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ABSTRACT

Background: Denture fracture is an unresolved problem in complete denture prosthodontics. 
However, the repaired denture often experiences a refracture at the repaired site due to poor 
transverse strength. Hence, this study was conducted to evaluate the effect of joint surface contours 
and glass fiber reinforcement on the transverse strength of repaired acrylic resins.
Materials and Methods: A total of 135 specimens of heat polymerized polymethyl methacrylate 
resin of dimensions 64 × 10 × 2.5 mm were fabricated. Fifteen intact specimens served as the control 
and 120 test specimens were divided into four groups (30 specimens each), depending upon the 
joint surface contour (butt, bevel, rabbet and round), with two subgroups based on type of the 
repair. Half of the specimens were repaired with plain repair resin and the other half with glass fibers 
reinforced repair resin. Transverse strength of the specimens was determined using three‑point 
bending test. The results were analyzed using one‑way ANOVA and Tukey post‑hoc test (α= 0.05).
Results: Transverse strength values for all repaired groups were significantly lower than those 
for the control group (P < 0.001) (88.77 MPa), with exception of round surface design repaired 
with glass fiber reinforced repair resin (89.92 MPa) which was significantly superior to the other 
joint surface contours (P < 0.001). Glass fiber reinforced resin significantly improved the repaired 
denture base resins as compared to the plain repair resin (P < 0.001).
Conclusion: Specimens repaired with glass fiber reinforced resin and round surface design 
exhibited highest transverse strength; hence, it can be advocated for repair of denture base resins.
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INTRODUCTION

The acrylic resin denture base material was 
introduced in 1937 and has been used extensively 
for the fabrication of denture base since then. 
Despite its popularity, the material although 
adequate in satisfying aesthetic demands and other 
ideal requirements for denture base material, lacks 
in the mechanical strength. This is reflected in 

the unresolved problem of denture fracture and 
accompanying cost of repair.[1]

The denture may fracture accidentally by an impact 
outside the mouth, as a result of expelling the 
denture from the mouth while coughing, or simply of 
dropping the denture. Inside the mouth, the causes of 
denture fracture include excessive bite force, improper 
occlusal plane, prominent mid‑palatine raphe, high 
frenum attachment, or poor fit.[2] Denture fracture 
inside the mouth is generally a flexural fatigue failure 
caused by cyclic deformation of the base.[3] This 
type of fracture most often occurs on or close to the 
mid‑line, and it occurs most often in maxillary than in 
mandibular dentures.[4] Various materials such as, heat 
activated and chemically activated repair resin have 
been proposed for repairing fractured denture bases. 
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Chemically activated repair resin generally allows 
for a simple and quick repair. However, dentures 
repaired with chemically activated repair resin often 
experience a refracture at the repaired site. One of 
the reasons for this unfavorable phenomenon is the 
insufficient transverse strength of chemically activated 
repair resin.[5]

To overcome this problem, various methods for 
enhancing the strength of the repaired part have been 
advocated; these include the alteration of repair surface 
design,[6‑9] the use of repair surface treatments,[5,10,11] 
and combined use of autopolymerizing acrylic resin 
with reinforcing materials.[5,12,13]

Over the years, many authors have tried to improve 
the transverse strength of repaired resin by different 
materials and change in repair design. However, 
the results have been varied and conflicting.[5‑9,12,13] 
Harrison and Stansbury[6] studied the effect of three 
types of joint surface contours on the transverse 
strength of repaired acrylic resin and found 
round surface design to be superior among all. 
Nagai, et  al.[5] evaluated the repair of denture base 
resin using woven metal and glass fiber and found 
that glass fiber reinforcement with pre‑treatment 
exhibited higher transverse strength than intact 
plates. Hence, this study was undertaken to evaluate 
the effect of various joint surface designs and also 
the effect of loose short cut glass fibers reinforced 
repair resin on the transverse strength of repaired 
acrylic resin. The null hypothesis was that the joint 
surface contours and glass fiber reinforcement had 
no effect on the transverse strength of repaired 
acrylic resins.

MATERIALS AND METHODS

Fabrication of acrylic resin specimens
The dimensions of the specimens were standardized 
to 64 × 10 × 2.5 mm (American Dental Association 
Specification No. 12) using customized brass master 
dies to fabricate the heat polymerized polymethyl 
methacrylate specimens (Trevalon, Dentsply, 
DeTrey GmbH, Konstanz, Germany).[14] The heat 
polymerized acrylic resin was mixed according to 
the manufacturer’s instructions. The material was 
packed in the dough stage into the mold cavity and 
two trial closures were performed. The flasks were 
closed and kept under bench press (for 30  min). 
Clamped flasks were kept in thermostatically 
controlled polymerization unit (Acrylizer C‑73A, 

Confident Dental Equipments Ltd, Bangalore, 
India) at 74°C for 2  h. The temperature of the 
water bath was raised to 100°C and the flasks 
were kept in polymerization unit for another 1  h. 
The flasks were bench cooled overnight prior 
to deflasking. Deflasked resin specimens were 
finished with 600 grit silicon carbide paper under 
water irrigation. A  total of 135 test specimens 
were prepared. Fifteen intact specimens served 
as the control “C” specimens. One hundred and 
twenty specimens were divided into four groups 
(30  specimens each) depending upon the joint 
surface contours, group  I‑butt joint, group  II‑bevel 
joint, group  III‑rabbet joint, and group  IV‑round 
joint  [Figure 1].

Each interface design group was further divided into 
two subgroups  A and B, depending upon the use of 
fiber for repair.

Surface designs preparation
For preparing surface designs, the specimens were 
inserted into a brass holding device, into which 
the specimens fitted exactly. At right angle, and in 
the center of the brass holding, a T‑shaped guiding 
groove of 2  mm was milled. This served as a guide 
for the bur used to prepare the edge profile of the 
specimen prior to repair. Thus, the device ensured 
reproducibility of gap width and same zone of repair 
for all specimens. The straight micro‑motor hand 
piece was attached to the surveyor  (Ney, Dentsply, 
Toronto, Canada) arm and adjusted so that the end 
of the bur traveled across the bottom of the guiding 
groove. The holding device was fixed in the cast 
holder [Figure 2].

For the preparation of butt joint, a 2  mm space was 
created in the center of the specimen with straight 
fissure carbide bur  (Fisher Tool Company Inc, New 
Taipei, Taiwan). For the preparation of 45° bevel 
joint, a 2 mm space was created in the center of the 
specimen. A  line was drawn parallel to the prepared 
edge at 2  mm distance. 45° bevel was prepared by 
tilting the holding die at 45° angle to the carbide 
bur. For the preparation of rabbet surface designs, 
a 2  mm space was created in the center of the 
specimen. A  line was drawn parallel to the prepared 
edge at 2 mm distance. After that, a recess measuring 
1.5  mm deep and 2  mm wide was cut into the 
opposing interface surfaces by means of a straight 
fissure carbide bur. The round surface design was 
prepared by creating a 2  mm space in the center of 
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the specimen. The outer edges of the interface were 
made rounded free hand. The prepared ends were 
smoothened with fine gauge abrasive strips (Oakey’s 
abrasives, John Oakey and Mohan, Uttar Pradesh, 
India) to eliminate overhangs and unsupported 
acrylic extensions.

Repair method for test specimens
All the modified samples were repaired using two 
different repair resins. Modified samples were fixed in 
a metal mold with 2  mm gap between the fractured 
ends to provide bulk for the repair resin. Each surface 
design group was further divided into two subgroups 
“A” and “B”  (15  sample each). Samples in subgroup 
“A” of each surface design group were repaired with 
chemically polymerized repair resin  (Rapid repair, 
Dentsply, DeTrey GmbH, Konstanz, Germany) 
using the sprinkle‑on monomer polymer technique. 
Samples in subgroup “B” of each surface design 
group were repaired with glass fibers  (Saint Gobin 
Vertrotex, Hangzhou, Zhejing Province, France) 
reinforced chemically polymerized repair resin. The 
glass fibers  (2%) were cut into 2  mm length and 
used randomly in loose form. Fibers were soaked in 
a silane coupling agent  (Rely X Ceramic primer, 3M 
ESPE, St. Paul, Minnesota.) for 5  min to improve 
their bond to acrylic resin and were allowed to dry 
in the air for 20  min before they were incorporated 
in the repair resin. Fibers were mixed into the repair 
resin polymer with the help of glass stirrer. The 
mold was lubricated and the repair was carried out 
using the sprinkle‑on monomer polymer technique. 
The joint space was slightly overfilled to allow for 
polymerization shrinkage. All the repaired specimens 
were finished and polished.

Assessment of the transverse strength of specimens
Transverse strength of the specimens was determined 
using three‑point bending test. All specimens were 
stored in distilled water at 37°C  ±  1°C for 48  h, 
prior to testing. Each specimen was subjected to 
the three‑point bending test, at a crosshead speed 
of 5  mm/min, at a 50  mm distance with universal 
testing machine (Zwick, Materiaprufung 1445, Ulm, 
Germany). The load was applied to the center of 
the test specimen till fracture occurred. The fracture 
load was recorded in Kg and the transverse strength 
of each specimen was calculated using the formula: 
T.S. = 3Pl/2bd², where T.S. = Transverse strength, 
P  =  Peak load applied, l  =  Distance between 
supports, b  =  Sample width, and d  =  Sample 
thickness.

RESULTS

Mean values and standard deviation of the transverse 
strength of studied groups were shown in Table 1. The 
highest and the lowest mean values were recorded for 
group IV B (89.92 MPa) and group I A (45.17 MPa), 
respectively.

One‑way ANOVA showed that there was significant 
difference between the studied groups (P  <  0.001) 
[Table  2]. Tukey test was applied for pair wise 
comparison among the groups (P  <  0.05). Control 
specimens showed significantly higher transverse 
strength value as compared to the all repaired 
specimens except for group  IV B. Mean transverse 
strength of group  IV B specimens was more than 
control specimens but the difference was not 
statistically significant (P = 0.91).

Figure 1: Schematic diagram showing four joint surface designs Figure 2: Brass holding device and surveyor with clutch for 
holding hand piece
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Subgroups  A and B specimens of group  IV showed 
significantly higher transverse strength value than 
subgroups  A and B specimens of the other repaired 
groups  (P  <  0.05)  [Table  1]. Specimens repaired 
with glass fiber reinforced chemically polymerized 
repair resin significantly improved the transverse 
strength value as compared to the plain chemically 
polymerized repair resin in all the four joint surface 
design groups; however, in group  I, this difference 
was not significant (P = 0.342) [Table 1].

DISCUSSION

The results of this study showed that the combined 
effect of surface designs and glass fiber reinforcement 
affected the transverse strength of the repaired acrylic 
resin base; hence, the null hypothesis was rejected.
Butt, bevel, rabbet, and round joint interface designs 
are most commonly advocated for repairing fractured 
denture bases; hence, these four surface designs were 
tested in this study.[6,7,8,14] In this study, chemically 
polymerized repair resin is used as a repair material 
for repairing test specimens because it is a quick 
procedure.[15]

Transverse strength is the most important value 
in function because dentures are most often under 
bending loads. Hence, the transverse strength test 
was considered to be an appropriate test method 

for this study. The results of this study showed that 
the transverse strength achieved by subgroups  A 
and B specimens of group  IV was significantly 
higher than the other repaired groups. Round joint 
was superior to the butt joint, bevel joint, and 
rabbet joint. These findings support the general 
principle that sharp‑angled surfaces promote stress 
concentration.[6] The amount of stress concentration 
is directly related to the degree and abruptness of 
surface change. Therefore, since residual stress is 
produced and sharp‑angled surface concentrates 
the stresses, when repairing fractured acrylic resin 
prosthesis, one should attempt to prevent recurrent 
structural failure by distributing these stresses as 
evenly as possible by repairing a joint with rounded 
interface surfaces. Similar results were obtained by 
Harrison and Stansbury[6] and Ward, et  al.[7] The 45° 
bevel joint design showed higher transverse strength 
than butt and rabbet designs, as the geometry of 45° 
bevel shifts the interfacial stress pattern more toward 
a shear stress and away from the more damaging 
tensile stress during repair. Hanna, et  al.[14] also 
investigated the effect of butt joint and 45° bevel 
joint on the transverse and impact strength and 
found higher values with 45° bevel joint. In this 
study, the control specimens showed significantly 
higher transverse strength value than all repaired 
groups except group  IV B. This may be due to the 
residual monomer retained at the repair site. Residual 
monomer exerts a plasticizing action which weakens 
and softens the material.[16]

This study also focused on the effect of loose short 
cut glass fiber reinforcement  (2%) on the transverse 
strength of repaired acrylic resin. In this study, glass 
fibers are used for reinforcement of repair resin 
because glass fibers are more aesthetic so they can 

Table 1: Mean and standard deviation of transverse strength (MPa Megapascal) in the control and repaired 
specimens and Tukey groups
Specimen 
groups

Mean SD 95% confidence interval for mean Minimum Maximum Tukey 
groups*Lower bound Upper bound

Control 88.77 0.95 88.24 89.29 87.20 89.81 A
IA 45.17 2.65 43.71 46.64 37.01 48.32 F
IB 47.14 1.92 46.07 48.20 43.60 49.75 F
IIA 74.92 3.09 73.21 76.63 70.48 83.67 D
IIB 80.90 1.08 80.30 81.50 77.24 82.39 C
IIIA 71.88 3.47 69.96 73.80 64.50 76.04 E
IIIB 78.42 3.58 76.44 80.41 69.63 81.03 C
IVA 85.08 0.61 84.74 85.42 84.10 86.45 B
IVB 89.92 1.01 89.36 90.48 88.32 90.97 A

*Groups with different uppercase letters were significantly different (P<0.05)

Table 2: One‑way analysis of variance
Source Sum of 

square
df Mean 

square
F Significance

Between 
groups

33268.179 8 4158.522 771.052 0.000

Within 
groups

679.557 126 5.393

Total 33947.736 134
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be used in visible locations.[17] Loose glass fibers 
cut in 2  mm length were used for reinforcement 
of repair resin. The ease and simplicity of their 
inclusion would make this technique more 
acceptable for widespread use. 2% glass fibers were 
incorporated into repair resin polymer. Gutteridge[18] 
studied the effect of fiber content on the strength 
of the resin and reported that, any increase beyond 
3% provides no beneficial effect. More than 4% 
fibers by weight are difficult to include in the 
resin during mixing, the resulting dough being 
dry and friable and difficult to pack. Transverse 
strength of the subgroup  B specimens was higher 
than subgroup  A specimens in all the four groups, 
except butt joint design in which the difference 
was not significant  (P  =  0.342). Mostafa and 
Lindsay[19] compared the fracture strength of a glass 
fiber‑reinforced composite and a fiber‑reinforced 
composite and showed more fracture strength 
with glass fiber‑reinforced composite. Modulus of 
elasticity of glass fibers is very high; due to this, 
most of the stresses are received by them without 
deformation.[20] Incorporated fibers also shows 
dissipation of energy transmitted to any one point 
in the resin, before the critical value for the stress 
intensity exceeded.[21]

Although glass fiber may provide the best esthetic 
qualities among other fillers for dental applications, 
further research is needed to investigate the effect 
of glass fibers on oral mucosa. This in  vitro study 
evaluated the transverse strength of repaired acrylic 
resin specimens by three‑point bending test. This 
study design has limitations for simulating the clinical 
situation, as the specimens tested were different from 
actual denture configuration. Further investigations 
under more closely simulated clinical conditions are 
necessary.

CONCLUSION

Within the limitations of this study, the following 
conclusions can be drawn:

1.	 Transverse strength of round surface design 
samples repaired with glass fiber reinforced repair 
resin showed higher values than control but the 
difference is not significant.

2.	 Among all the surface design groups, butt surface 
and round surface designs showed the lowest and 
highest transverse strength, respectively.

3.	 Glass fiber reinforcement significantly improved 

the transverse strength of repaired acrylic resins 
with round, rabbet, and bevel joint surface designs.
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