
INTRODUCTION

Temporary crown and fixed partial dentures are subjected
to heavy and consistent loading by the mastication, and fail-
ure of the restoration frequently occurs. One of the common
failure modes of the restorations which may lead to severe eco-
nomic loss and patient discomfort is fracture.1 The materials
used for temporary restoration must be strong particularly for
long term use.2,3 The mechanical strength properties of the mate-
rial are an important factor for the clinical success of tempo-
rary crown and fixed partial dentures.1 Although the mechan-
ical properties of polymer-based crown and fixed partial
denture materials have been reported previously by many
researchers in terms of flexural strength, hardness and edge
strength,1,4-11 there are few papers concerning their diametral
tensile strength. The tensile strength is important because
temporary restorations are prone to tensile failure. Although,
the diametral  tensile strength is a critical requirement, because
many clinical failures are due to tensile stress.18 The diametral
tensile strength test provides a simple method for measurement
of the tensile strength of brittle materials. As it is not possible

to measure the tensile strength of brittle materials directly, the
British Standards Institution adopted the diametral tensile
strength test.19 In this test, a compressive force is applied to a
cylindrical specimen across the diameter by compression
plates. While the stresses in the contact regions are indeterminate,
there is evidence of a compressive component that hinders the
propagation of the tensile crack. Large shear stresses that
exist locally under the contact area may also induce a shear fail-
ure before tensile failure at the center of the specimen.7

The objectives of this study were to investigate the diametral
tensile strength of polymer-based crown and fixed partial
denture materials and to investigate the change of the diame-
tral tensile strength with time. The null hypothesis to be test-
ed was that there was no difference in the diametral tensile
strength between monomethacrylate-based and dimethacry-
lated-based crown and fixed partial denture materials.

MATERIAL AND METHODS

Polymer-based crown and fixed partial denture materials used
in this study are presented in Table I. Specimens of the four mate-
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rials were prepared in a cylindrical stainless steel mould
which could be split so that no force would be required to
remove the set specimen from the mould. The specimens
had a size of 4 mm in diameter and 6 mm in length (Fig. 1).
Protemp 3 Garant (PT3), Fast set Temphase (TMP) and
Luxatemp (LXT) were injected into the mould with the
automixing gun applicator, while Trim (TRM) was mixed
with a clean plastic spatula for 30 seconds and immediately
placed into the mould. The mould was covered with a glass slab
and a plastic strip to prevent the inhibition of polymerization
by oxygen, and hand pressure was applied to create flat end
surfaces. After setting of the material, the mould was disas-
sembled and the specimen was removed gently from the
mould. For each material, twenty specimens were fabricated
and randomly divided into two groups of ten according to the
measurement time after completion of mixing.

(1) Group I: Immediately
(2) Group II: 1 hour

The specimens of Group I were tested immediately (circa 5
min after completion of mixing). Specimens of Group II were
prepared in the same method described above, and stored at
23℃ in a dry state for 1 hour before mechanical testing.

Diametral tensile strength of the specimens was investi-
gated through a diametral compression test (indirect tensile test)
in which a cylinder of material was compressed diametrical-
ly to failure. The diametral compression test was conducted using
a Howden Universal Testing Machine (RDP Howden Ltd.,
Southam, Warks, UK) at 23 ± 1℃ operated at a compression
rate of 0.5 mm/min. Specimens were placed with the flat
ends perpendicular to the platens of the apparatus so that load
was applied to the diameter of the specimens. The maxi-
mum load applied till failure of the specimens was recorded.
The diametral tensile strength was calculated from the following
equation.

σ=
2P
πDT

where σ= the diametral tensile strength (MPa) 
P = the maximum fracture load (N) 
D = the diameter (mm) of the specimen 
T = the length (mm) of the specimen

The mean values and standard deviations of the results
were computed. The data were statistically analyzed using one-
way ANOVA and the multiple comparison Scheffe′test to deter-
mine whether statistically significant differences existed
among the materials. Independent sample t test was also
performed for each material to compare the diametral tensile
strength between immediate and 1 hour specimens. For all sta-
tistical analyses, a significance level of 0.05 was used (SPSS,
Version 10.1, SPSS Inc., Chicago, Illinois, USA).

RESULTS

The mean strength values and standard deviations of each
material are presented in Table II. Statistical analyses are
presented in Tables III to V. 

TRM showed severe permanent deformation without an obvi-
ous fracture during loading at both times. Thus, the data for
TRM were not presented (Table II). 

At 5 minutes, PT3 showed the highest value (23.16 MPa), fol-
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Fig. 1. Dimension of cylinder-shaped specimen. φ= 4 mm, L = 6 mm, P
= load.

Table I. The materials investigated in this study
Material Code Lot No. Manufacturer Composition Characteristics

Protemp 3 Garant PT3 646909001 3M ESPE, Dimethacrylate,
St Paul, MN, USA Strontium glass, Dimethacrylate-based material

Silicic acid
Fast set Temphase TMP 4060 Kerr, Orange, CA, USA Uncured methacrylate,

Ester monomers,
Dimethacrylate-based material

Benzoyl Peroxide 
Dimethacrylate,

Luxatemp LXT 120337 DMG, Hamburg, Germany Glass powder, silica,
Urethane dimethacrylate, Dimethacrylate-based material
Glycol methacrylate

Trim TRM 921900 Bosworth, Skokie, IL, USA Polyethyl methacrylate Monomethacrylate-based material

P

L

φ



lowed by TMP (22.27 MPa) and LXT (14.46 MPa). PT3 and TMP
were significantly higher than LXT (P < .05) (Table II). PT3 and
TMP were comparable (P = 0.694).

At 1 hour, the value of PT3 (37.6 MPa) was also the highest,
followed by TMP (28.08 MPa) and LXT (20.59 MPa). There were
significant differences among them (P < .05) (Table II).

The values for PT3, TMP and LXT at 1 hour were higher than
those at 5 minutes. The strength was improved by 62.3 % for
PT3, 42.4 % for LXT and 26.1 % for TMP. Those increases in
diametral tensile strength of PT3, TMP and LXT were signif-
icant with time (P < .001) (Table V).

DISCUSSION

A pure tensile test is problematic as brittle materials are liable
to fracture at their gripped ends rather than show a single frac-
ture along the midline of the specimen.12 One way to overcome
this problem is to use dumbbell-shaped specimens, but the pro-
duction of specimens of such geometry may not be easy in some
materials such as dental amalgam. An alternative method is
a diametral compression test which is a common method
for measuring tensile strength of brittle materials.13 The diame-
tral compression test is simple and offers good information about
internal coherence of a material.14 Although the diametral
compression test is applicable only for brittle materials, the test
is appropriate for polymer-based materials and frequently used.13

However, if a specimen deforms excessively at the point of load-
ing before fracture, the test may not be suitable for the spec-
imen as it could lead to an invalid test result.15 Some polymer
specimens do not show complete brittleness. Test on the
specimens will give a type of flow test or early compressive
strength rather than a proper diametral tensile strength.14

However, if a near-vertical fracture occurred and if the contact

width is less than 20% of the specimen diameter, the test
result can be accepted.16

All specimens tested in this study failed with vertical diame-
tral cracks. They fractured into two pieces of approximately the
same size along the midline of the specimen. They showed no
measurable permanent deformation at the contact areas
except TRM with an eye inspection. This confirms that the data
were valid.

It was suggested that the water storage of resins at 37℃ has
a tendency to lower the strength of the resins.17 Therefore, all
specimens in this study were stored dry to eliminate any
effects of water sorption.

The observed diametral tensile strengths ranged from 14.46
MPa to 23.16 MPa at 5 minutes and from 20.59 MPa to 37.59 MPa
at 1 hour. These values are similar to those of resin core
materials.12 It was found that diametral tensile strengths for chem-
ically-cured core materials were 21.1 MPa - 31.6 MPa.12 PT3
showed significantly higher strength than the other materials
investigated at both times. PT3 was 1.6 times stronger than the
weakest material at 5 minutes after mixing, and 1.8 times
stronger at 1 hour after mixing. 

All test materials showed a uniform increase in strength from
5 minutes to 1 hour (P < .05). This increase can be explained by
the setting reaction of polymer-based crown and fixed partial
denture materials due to polymerization of thin type of poly-
mer, what continues for several hours. According to the
results, it can be concluded that the dimethacrylate-based
materials (PT3, LXT and TMP) showed higher values in the
diametral tensile strength than monomethacrylate-based
material (TRM) as TRM exhibited such severe deformation that
the strengths could not be measured under this test condition.
Thus, the null hypothesis that there was no difference in the
diametral tensile strength between monomethacrylate-based
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Table IV. Multiple comparison Scheffe′test of the diametral tensile
strengths between materials at each time

Material 5 min 1 h
PT3 vs TMP 0.694 < 0.001
PT3 vs LXT < 0.001 < 0.001
TMP vs LXT < 0.001 0.001

X Shaded cell denotes significant differences between two groups at
P < .05.

Table V. Independent sample t test of the diametral tensile strengths of
each material investigated between 5 min and 1 h

Time Materials t value Sig
5 min vs 1 h PT3 -9.147 < 0.001

TMP -4.465 < 0.001
LXT -7.231 < 0.001

X Shaded cell denotes significant differences between two groups at
P < .05.

Table III. One-way ANOVA test of the diametral tensile strengths of mate-
rials investigated at each time

Time DF Sum of squares Mean square F Sig
5 min 2 357.27 178.635 33.716 < 0.001

1 h 2 1230.601 615.301 52.833 < 0.001

Table II. Means and standard deviation in parenthesis of diametral ten-
sile strength of the materials investigated

Material
Diametral tensile strength (MPa)
5 min 1 h

PT3 23.16 37.59
(2.2) (4.5)

TMP 22.27 28.08
(2.8) (3.1)

LXT 14.46 20.59
(1.6) (1.6)

TRM Severe deformation



and dimethacrylate-based crown and fixed partial denture mate-
rials could be rejected. This can be explained by molecular struc-
ture of the materials. Chain scission occurs during fracture of
the resins. The extent to which chain scission takes place
depends upon the structure and morphology of the molecules.
The dimethacrylate-based materials have a network structure
which resists forces, while monomethacrylate-based materi-
als allow movement of the molecules with relative ease under
stress.

This study has shown that in dimethacrylate-based materials,
the highest diametral tensile strength was shown by PT3.
The different values between the materials shown in this
study may be explained by different composition of the mate-
rial, different filler type, different filler size, different filler dis-
tribution and different quantity of remaining double bonds,
etc.11

When the test results were compared with the results by Kim
and Watts, a generally positive correlation was observed
between the edge strength at 0.5 mm from the edge and the
diametral tensile strength at 1 hour after completion of the mix-
ing (R = 0.92).1 The edge strength tended to be larger when the
diametral tensile strength was large. This also means that
these two properties tend to be determined by the same char-
acteristics of the materials. 

The diametral tensile strength of a polymer-based material
is an important factor to be taken into account in selecting suit-
able materials for clinical use. These findings show that the
monomethacrylate-based temporary restorations would be
expected to be more susceptible to mechanical failure and less
durable than the dimethacrylate-based temporary restora-
tions when they are exposed to masticatory stresses.

CONCLUSION

1. The dimethacrylate-based crown and fixed partial denture
materials (PT3, TMP and LXT) tested were stronger in
diametral tensile strength than the monomethacrylate-based
one (TRM) which showed severe deformation without frac-
ture under the test conditions.

2. The diametral tensile strength of the materials investigated
increased with time.

3. The diametral tensile strengths of all materials at 1 hour were
about 1.3 - 1.6 times higher than those at 5 minutes after
completion of mixing.
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