliodent Heraeus Kulzer, Hanau, Germany 

Woven glass fibers Ribbon Angelus, Brazil 

Woven metal wire S.S metal wire Dentaurum,Germany 

Woven polyethylene fibers Ribbon Angelus, Brazil 
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A groove with 36 mm length, 3 mm width, and 

2.1 mm depth was prepared on all samples for 

placing the reinforcing materials. After placing 

the reinforcing materials, samples were re-

paired with cold/heat cure resins and prepared 

for 3-point bending test.  

The specimens were repaired as follows: 

Group C: control group with no fracture, 

Group HN: repaired with heat cure acrylic resin 

with no reinforcement, 

Group HG: repaired with heat cure acrylic 

resin, and reinforced with glass fiber, 

Group HM: repaired with heat cure acrylic 

resin, and reinforced with metal wire (1 mm in 

diameter), 

Group HP: repaired with heat cure acrylic resin, 

and reinforced with polyethylene, 

Group CN: repaired with cold cure acrylic resin 

with no reinforcement, 

Group CG: repaired with cold cure acrylic 

resin, and reinforced with glass fiber,  

Group CM: repaired with cold cure acrylic 

resin and reinforced with metal wire (1 mm in 

diameter), and 

Group CP: repaired with cold cure acrylic resin 

and reinforced with polyethylene. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fibers in group HG and CG were placed verti-

cally along the groove alignment. The repaired 

specimens were prepared and subjected to ther-

mal cycling in water baths between 5°C and 

55°C with a 30-secound dwell time for 500 cy-

cles. Each specimen was subjected to 3-point 

bending test, using the universal testing ma-

chine (Zwick Roell, Germany) at a crosshead 

speed of 8 mm/min at 50mm distance (Fig. 1). 

In the experimental groups, the load was ap-

plied to the center of 2mm repaired area, and to 

the center in the control group. 

The materials used in this study included a 

heat-polymerized acrylic resin (Meliodent Heat 

Cure, Heraeus Kulzer, Germany) used as the 

base, an auto-polymerized acrylic resin  (Meli-

odent, Heraeus Kulzer, Germany) used as the 

repair material, and three reinforcement mate-

rials including woven stainless steel wire (1 

mm in diameter), glass fibers (Ribbon, Ange-

lus, Brazil) and woven polyethylene ribbon fi-

bers (Ribbon, Angelus, Brazil).   

 

Statistical Analysis 

The measured variables were coded and en-

tered into SPSS version 16. 

Fig. 1.  The schematic view of 3-point bending test  



Heidari et al.                                                                  Flexural Strength of Cold and Heat Cure Acrylic Resins … 

www.jdt.tums.ac.ir  May 2015; Vol. 12, No. 5                319 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

All data were statistically analyzed with one-

way and two-way ANOVA, and the differences 

among the groups were assessed using the 

Tukey’s test and Dunnett’s post-hoc test. P-val-

ues less than 0.05 were considered statistically 

significant. 

 

RESULTS 

The mean value of the flexural strength in the 

control group (no fracture) was 1.8±0.202 MPa. 

Group HG (repaired with heat-cured acrylic 

resin reinforced with glass fiber) and group CP 

(repaired with cold-cured acrylic resin rein-

forced with polyethylene) showed maximum 

(2.17±0.32 MPa) and minimum (0.55±0.15 

MPa) flexural strength values, respectively. 

The mean flexural strength and standard devia-

tion values were 1.7±0.474 MPa for group CM, 

1.51±0.303 MPa for group HN, 1.16±0.383 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

MPa for group HP, 1.11±0.244 MPa for group 

CG and 1.05±0.331MPa for group CN. Table 2 

shows the comparison of flexural strength of 

different groups based on the reinforcing mate-

rials used in each group.  

Fig. 2 shows the flexural strength in different 

groups. Analysis of one-way ANOVA fol-

lowed by Dunnett’s test showed a statistically 

significant difference between the control 

group and all the experimental groups except 

for the control group and group HN.  

Two-way ANOVA followed by Tukey’s test 

revealed significant differences between 

groups reinforced with different materials ex-

cept between the polyethylene and metal wire 

groups. 

The effect of reinforcement with various mate-

rials on the flexural strength is shown in Table 

3. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2.  The mean value of flexural strength in different groups 

 

Study groups Mean±SD (MPa) 

Group CM 1.7±0.474  

Group HN 1.51±0.303  

Group HP 1.16±0.383  

Group CG 1.11±0.244  

Group CN 1.05±0.331  

 

Table 2. The mean and standard deviation of the flexural strength of the groups 
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DISCUSSION 

In this study, the values of flexural strength of 

cold cure acrylic resin with no reinforcement 

(group CN) and cold cure acrylic resin with 

glass fiber reinforcement (group CG) were 

lower than that of the control group (with no 

fracture). Polyzois et al reported higher fracture 

strength in specimens repaired with cold cure 

acrylic resin without reinforcement and those 

reinforced with glass fiber (in comparison with 

the control group with no fracture) [12]. In our 

study, there was a difference between the con-

trol group and the group repaired with cold cure 

acrylic resin, reinforced with metal wire; how-

ever, according to Polyzois’s study, the 

strength of the specimens repaired with cold 

cure acryl resin reinforced with metal wire was 

more than that of the control group with no 

fracture [12]. Results of their study were in con-

trast to ours. In the current study, the flexural 

strength of the control group was greater than 

that of the groups repaired with cold cure 

acrylic resin, cold cure acrylic resin reinforced 

with fiber glass, and cold cure acrylic resin re-

inforced with metal wires, which is similar to 

the findings of Nagai’s study [19].  

In their study, glass fibers showed greater 

strength in comparison with metal fibers, alt-

hough both were stronger than the specimens 

repaired with cold cure acrylic resin only. How-

ever, in contrast to the mentioned study, in the 

current study, the strength created with glass fi-

bers was greater than that of metal wires. 

 

 

 

 

 

 

 

 

 

 

 

 

 

In both studies, the strength of repaired speci-

mens with glass fibers and metal wire was 

greater than that of cold cure acrylic resin with-

out reinforcement; however, Nagai also 

showed the greater strength of intact denture in 

comparison with the repaired denture [19]. In 

another study, Keyf et al revealed that the 

strength of repaired specimens was lower than 

that of the intact specimens [20]. 

In the current study, lower strength was rec-

orded for cold cure acrylic resin in comparison 

with heat cure acrylic resin. Studies by Leong 

and Grant, Berge, and Rached et al showed that 

dentures repaired with cold cure acrylic resin 

broke at the repaired site, which may be due to 

the lower strength of cold cure acrylic resin; 

these results confirm our findings [21-23].  

Lower strength of cold cure acrylic resin seems 

to be due to the insufficient polymerization pro-

cess [24].  

In the current study, the mean value of the flex-

ural strength of group HP was 56.8% of that of 

control specimens; this is generally lower than 

the results of previous studies, which used cold 

cure acrylic resin for repair of specimens with 

heat-polymerized resin. On the other hand, the 

reported values in similar studies were 60% to 

65%. For instance, in Berge’s study [22], the 

reduction of the strength of dentures repaired 

with cold cure acrylic resin compared to the 

controlled prototypes was reported to be 60%. 

Similarly, this value in a study conducted by 

Leong and Grant was reported to be 65%.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3. The effect of reinforcement with various materials based on the flexural strength of the samples in com-

parison with the control group 

 

Effect based on flexural strength Type of reinforcing 
                                                            Evaluation  
 

Comparison group 

increase Glass fibers *  

Heat-cure acrylic resin increase Metal wire  

decrease Polyethylene 

increase Glass fibers   

Cold-cure  acrylic resin increase Metal wire  

decrease Polyethylene** 

*: P=0.001 

**: P=0.022 
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In the current study, the flexural strength of 

group HN was 84% of the control group and 

75% of the value reported by Leong and Grant; 

in Stipho’s study, the recorded value was 80% 

[23,25]. 

As previously mentioned, there are other stud-

ies investigating the effect of surface treatment 

on flexural strength. For instance, Pereira et al 

[16] evaluated the effect of abrasion of fracture 

surfaces with silicon carbide abrasive papers 

and/or wetting them with methyl methacrylate.  

According to their study, the flexural strength 

of samples wetted with methyl methacrylate 

was greater than other groups, except for the 

control group. In another study, Thunyakitpisal 

et al [15] evaluated the effect of methyl meth-

acrylate, methyl formate, methyl acetate, a mix-

ture of methyl formate-methyl acetate and Re-

base II adhesive on repaired specimens. They 

concluded that treating surfaces with methyl 

formate, methyl acetate, and a mixture of me-

thyl formate-methyl acetate solutions signifi-

cantly enhanced the flexural strength of heat-

polymerized acrylic denture base resin repaired 

with auto-polymerized acrylic resin. 

Although several studies including the present 

one have reported higher strength of denture 

base repaired with heat-polymerized acrylic 

resin, use of heat cure acrylic resin is less com-

mon due to different factors such as the neces-

sity to use a mold (custom split cast gypsum 

mold), longer polymerization time, higher la-

boratory costs and patients requiring dentures 

at a sooner time.  

On the other hand, repairing denture base with 

cold cure acrylic resin is faster, easier and more 

practical [18].  

In order to enhance the mechanical properties 

and flexibility of denture base, metal wires and 

various fibers such as glass fibers can be used. 

It has been indicated that glass fibers signifi-

cantly increase the strength of dentures. In this 

study, glass fibers, metal wires and polyeth-

ylene fibers were used to strengthen the re-

paired dentures [25]. 

Compared with the control group, the highest 

flexural strength was observed in the group re-

paired with heat cure acrylic resin, reinforced 

with glass fibers; the difference was statisti-

cally significant. Stipho and Talic also showed 

that incorporation of glass fibers into polyme-

thyl methacrylate increased the strength of 

acrylic resin [25].  

Polyzois et al showed that incorporation of 

metal wire into acrylic resin increased the frac-

ture and flexural strengths. He reported that 

metal wire incorporation plays an important 

role in improving the mechanical properties of 

acrylic resin [5]. In a different study, Polyzois 

et al suggested the use of metal wire to 

strengthen the repaired bases [12]; while an in-

vestigation by Minami et al showed increased 

strength of denture base with the use of metal 

wires (stainless steel or Co-Cr-Ni wire) [26]. 

The strength of restorative materials for repair-

ing denture base can be measured using trans-

verse, shear and twisting strength tests. Today, 

transverse strength test is more common, and 

can be performed with 3- or 4-point loading.  

The difference between these two types is in 

their maximum flex point. Four-point loading 

technique is more favorable due to its better 

quality control and correspondence with stand-

ards; however, its validity for repaired denture 

base is doubtful, since the stress distribution 

pattern at the interface of base and repairing 

material is not known [18,27]. 

 

CONCLUSION 

The present study showed that there was no sig-

nificant difference between the groups repaired 

with heat cure and cold cure acrylic resins with-

out reinforcement. Moreover, our findings re-

vealed that repairing denture base with heat 

cure acrylic resin, reinforced with glass fibers 

increased the flexural strength of denture base.  

Finally, among materials used in this study, re-

pairing the denture base with heat cure acrylic 

resin reinforced with glass fibers showed the 

greatest flexural strength. 
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