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Abstract
Purpose: Flexural strength of interim materials is of particular concern with long-span
fixed partial dentures (FPDs) or in areas of heavy contact. The purpose of this study
was to compare the flexural strength of seven resins used to fabricate interim fixed
prostheses.
Materials and Methods: Ten identical 25 × 2 × 2 mm specimens were made from
seven interim materials (N = 70) (Trim, Acropars, Protemp 3 Garant, Unifast LC,
TempSpan, Tempron, Duralay) according to ADA specification #27. After 14 days’
storage in artificial saliva and thermocycling for 2500 cycles (5˚C to 55˚C), a standard
three-point bending test was conducted on the specimens with a universal testing
machine at a crosshead speed of 0.75 mm/min. The mean values of flexural strength of
each interim material were calculated. Data were analyzed using the Kruskal-Wallis
and Mann-Whitney U-test, and the significance level was set at α = 0.05.
Results: The lowest and highest flexural strengths were found for Trim from ethyl
methacrylate resins and TempSpan from bis-acryl resins, respectively. The mean rank
of flexural strength of the studied materials was TempSpan = 66.3, Protemp 3 Garant =
53.4, Tempron = 47.5, Duralay = 38.3, Unifast LC = 24.1, Acropars = 17.9, and
Trim = 5.9. There was no significant difference between Tempron and Protemp 3
Garant, but the other resins were significantly different.
Conclusions: Bis-acryl interim materials exhibited higher flexural strength than the
methacrylate resins tested in this study. These higher values should be considered in
making interim fixed prostheses, especially when long-term use or long-span FPDs
are planned.

Interim prostheses are essential components of fixed prost-
hodontic treatment.1,2 These restorations should fulfill biolog-
ical, mechanical, and esthetic requirements to be considered
successful.3 Achieving these requirements depends on impor-
tant properties of resins, including polymerization shrinkage,
wear resistance, color stability, and strength.4,5 Resistance to
functional loads and removal forces are mechanical factors that
must be considered when choosing an interim restorative ma-
terial for clinical use.3

The flexural strength of interim prostheses is a critical prop-
erty, particularly in long-span interim prostheses with short
height pontics and connectors3 and when the patient exhibits
parafunctional habits such as bruxism and clenching. Flexural
strength is also important when these restorations are worn over
a long period of time to assess the results of periodontal, en-
dodontic, and temporomandibular joint dysfunction therapies
and during the restorative phase of implant reconstructive pro-

cedures.6-11 The maintenance of these interim prostheses can
present considerable difficulty for both the patient and the den-
tist. Not only can repair procedures be time consuming, but also
breakage of these restorations can lead to tooth movement and
functional and esthetic problems.6

Interim fixed restorative materials can be divided into four
groups according to composition: polymethyl methacrylate
(PMMA), polyethyl or butyl methacrylate, microfilled bisphe-
nol A-glycidyl dimethacrylate (Bis-GMA) composite resin,
and urethane dimethacrylate (light-polymerizing resins).3,12

The primary monomer determines many of the material char-
acteristics such as polymerization shrinkage, strength, and
exothermic heat of reaction.3 There is no interim material that
meets optimal requirements for all situations.13,14 Clinicians
select a product based on factors that include ease of ma-
nipulation, cost effectiveness, esthetics, strength, and marginal
accuracy.
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Table 1 Materials tested

Product name Manufacturer Lot number Resin type

Acropars Marlic Medical Co., Tehran, Iran UCB 4067 Ethyl methacrylate
Duralay Duralay Corp., Worth, IL DTX002 Methyl methacrylate
Protemp 3 Garant 3M ESPE, St. Paul, MN NR.FA02204 Bis-acryl
Tempron GC, Aichi, Japan 0519151 Ethyl methacrylate
TempSpan Pentron, Wallingford, CT 140105 Bis-acryl (dual-cured)
Trim Bosworth Co. Skokie, IL 105-308-X Vinylethyl methacrylate
Unifast LC GC America, Alsip, IL 0506081 Methyl methacrylate (light-cured)

Previous studies have evaluated the marginal accuracy, poly-
merization shrinkage, temperature rise, and mechanical proper-
ties of interim resin materials, and in these studies, valuable in-
formation has been presented regarding various materials.1,15-25

Because interim restorative materials are subject to masticatory
forces, an understanding of the mechanical properties of these
materials is important in determining whether the restoration
will be able to survive repeated functional forces in the oral en-
vironment. In addition, the mechanical properties of the interim
resin materials can be influenced by saliva, food components,
beverages, and interactions among these materials in the oral
environment.26-29 The purpose of this study was to compare
the flexural strength of seven interim fixed restorative materials
with different compositions. The null hypothesis was that there
was no difference between flexural strength of these interim
restorative materials.

Materials and methods
A Plexiglas split mold was used to make specimens with di-
mensions of 25 × 2 × 2 mm (ADA specification no. 27).30

The design of the assembled mold provided five rectangular
specimens for each pour of the resin materials.

Ten specimens were made from the interim restorative ma-
terials according to the manufacturers’ instructions (N = 70
specimens). To extrude excess resin from the mold and to ap-
ply needed pressure during polymerization, the material was
set under a glass slab and a weight of 1.5 kg was applied to the
surface of the mold.

The interim restorative materials compared in this study were
seven tooth-colored resin materials currently used for making
interim fixed prostheses (Table 1). These tested materials are
representative of all four types of interim restorative materials.
Trim, Acropars, Duralay, Tempron, and Unifast LC were mixed
manually, but Protemp 3 Garant and TempSpan were mixed
automatically by dispenser tip.

The specimens were stored in artificial saliva31 at 37˚C for
14 days and then were thermocycled for 2500 cycles between
5˚C and 55˚C. Dwell time was 6 seconds in each water bath.
The specimens were then placed on a universal testing machine
(H 100, Dartec, Surrey, UK) for three-point bending test with
a crosshead speed of 0.75 mm/min. The force at fracture was
recorded in Newtons and calculated in MPa using the following
formula:32

S = 3PI/2bd2

where S = flexural strength, P = fracture load, I = distance
between the supports, b = width of the specimen, and d =
thickness of the specimen.

Data were analyzed using the Kruskal-Wallis test, and mate-
rials were ranked with the Mann-Whitney U-test, because the
homogeneity of variance assumption was not satisfied for both
row and log-transformed data. A significance level of α = 0.05
was used for all statistical analysis.

Results
The mean, standard deviations, and mean ranks of the flexu-
ral strength of the materials tested are shown in Table 2. The
Kruskal-Wallis test indicated a significant difference between
the interim materials (p < 0.001). In particular, the Mann-
Whitney U-test indicated no significant difference between
Tempron and Protemp 3 Garant (p = 0.063). There were signif-
icant differences between the other materials tested (p < 0.05)
(Table 2). The greatest flexural strength belonged to bis-acryl
resins, and TempSpan was statistically superior to the other
resins tested. Trim showed significantly lower flexural strength
compared to other materials.

Discussion
Seven interim resin materials were evaluated for flexural
strength in this study. Although laboratory flexural strength
values under static loading may not reflect intraoral conditions,
these values are nevertheless helpful in comparing materials un-
der controlled situations and may be a useful predictor of clini-
cal performance.15 The fracture resistance of interim materials
is subject to the geometry of the restoration and aging processes
that occur in clinical application. Intraorally, a mean chewing
force of 35 to 70 N with a frequency of 1066 Hz can be expected.
Mouth temperatures range between −8◦C and +81◦C, and the
resulting temperatures on the surfaces of a construction between
5◦C and 55◦C.15 The flexural strength of interim resin materials
may be influenced by saliva, food components, beverages, and
interactions among these materials.26-29 To partially simulate
the oral environment, specimens were stored for 14 days in
artificial saliva and thermocycled for 2500 cycles (5 to 55◦C).
Then standard three-point bending tests were conducted on the
specimens.

The results of this study showed that TempSpan and Protemp
3 Garant bis-acryl composite resins had the highest flexural
strength, and Trim vinylethyl methacrylate resin exhibited the
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Table 2 The mean (standard deviation) of flexural strength of studied resins (MPa) and Mann-Whitney groups

95% confidence interval for mean
Mann -Whitney

Mean (SD) Lower bound Upper bound Mean rank group∗

TempSpan 94.69 (12.06) 86.06 103.32 66.3 A
Protemp 3 Garant 70.50 (6.74) 65.68 75.32 53.4 B
Tempron 64.31 (7.29) 59.10 69.53 47.5 B
Duralay 55.13 (6.91) 50.18 60.07 38.3 C
Unifast LC 40.90 (5.16) 37.44 44.37 24.1 D
Acropars 35.63 (6.43) 31.02 40.23 17.9 E
Trim 21.81 (4.83) 18.35 25.26 5.9 F

∗There is a significant difference between the means with different letters (p < 0.05).

lowest. This result is consistent with those of past studies in
which the flexural strength of bis-acryl resins was higher than
other conventional interim restorative materials.6,11,15,18,26

The differences between flexural strength of methacry-
late resins and bis-acryl resins are a result of the different
monomer composition. The bis-acryl resins contain multifunc-
tional monomers (such as Bis-GMA or TEGDMA), which in-
crease the strength due to cross-linking with other monomers.11

Additional inorganic fillers further improve strength and micro-
hardness.18

Conventional methacrylate resins are monofunctional, low-
molecular-weight, linear molecules that exhibit decreased
strength and rigidity. In addition, if they are not polymerized
under pressure, the air bubbles will be trapped and decrease
their strength.6,11,20

One way to enhance the mechanical properties of a material
is to create a composite material. A composite material is a
system composed of a mixture or combination of two or more
micro-constituents differing in form or composition, which are
essentially insoluble in each other. The reason materials are
made tougher and stronger by incorporation with other mate-
rials is that cracks are stopped or deflected by the presence
of these additions, probably at the interface, so that fracture
resistance increases dramatically.21,22

In this study, mixing of composites was performed in a car-
tridge delivery system, and this dispensary method may allow
for a more accurate and consistent mix; however, the working
and resultant biophysical properties of set methacrylates can be
influenced by the monomer-powder ratio, which can vary from
mix to mix and from dentist to dentist.23

Direct comparison to other studies is not possible due to
differences in materials, methodology, and specimen configu-
ration. Haselton et al11 compared flexural strength of methacry-
late base resins and bis-acryl resins after immersing in artificial
saliva for 10 days. Results showed that some, but not all, bis-
acryl resins demonstrated significant superior flexural strength
than traditional methacrylate resins. They concluded that the
differences in flexural strength can be partly attributed to dif-
ferences in chemical compositions; however, they deemed this
property to be material specific.11 Lang et al15 investigated
fracture resistance of interim fixed partial denture (FPD) ma-
terials after storage for 14 days in distilled water and artificial

aging and found low mechanical fracture behavior and total
failure of PMMA materials tested because of deformation dur-
ing oral simulation. They also found that PMMA materials
showed water absorption up to 32 μg/mm, primarily because
of the polar properties of the resin molecules, which may act
as a plasticizer and thus reduce the fracture strength of the ma-
terial.15 There was no significant difference between methyl
methacrylate and composite interim materials in some of the
studies.4,14,24 This can be explained by the difference in the
test method and materials. In these studies, the size of speci-
mens was different, and an early generation of composites was
used.14,24 Manufacturers of these interim restorative materials
have made efforts to improve the mechanical properties of their
products.

TempSpan, which showed the highest flexural strength (p <

0.001), is a dual-polymerizing material that has both auto-
and light-polymerizing components that may increase the de-
gree of polymerization, whereas Protemp 3 Garant is an au-
topolymerizing material. The polymerization process invokes
chemical, mechanical, dimensional, and thermal changes that
affect the properties of resin materials.3 The type of matrix
and the degree of conversion influence the properties, espe-
cially when aging occurs in the oral environment.25 In addi-
tion, the type and concentration of cross-linking agents may
vary between these products. This information is proprietary
and is not readily available; nevertheless, an increased de-
gree of conversion and a high concentration of cross-linking
agents will result in a harder material with increased flexural
strength.16

Balkenhol et al33 studied the flexural strength and flexural
modulus of interim resin materials at different storage times
and concluded that the mechanical properties of composite
resin-based materials are superior to methacrylate resins and
recommended a dual-curing interim resin material if a high
mechanical strength is indispensable directly after fabrication.
They explained that in dual-curing materials a large amount of
polymerization takes place at the beginning because of the light
curing initiation of the reaction.33

Protemp Garant has been modified and marketed as Pro-
temp 3 Garant. The modifications include a newly developed
monomer system, not with the rigid intermediate chain char-
acteristic of some bis-acryl homologues, but with a somewhat
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more flexible chain than other synthetic resins. This attribute
allows a balance between high mechanical strength and limited
elasticity of the composite material. According to the manufac-
turer, the result is a material that withstands high stresses until
fracture and that can tolerate brief deformation.11

During the bending test, all Trim specimens were deflected
without breakage, and the maximum force recorded by the
universal testing machine was measured. Others have also sim-
ilarly found that after different storage conditions, Trim spec-
imens failed because of extreme plastic deformation without
fracture.14,15,33

One of the limitations of this study was that there is a weak
correlation between monotonic flexural strength and resistance
to fatigue loading. The fatigue tests are more pertinent than
monotonic flexural strength, so flexural strength data alone may
be insufficient to provide relevant information for long-term
clinical performance.17

Finally, it should be mentioned that flexural strength is only
one of a number of factors influencing the success of an interim
prosthesis. A strong material may possess other less desirable
characteristics. For example, a restorative material may be dif-
ficult to manipulate, have tendency to stain easily, lack pol-
ishability, or not be esthetically pleasing.11 The clinician must
be aware of all attributes of various materials and choose the
interim material appropriate for each patient.

Conclusion
Within the limitations of this study, it can be concluded that
bis-acryl interim materials exhibit higher flexural strength than
the monomethacrylate resins for interim prostheses, and these
higher values should be considered when making interim fixed
prostheses, especially when planning long-term use or long-
span FPDs. There are many other properties, not tested in this
experiment, which are equally important in determining the
choice of material to use.
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