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ABSTRACT 
 

Background: Today the acrylic resin, namely polymethyl methacrylate (PMMA), occupies a 

prominent place in the spectrum of denture base materials. PMMA as a denture base material is 

not ideal in many aspects. The primary problem is its poor strength characteristics, including low 

impact and flexural strength.  

Aim and Objectives: The purpose of this study was to evaluate the flexural strength of heat cure 

denture base resin reinforced with 3 different fibers. Objectives were to evaluate the flexural 

strength of heat cure denture base resin reinforced with glass fibers, to evaluate the flexural 

strength of heat cure denture base resin reinforced with nylon fibers, to evaluate the flexural 

strength of heat cure denture base resin reinforced with polypropylene fibers, to compare the 

flexural strength of heat cure denture base resin reinforced in all three groups and to compare the 

flexural strength of unreinforced group with other three groups. 

Materials and Methods: A total of 80 specimens of similar dimensions were prepared for each 

of the three experimental groups including control group (20 each). Group A was control group, 

Group B was reinforced with glass fibers, Group C was reinforced with nylon fibers and Group 

D was reinforced with polypropylene fibers. FS was evaluated with a three point bending test. 

The results were analyzed with a one way analysis of variance.  

Results: All reinforced specimens showed better FS than the conventional acrylic resin. 

Specimens reinforced with glass fibers showed the highest FS, followed by nylon fibers. 
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Conclusion: Within the limitations of this study, the FS of heat polymerized PMMA denture 

resin was improved after reinforcement with glass fibers and nylon fibers. 

 

Keywords: Polyvinylsiloxane, Polypropylene Fibers, Nylon Fibers, Glass Fibers, Bronze 

 

Introduction 

 

Loss of tooth material is a common phenomenon which is most significant among geriatric 

population. Owing to the advances with continuous improvements in medical domain, rapid 

increase in specialization and treatment modalities are observed in practice. So, it is realized that 

these improvements prolonged the life span of the human and drastically increased the life 

expectancy of elderly people within past few decades.
1,2,3,4

 Denture base material plays an 

important role in the construction of complete denture and removable partial denture prosthesis. 

Although the metallic denture bases are successfully tried in the field of prosthodontics, the resin 

denture bases still hold an appreciable place with favorable mechanical and physical properties 

in the construction of removable prosthesis.
5-8

 Several materials have been tried as denture base 

which includes wood, swaged metal, plastic, vulcanite, bakelite etc. Due to the combination of 

qualities, rather than the mechanical properties, heat cure denture base material is still widely 

used for dental applications. Earlier studies reported that the mechanical properties of the heat 

cure denture base resin is poor compared to other dental materials.
9-12

 So, different ways were 

used by researchers to investigate and improve the mechanical properties such as performing 

some chemical modification to heat cure denture base resin, and making heat cure denture base 

resin based composite with proper reinforcement process. The role of heat cure denture base 

resin as a main component in making denture base was very wide in dentistry for long period of 

times. So, these types of denture base materials and their fracture and crack behavior were 

investigated by researchers for clinical use. Researcher used polyethylene, carbon- graphite and 

glass for fiber reinforcement in order to obtain the mechanical properties which can be used in 

dental, aeronautical, civil and automotive industry.
13-15

 Recently because of the ability to 

aesthetically shape, and bond with dental polymers, glass fibers are widely used in dentistry. 

Therefore, this study was conducted to comparatively evaluate the flexural strength of heat cure 

denture base resin reinforced with three different fibers. 

 

Materials and Methods 

This study was conducted in Department of Prosthodontics at Rama Dental College, Hospital 

and Research Centre and Indian Institute of Technology, Kanpur, UP. It aimed to compare and 

evaluate the flexural strength of heat cure denture base resin reinforced with glass fibers, heat 

cure denture base resin reinforced with  nylon fibers, heat cure denture base resin reinforced with 

polypropylene fibers, heat cure denture base resin reinforced in all three groups and unreinforced 

group with other three groups. The study protocol was presented to institutional ethical 

committee for approval. Following approval (No. 2020-21/046), the study was initiated to 
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achieve the desired goals. Standard bronze metal die was machined as per standard dimension of 

3.0mm X 10mm X 65mm (width X thickness X length). This die was used to make the test 

samples to investigate the flexural strength of heat activated resins. The die was used to make 

mold in polyvinylsiloxane putty in which the wax patterns were fabricated later. The die was 

prepared with the dimensional recommendations.
.
Polyvinylsiloxane was used to create a mold 

space for wax pattern fabrication. The rectangular die made by the Bronze material was placed 

onto this duplicating material to make the impression of die. The acrylic resin samples were 

prepared with the recommended ratio through wax patterns. Group A) Heat cure denture base 

resin (unreinforced) or control groups specimens 20, Group B) Heat cure denture base resin 

reinforced with glass fibers specimens   20, Group C) Heat cure denture base resin reinforced 

with nylon fibers specimens 20, Group D) Heat cure denture base resin reinforced with 

polypropylene fibers specimens 20, No. of samples per group – 20, Total no. of samples – 80.  

The control group test specimens were made with conventional heat-polymerized PMMA resin. 

Group B: Glass fibers 2% by weight of the polymer: monomer ratio was soaked in monomer for 

10 minutes in a petri dish for better bonding of these fibers with the heat cure denture base resin 

matrix. The fibers were removed from the monomer and excess liquid was allowed to dry. Then, 

the monomer treated fibers were mixed thoroughly to disperse the fibers. Group C: Nylon fibers 

2% by weight of the polymer: monomer ratio was soaked in monomer for 10 minutes in a Petri 

dish for better bonding of these fibers with the PMMA resin matrix. The fibers were removed 

from the monomer, and excess liquid was allowed to dry. The polymer and monomer-treated 

nylon fibers were mixed thoroughly to disperse the fibers. Group D: Polypropylene fibers 2% by 

weight of the polymer: monomer ratio was soaked in monomer for 10 minutes in a Petri dish for 

better bonding of these fibers with the PMMA resin matrix. The specimens were polymerized 

and retrieved. Flexural strength test was carried out in the department of mechanical engineering 

at Indian institute of Technology, Kanpur. The mechanical strength of each sample was tested on 

universal testing machine under the three point bending test at a cross head speed of 5mm/min. A 

transverse testing jig which consisted of two parallel bronze metal rods that supported the 

specimen was used to applied load centrally. The span of this three point deflection test was 50 

mm (Figure 1-5).  
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Figure 1: Master Die 

 
 

Figure 2: Wax Pattern Poured In The Mold  

 

Figure 3: Wax Pattern Samples 
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Figure 4: Polypropylene Fibre 

 

Figure 5: Positioning Of Acrylic Sample Under Universal Testing Machine (Bending) 

 

Statistical Analysis and Results 
 

Mean Flexural strength of Group A samples which was found to be 81.08±2.45 MPa with the 

minimum of 76.89 and maximum of 84.98 MPa. The measured standard error was found to be 

0.54890. 95% Confidence Interval for mean demonstrated lower value as 79.9316 & upper value 

82.2294. The measured standard deviation was noticed to be 2.45474. Mean Flexural strength of 

Group B samples which was found to be 100.95±2.98 MPa with the minimum of 97.65 and 

maximum of 106.87 MPa. The measured standard error was found to be 0.66759. 95% 

Confidence Interval for mean demonstrated lower value as 99.5617 & upper value 102.3563. The 

measured standard deviation was noticed to be 2.98557. Mean Flexural strength of Group C 

samples which was found to be 98.55±2.74 MPa with the minimum of 94.13 and maximum of 

102.98 MPa. The measured standard error was found to be .61411. 95% Confidence Interval for 

mean demonstrated lower value as 97.2666 & upper value 99.8374. The measured standard 

deviation was noticed to be 2.74639. Mean Flexural strength of Group D samples which was 

found to be 94.83±3.14 MPa with the minimum of 90.87 and maximum of 99.98 MPa. The 

measured standard error was found to be .70421. 95% Confidence Interval for mean 

demonstrated lower value as 93.3119 & upper value 96.3119. The measured standard deviation 

was noticed to be 3.14933 (table 1-5, graph 1).  
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Table 1: Flexural strength of Group A samples 

 

Basic Statistics Group A Statistic Std. Error 

Group A 

Mean 81.0805 0.54890 

95% Confidence Interval for 

Mean 

Lower Bound 79.9316 - 

Upper Bound 82.2294 - 

Std. Deviation 2.45474 - 

Minimum 76.8900 - 

Maximum 84.9800 - 

Table 2: Flexural strength of Group B samples 
 

Basic Statistics Group B Statistic Std. Error 

Group B 

Mean 100.9590 0.66759 

95% Confidence Interval for 

Mean 

Lower Bound 99.56170 - 

Upper Bound 102.3563 - 

Std. Deviation 2.985570 - 

Minimum 97.65000 - 

Maximum 106.8700 - 

 

Table 3: Flexural strength of Group C samples  

Basic Statistics Group C Statistic Std. Error 

Group C 

Mean 98.5520 0.61411 

95% Confidence Interval for 

Mean 

Lower Bound 97.2666 - 

Upper Bound 99.8374 - 

Std. Deviation 2.74639 - 

Minimum 94.1300 - 

Maximum 102.980 - 

 

Table 4: Flexural strength of Group D samples 

Basic Statistics Group D Statistic Std. Error 



European Journal of Molecular & Clinical Medicine 

 

ISSN 2515-8260 Volume 10, Issue 1, Winter 2023 

 

4733 

 

Group D 

Mean 94.8380 0.70421 

95% Confidence Interval for 

Mean 

Lower Bound 93.3641 - 

Upper Bound 96.3119 - 

Std. Deviation 3.14933 - 

Minimum 90.8700 - 

Maximum 99.9800 - 

 

 

 

Table 5: Intergroup comparison of flexural strength  
 

Comparis

on 
N Mean 

Std. 

Deviati

on 

Std. 

Error 

95% Confidence 

Interval for Mean Mini

mum 

Maxim

um Lower 

Bound 

Upper 

Bound 

Group A 20 81.08 2.455 .549 79.93 82.23 77 85 

Group B 20 100.96 2.986 .668 99.56 102.36 98 107 

Group C 20 98.55 2.746 .614 97.27 99.84 94 103 

Group D 20 94.84 3.149 .704 93.36 96.31 91 100 

P value - - - - - - - <0.001 

 

Graph 1: Intergroup comparison of flexural strength 
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Discussion 

 

Whether the patient is young or old the ongoing advancement of technologies in the medical 

sciences has a significant impact on specialty and cutting edge treatments that could improve 

their lives.
16,17,18

 Dental professionals should manage tooth loss if it is to be successfully treated 

and patients are to live healthy lives Dental implants and dentures are the artificial devices 

commonly used to treat the tooth loss of the patients.
19,20,21

 These devices are used to restore the 

physiological functions with good esthetic appearance. Therefore the physiological and esthetic 

functions of the patients oral tissues are partially or completely restored by using suitable denture 

or implants.
22,23

 Gopinath Anne
24

 and associates also conducted similar study to evaluate flexural 

strength of conventional and various types of reinforced heat cure acrylic resins. They concluded 

that the flexural strength of heat polymerized PMMA denture resin was improved after 

reinforcement with glass fibers (120Mpa) and metal mesh. In our study the mean flexural 

strength of glass fibers was found to be 100.95 Mpa with the minimum of 97.65 and maximum 

of 106.87 Mpa. Sanjiv Rajender Dagar
25

 and associates also conducted similar study to compare 

the resistance to fracture properties of a commercially available heat polymerizing PMMA 

denture base resin with those of the same material reinforced by glass and nylon fibers. Keshav 

Mundra
26

 and associates also conducted a similar study to evaluate and compare the effect of 

polyethylene and polypropylene fiber reinforcement on the flexural strength of denture base 

resin. The fibers were immersed in a beaker with monomer liquid for better adhesion with the 

resin matrix. Mixing was done incrementally for thorough dispersion of fibers. Komal Lodha
27

 

and associates conducted a study to assess the effect of novel pre impregnated glass fibre 

reinforcement system and nylon fiber reinforcement on the flexural strength of conventional heat 

polymerized PMMA denture resin. They concluded that glass fibers and stick net glass fibers are 

suitable for reinforcement of complete and partial dentures as they increased the flexural strength 

of acrylic resin. John J
28

 and associates also conducted a similar study to determine whether the 

flexural strength of a commercially available, heat polymerized acrylic denture base material 
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could be improved through reinforcement with three types of fibers. They concluded that the 

flexural strength of heat polymerized PMMA denture resin was improved after reinforcement 

with glass or aramid fibers. In our study the mean flexural strength of glass fibers was found to 

be 100.95 Mpa with the minimum of 97.65 and maximum of 106.87 Mpa. Manju Chaudhary
29

 

and associates also conducted a similar study to evaluate and compare the flexural strength of 

heat PMMA denture base resin on reinforcement with nylon fibers, carbon fibers, polyaramid 

fibers, glass fibers. They concluded that polyaramid fibers had a marked improvement in the 

flexural strength of PMMA as compared to unreinforced PMMA. Their study results were highly 

comparable with our results. Hence in this study, 2 % concentration of fiber reinforcement was 

done, which is in accordance with the findings of Gutteridge
30

 who used 1%, 3% concentration 

of ultrahigh molecular weight polyethylene fibers, and reported that if fiber concentration was 

greater than 4% by weight, manipulation becomes difficult. Ladizesky
31

 also found that more 

than 4% concentration of fiber increased impact strength, but had no effect on transverse 

strength. 

 

Conclusion 
 

Within the limitations of the study it was concluded that glass reinforced resin has highest 

flexural strength compared to other tested reinforcement additives i.e.; nylon & polypropylene. 

Among all three tested groups, polypropylene showed minimum flexural strength. Following 

conclusions were also drawn; 1) Flexural strength of heat cure denture base resin reinforced with 

glass fibers was found to be increased 2) Flexural strength of heat cure denture base resin 

reinforced with nylon fibers was found to be increased 3) Flexural strength of heat cure denture 

base resin reinforced with polypropylene fibers was found to be increased 4) Flexural strength of 

heat cure denture base resin reinforced with all the tested reinforcement materials showed 

increase in the flexural testing strength of acrylic resin. However their magnitude was not 

similar. Nevertheless, other studies with larger samples & wider parameters are needed to be 

performed to establish authentic guidelines. 
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