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ABSTRACT
Purpose: The goal of this investigation was to characterize the compliance properties in selected
polymers used for temporary (provisional crown and bridge) applications.
Method: Polymethyl methacrylate (PMMA)- and polyethyl methacrylate (PEMA)-based JET and
TRIM II were investigated along with two bisacryl composite resins (LUXATEMP and PROTEMP 3
GARANT). Rectangular samples of the resins were subjected to creep–recovery tests in a dynamic
mechanical analyzer at and near the oral temperature (27 �C, 37 �C and 47 �C). The instantaneous
(elastic), and time-dependent viscoelastic, and viscoplastic compliance profiles of the materials
were determined and analyzed as a function of materials and temperature.
Results: Highly significant (p¼ .0001) differences among means of elastic, viscoelastic and visco-
plastic compliance values were found as a function of materials. TRIM II showed an order of
magnitude higher viscoplastic deformation than the other three materials (LUXATEMP, PROTEMP
3 GARANT and JET).
Conclusions: The results indicate that PEMA is susceptible to significantly greater elastic, visco-
elastic, and more importantly to viscoplastic compliant behavior compared with bisacryl compos-
ite and PMMA provisional crown and bridge materials. This indicates high-dimensional instability
and poor stiffness and resiliency in PEMA appliances vis-�a-vis those of PMMA and bisacryl
composites.
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1. Introduction

A provisional prosthesis is used as an interim restor-
ation in clinical dental practice before a permanent
prosthesis is placed. Typically, the use of these appli-
ances is limited to several weeks. However, there are
many situations, such as in implant dentistry, where
the temporary prosthesis may function for substan-
tially longer waiting period before the permanent
prosthesis is placed. In addition, the prosthesis in
high stress sites and long pontic segments can throw
up additional challenges even for short-term use. For
this reason, the medium- to longer- term environ-
mental, chemical, mechanical and esthetic stability of
the prosthesis in the oral environment becomes an
important consideration. The properties of provisional
materials for crown and bridge application have been
investigated by several authors. Some of these investi-
gations covered selected mechanical properties.[1–14]

Others have studied monomer conversion,[15] micro-
structures,[16] marginal adaptation,[17] color stabil-
ity,[17,18] surface roughness [19], etc. Although these
mechanical, esthetic and other properties are
extremely important, the clinical performance of pro-
visional materials also depends on their dimensional
and functional durability under stress during mastica-
tion. A recent study has shown that these materials
may undergo significant time-dependent deformation
under stress.[20] Dimensional stability of polymeric
materials is critically important in clinical function
and can be studied through static and dynamic
deformation response during stress application.
Creep and stress relaxation are two important time-
dependent properties under static loading. The stress
relaxation behavior in temporization materials was
previously reported.[21] This study is focused on the
elastic, viscoelastic and viscoplastic deformation
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behavior of selected provisional materials during cree-
p–recovery tests. Creep is the time-dependent change
in strain under constant stress, and creep experiments
typically measure dimensional change as a function of
time at a pre-selected stress. The deformation at each
time point is expressed by a parameter called compli-
ance (J) by estimating the ratio of strain at any given
time {i.e. e(t)} to the initial and constant stress (ro)
applied during the period of creep measurement, i.e.
Compliance J(t)¼ e(t)/ro. Compliance has units of
(M2/N), i.e. strain resulting from application of unit
stress over a time interval.

Figure 1 illustrates a typical strain versus time
curve in a polymer creep–recovery experiment, and
consists of an instantaneous strain {or elastic deform-
ation, ec(0)} on loading and additional delayed time-
dependent strain (creep deformation) during stress
application. On unloading at point U, there is also an
instantaneous recovery of elastic portion of the strain,
and a subsequent partial delayed time-dependent
recovery. However, a permanent residual strain (visco-
plastic flow) typically remains after allowing the
recovery to reach a steady state. The ratio of the
instantaneous deformation {ec(0)} to the applied con-
stant stress ro measures the elastic compliance, i.e.
J(0)¼ ec(0)/ro. The elastic compliance is fully recover-
able instantly on load removal. The measured overall
or total compliance ec(t)/ro at any point in time of
creep deformation is the sum of elastic compliance

above and time-dependent compliance changes under
constant stress at time t. However, time-dependent
compliance is itself associated with two types of
deformation, namely a recoverable (viscoelastic) and
non-recoverable (viscoplastic) deformation during a
stress application segment in a creep–recovery experi-
ment. Time-dependent viscoelastic and viscoplastic
contributions to overall deformation (i.e. creep) occur
simultaneously during stress application over a
selected time interval. A recovery segment after
unloading helps to conveniently estimate the time-
dependent recoverable and non-recoverable portions
of creep deformation. These estimates can be used to
define an empirical but practically useful separation of
compliance to recoverable and non-recoverable com-
pliance values corresponding to each time point. The
experimental parameters used to separate the recover-
able and non-recoverable compliance values from
total measured deformation at each time point are
also shown in Figure 1. The total compliance at time t
is given by

TCðtÞ¼ fecð0Þ=ro þ erecðtÞ=rogþenrecðtÞ=ro (1)

The first term within the curly brackets on the
right is the total recovered compliance, which includes
both elastic compliance (EC) given by (ec(0)/ro) and
(time-dependent) recovered creep compliance {erec(t)/
ro} designated as viscoelastic creep compliance
{VECC(t)} The total recovered compliance TRC(t)
can be calculated from the difference between the
strain at the time of unloading and the strain at time
t in the recovery curve, i.e. {eu�er(t)}/ro, where eu is
the strain at the time of unloading and er(t) is the
strain in the recovery curve at time t. The recovered
elastic compliance is obtained from the instantaneous
recovery of strain after unloading, i.e. {eu�er(0)}/ro.
VECC(t) is the difference between TRC(t) and
recovered elastic compliance above, i.e.
[{eu�er(t)}� {eu�e(0)}]/ro or {er(0)�er(t)}/ro. The
last term in Equation (1) enrec(t)/ ro is the non-
recoverable creep compliance at time t {designated as
viscoplastic creep compliance VPCC(t)} and is given
by the difference between the total compliance at time
t and the total recovered compliance TRC(t) at time t,
i.e. VPCC(t)¼ [ec(t)� {eu�er(t)}]/ro.Thus, the total
compliance {TC(t)}, the elastic compliance (EC), the
viscoelastic creep compliance {VECC(t)} and visco-
plastic creep compliance {VPCC(t)} are readily esti-
mated from the parameters identified in
creep–recovery curve shown in Figure 1.

EC and VECC do not contribute to permanent
dimensional change because the dimensional changes
are reversed after unloading. VPCC portion is not
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Figure 1. Typical strain profile in a creep–recovery test and
calculation of different compliance contributions from the
strain profile using the designated values defined in the figure:
(a) elastic compliance (EC) ¼ ec(0)/ro, (b) total compliance at
time t ¼ ec(t)/ro, (c) viscoelastic compliance (VECC)¼total
recovered compliance at time t � recovered elastic compliance
¼ {eu�er(t)� (eu�er(0)}/ro¼ {er(0) �er(t)}/ro and (d) visco-
plastic compliance (VPCC)¼ total compliance at time t in creep
curve� total recovered compliance at time t in recovery
curve¼ {ec(t)� (eu�er(t)}/ro.
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reversible and is associated with permanent dimen-
sional change. It is, therefore, important to experi-
mentally separate total compliance TC(t) into EC,
VECC(t) and VPCC(t) to fully characterize the creep
effects to dimensional instability of polymers used in
restorative applications.

The objective in this study was to determine and
analyze EC, VECC(t) and VPCC(t) contributions to
the TC(t) in selected materials used for provisional
restorations. The null hypothesis is that different pro-
visional restorative materials evaluated are not signifi-
cantly different in their EC, VECC and VPCC
contributions. Since differences in these compliance
values may lead to differences in permanent dimen-
sional changes during stress application, there will be
changes in the geometry and occlusion of the restora-
tions under applied stress with time (and the conse-
quent changes in stress distribution differences).
These results may significantly compromise the func-
tion and durability of the restoration, especially when
the temporary prosthesis has to function for inter-
mediate or longer term durations in specific treatment
situations.

2. Materials and methods

2.1. Materials

Four different materials were studied in this investiga-
tion. These materials were selected to represent differ-
ent compositional features used in the current
popular provisional crown materials. They included
two mono-methacrylate systems of polymethyl meth-
acrylate (PMMA) and polyethyl methacrylate (PEMA)
and two bisacryl resin-based composite systems.
PMMA has been used over many years because of

low cost, good esthetics (including color stability and
polishability), but it also suffers from disadvantages
such as poor working time, strong odor, high
curing heat and high polymerization shrinkage.
PEMA system was developed as a low cost alternative
to PMMA system to extend the working time and to
reduce heat of cure and shrinkage. More recently,
bisacryl and bisGMA composites with silica or other
filler material have been developed to enhance
strength and to reduce heat of cure, improve mechan-
ical properties, esthetics, etc. The materials evaluated
in this study included two mono-methacrylate
(PMMA-based JET and PEMA-based TRIM II) and
two bisacryl composite materials (LUXATEMP and
PROTEMP 3 GARANT). Table 1 lists the materials
studied in this investigation and includes the material
brand name, ID code, supplier name, specified list of
ingredients and the mixing method for the ingredients
along with the type of curing used to prepare the
specimens for the tests.

2.2. Method

Rectangular samples of 45� 20� 2mm were prepared
in a stainless steel mold. Manufacturer recommended
procedures were used in preparing the samples. The
manual mix powder-liquid self-cure materials (JET
and TRM) were mixed as per manufacturer instruc-
tions and placed into the mold and allowed to cure
for 15min. The dual-cure auto-mix composite materi-
als (PRO and LXT) were injected from their Auto-
Mix Dispenser to fill the mold, leveled and self-cured.
After curing for 30min, excess flash was trimmed off
and the specimens were stored in a humidity chamber
at 37 �C for 24 h before testing. Flexural compliance is

Table 1. Materials.

Brand Brand
(code) (Code) SupplierSupplier Compositional type

Dispensing and cure type
Dispensing and Cure type

Resin ingredients listed by
product manufacturer Resin
ingredients listed by product

Manufacturer

TRIM II (TRM) Bosworth, Skokie, IL Acrylic resin, (mono-
methacrylate)

Manual mix, self-cure Polyethyl methacrylate
(powder) and isobutyl
methacrylate monomer
(liquid)

JET (JET) Lang Dental Mfg, Wheeling, IL Acrylic resin
(mono-methacrylate)

Manual mix, self-cure Polymethyl methacrylate
(powder) and methyl meth-
acrylate monomer (liquid)

Luxatemp (LXT) DMG America, Englewood, NJ Bisacyl composite, dimethacry-
late resin system

Automix, self-cure Base catalyst system, contains
urethane dimethacrylate,
aromatic dimethacrylate,
glycol dimethacrylate, filler,
curing agents

PROTEMP 3
GARANT (PRO)

3M ESPE, St. Paul MN Bisacryl composite. dimetha-
crylate resin (with a flexible
core)

Automix, self-cure Base catalyst system, contains
dimethacrylate resins, filler,
curing agents and other
additives
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clinically most relevant for crowns and bridges under
masticatory stress, and flexural creep compliance is
also known to be somewhat lower than tensile creep
compliance in polymers.[22]. Therefore, flexural creep
experiments were performed under dual cantilever
flexural loading in a TA Instruments (New Castle,
DE) dynamic mechanical analyzer (DMA) model
2980, using TA Advantage instrument Control
Program. Figure 2 shows the sample placed in the
clamp for experimental measurement. The sample is
fixed at the ends by the stationary clamps at its two
ends and subjected to flexural deformation by the
middle movable clamp under a constant applied load.
The use of dual cantilever clamp is similar to three-
point bending except that the ends of the sample are
fixed. This type of clamp is especially useful in appli-
cations where the samples are likely to bend signifi-
cantly under static stress, as is the case in TRM
samples that were included in this study. However,
the use of the clamp also necessitates empirical cor-
rections to eliminate errors due to the failure of any
assumptions in the model equations set up for calcu-
lations, as indicated below.

The amplitude of deformation d is measured in the
test along with the applied load. The following equa-
tions are used to calculate maximum stress and strain
data from the applied load and the measured ampli-
tude of deformation, respectively:

rx ¼ 3PL
wt2

; and ex ¼ 3dtFc
L 1þ 12

5 ð1þ vÞ� �
t
L

2Þ � :

where rx is the stress, ex is the strain, P is the ½ the
applied load, d is the measured amplitude of deform-
ation, t is the sample thickness, L is the sample length,
w is the sample width and Fc is a pre-determined
clamping correction factor, as explained below.

The uncorrected equation for strain calculations in
the dual cantilever test does not include the correction

factor Fc. The equation is derived on the assumption
that the strain in the sample ends where the sample
enters the clamp, and this assumption is not realized
in practice in cantilever loading. Consequently some
error will be introduced in the strain and other
parameters that include strain (e.g. compliance or
modulus) directly calculated from data using the
uncorrected equation for strain. This is different from
a flexural test using a three point bending test in the
DMA, where the local deformation of the sample at
the end points of support can be assumed to be negli-
gible. Fortunately, this can be corrected by a carefully
pre-determined correction factor. This correction fac-

tor is empirically determined by the relation Fc ¼ Ks
K ;

where Ks is the known flexural stiffness for a sample
and K is the measured stiffness using the dual canti-
lever method. The measured stiffness uses the uncor-
rected model equation for stiffness given by
K ¼ 24E:I

L3 1þ12
5 : 1þvð Þ: t

Lð Þ2
� � ; where I is the sample moment

of inertia given by I ¼ W:I3
12 : The ratio of the known

stiffness to the measured sample stiffness is used as a
correction factor Fc. A model equation for the correc-
tion factor relating it to sample dimensions L and t,
and some numerical constants have been derived for
the dual cantilever camp used in the TA Instruments
DMA using finite element analysis from experimental
data involving a number of sample materials and geo-
metries (Application note on Calculations based
on Clamp type: Dual cantilever Clamp, TA
Instruments DMA Manual). This equation is given by
the following:

Fc ¼ 0:7616� 0:02713�
ffiffiffiffiffiffiffiffiffiffi
L
t

� �s
þ 0:1083

L
t

� �
:

Thus the strain and compliance determination in the
study used a validated empirical clamp correction fac-
tor to ensure the accuracy of the calculated strain and
compliance data. All calculated strain and compliance
data reported are corrected values.

Creep–recovery curves were run at 27 �C, 37 �C
and 47 �C to simulate the creep behavior near the
ambient oral temperature. Both creep and recovery
segments were run for 60min each. All experiments
were run with a span length of 35mm between the
end clamps. Amplitude of deformation, %strain, total
compliance and recoverable compliance data were col-
lected by TA Instruments Thermal Advantage
Program and plotted from the data spread sheet using
Microsoft Excel (Version 2010). A sample size of
N¼ 6 was used, and this corresponded to 90% power
based on the power analysis of data from

Rectangular
sample

Fixed clamp
(right)

Fixed clamp
(le�)

Movable
middle clamp

Figure 2. Illustration of the dual cantilever clamp with a sam-
ple placed in the clamp for flexural deformation. The sample is
fixed at the ends by the right and left clamps, and deformed in
flexure by the movable middle clamp.
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research results we reported previously (American
association of Dental Research Annual Session presen-
tation # 1991, 2001). All tests were done under a
pre-optimized constant stress level of 3MPa. The
stress level of 3MPa was selected based on our trial
experiments. The flexural strength (MPa) values for
PMMA-, PEMA- and bis(acryl) provisional crown and
bridge materials at 23 �C have been reported as
approximately 57, 40 and 100MPa, respectively,[23]
but the corresponding values near 37 �C will be lower.
The stress level of 3MPa was selected by trial experi-
ments to maintain the load and amplitude of deform-
ation within the specified limits of the instrument
(load�18 N, amplitude�1mm for the DMA) for all
materials tested in the study.

3. Results

Figure 3 shows typical creep–recovery %strain profiles
(as a function of time and temperature) of the differ-
ent provisional crown materials studied in this investi-
gation. The 60-min % strain values during creep
range from a low of 0.19% at 27 �C for PRO to as
high as 10.43% at 47 �C for TRM. While there are
limited differences between the profiles of JET, LXT
and PRO, the % strain values in TRM were at least an
order of magnitude higher (over the entire range of
values at each temperature) than those of the rest of
the materials. Figure 4 is a macro-photograph of the
post-test appearance of the samples after

creep–recovery tests and indicated visual sample dis-
tortion effects only in the TRM samples. Thus, dis-
placement profiles and post-test sample appearance
strongly indicate significant dimensional instability in
TRM after a limited creep–recovery test sequence
near the oral temperature.

Figure 5 shows typical total compliance (TC) pro-
files of all materials as a function of time at 37 �C.
Significant differences are readily apparent in the
compliance profiles, with TRM again as a standout
difference from the rest with an order of magnitude
difference in the TC across the entire range of time.
The profiles at 27 �C and 47 �C were similar to that of
37 �C. Figures 6 and 7, respectively, show VECC and
VPCC profiles as a function of time at 37 �C for dif-
ferent materials. Both VECC and VPCC profiles also
show major differences between TRM and other
materials. Mean values of EC, 60-min VECC and
VPCC values were also estimated, and Figure 8 shows
a bar graph of the respective values as a function of
both materials and temperatures studied. The range of
compliance means (lm2/N) and (SD) at 27, 37 and
47 �C, respectively, were (EC) Jet: 515.8 (36.3), 584.0
(55.4), 674.3 (53.3); LXT: 594.5 (86.7), 795.0 (146.7),
1032.2 (189.7); PRO: 625.7 (65.9), 808.7 (88.0), 1212.7
(142.9); TRM: 1858.0 (346.6), 2127.5 (639.8), 4031.0
(1241.4); (VECC60min) JET: 324.5 (34.7), 302.3 (61.6),
518.5 (55.5); LXT: 558.8 (165.4), 656.6 (148.3), 1073.2
(285.4); PRO: 441.7 (119.3), 691.2 (126.7), 1318.0
(202.8); TRM: 2922.2 (324.6), 7685.2 (1636.1),
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Figure 3. Typical examples of creep–recovery curves in (a) JET, (b) PRO, (c) LXT and (d) TRM. Note the maximum (10%) strain in
TRS as compared with<1% in JET, PRO and LXT. Note also differences in scales used to accommodate the large strain values
in TRM.
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27,130.3 (3608.8); (VPCC60min) JET: 73.2 (79.6), 155.3
(57.9), 992.7 (298.2); LXT: 252.2 (48.3), 331.3 (84.0),
862.8 (102.9); PRO: 170.0 (92.0), 327.8 (55.3), 959.5
(483.3); TRM: 9755.8 (1349.0), 14,210.8 (1401.8),
4687.2 (1363.4). Two-way ANOVA and follow-up
multiple comparisons by Tukey HSD tests were used
to characterize the significant differences between EC,
60-min VECC and VPCC means as a function of
material, temperature and material–temperature inter-
actions. Consolidated summary of ANOVA results
(Table 2) for TC60min, EC, VECC60min, VPCC60min

showed highly significant differences in all compliance
parameters among materials, temperature and mater-
ial-temperature interactions (p< .0001). In addition,
Tukey contrast in Table 3 shows that TRM means for
EC, VECC600min and VPCC600min are relatively very
high, and significantly different (p< .0001) from all
other formulations. At 37 �C, TRM had the highest
VPCC mean (lm2/N) of 14211 and can be compared
with that of JET mean (155.3).

4. Discussion of results

ANOVA of the compliance data in this study resulted
in the rejection of our null hypothesis of no difference
between materials. Statistically highly significant dif-
ferences (p< .0001) among TC, EC, VECC60min and

VPCC60min means were identified among different
materials studied (see Table 2). Tukey contrasts in
Table 3 also illustrate the highly significant differences
between TRM and other materials. The main effect of
temperature as well as the material–temperature inter-
action effect on all three compliance means was also
highly significant (p< .0001).

Compliance is important from a practical and clin-
ical point of view. Compliance is a measure of the

Figure 4. Post-test appearance of specimens. Note the visually detectable macroscopic deformation in TRM, but not in other
materials.
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Figure 5. Example of total compliance (TC) variation as a func-
tion of time. Note the large difference in TC between TR and
other formulations.
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ability of a material to deform under unit applied
stress. However, different types of deformation
are typically observed in polymers under stress.
The differences in the types and extent of each type
of deformation in different materials may profoundly
influence their failure modes and tendencies. Elastic
and recoverable viscoelastic deformations are energy
storage processes. Since energy is stored without loss
during the deformation, elastic and recoverable visco-
elastic compliance is useful to manipulate materials
during clinical placement or adjustment by limited
deformation which is recoverable and causes no per-
manent dimensional change. Unfortunately, stored

elastic energy above a critical energy level is also the
source of fracture propagation under stress, and is
responsible for brittle failure in materials. When a
material has a very high elastic modulus with no abil-
ity to delay stress build up through viscoelastic
deformation and/or dissipate stress through viscoplas-
tic deformation, the material is typically brittle and
tends to build up the stored energy rapidly on stress
application. This promotes stress concentration at
crack fronts of pre-existing flaws above the critical
value needed for their propagation. On the contrary,
too high an elastic compliance may result in low stiff-
ness that is contra-indicated for masticatory function.
Therefore, only an optimum level of elastic or recov-
erable viscoelastic compliance in an appliance is use-
ful. Limited localized non-recoverable viscoplastic
deformation at highly stressed crack fronts may
potentially help in lowering the stress concentration at
these sites by the energy used up for such deform-
ation at these high stress points. Such limited local
deformation may help delay or prevent fracture and
catastrophic failure. However, excessive non-recover-
able viscoplastic compliance at even low stress levels
used in this study may lead to significant dimensional
instability in the bulk of the material during long-
term clinical function. Such deformation of the restor-
ation can lead to significant changes in occlusion and
stress distribution conditions, leading to restoration
failure as well as risk of periodontium trauma. Thus
the tradeoffs needed for optimum compliance param-
eters for improved durability of an interim prosthesis
indicate that it should ideally possess moderate elastic
and recoverable compliance and very limited or no
non-recoverable compliance.

Our results indicate that three of the four materials
(LXT, PRO and JET) studied demonstrated moderate
elastic and viscoelastic compliance with relatively low-
viscoplastic compliance and better dimensional stabil-
ity. Only TRM showed significantly larger values of
all compliance contributions and visual sample distor-
tion after the experiments were completed. The %
resilience (arbitrarily defined as the ratio of total
recovered compliance after 60min recovery to the
total compliance after 60-min creep) at 37 �C varied
as follows: JET: 85.5 (4.23), LXT: 81.3 (2.1); PRO: 81.4
(2.6), TRM: 37.3 (8.2). At the oral temperature, TRM
demonstrated poor resilience vis-�a-vis LXT, PRO
and JET.

In a previous report, Pae et al. [20] also reported
dimensional differences in their experiments involving
bisacryl composites and mono-methacrylate resins.
However, these authors concluded that mono-
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Figure 6. Example of viscoelastic creep compliance as a func-
tion time {VECC(t)}. Note the large difference in VECC values
between TR and other formulations.
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Figure 7. Example of viscoplastic creep compliance as a func-
tion of time {VPCC(t)}. Note the large difference in VPCC values
between TR and other formulations.
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methacrylate formulations are highly dimensionally
unstable when compared with the composite formula-
tions. Our results and analysis indicate that different
mono-methacrylate resin systems may differ from
each other in their deformation behavior depending
on their structure. Mono-methacrylate PMMA resin
system JET is actually one of the more dimensionally
stable resin systems at 37 �C under the stress levels we
used, although it may have other limitations. The
other mono-methacrylate PEMA system TRM is, how-
ever, dimensionally highly unstable under stress used
in the study, as also reported by Pae et al. It is well
recognized in the literature that flexible alkyl side
chains in a polymer backbone may significantly influ-
ence the plasticity of the polymer through lowering of
Tg, the glass transition temperature.[24] The increas-
ing chain length of aliphatic groups has also been
reported to decrease the glass transition temperature
of methacrylate polymers. In TRM, the glass transition
temperatures of poly-isobutyl methacrylate from the
isobutyl monomer liquid and polyethyl methacrylate
of the PEMA powder both have low glass transition
temperatures (53 �C and 65 �C, respectively [24,25]).
The glass transition temperature of PMMA is known
to be 105 �C.[24,25] High compliance values of TRM
vis-�a-vis JET are in accordance with the significant
difference in the glass transition temperatures between
PMMA and PEMA systems used in JET and TRM,
respectively. The higher compliance (mean) values of
TRM vis-�a-vis JET are also in accordance with its
lower flexural strength (40MPa) compared with that
of JET (57MPa). The presence of filler in Bis(acryl)
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Figure 8. Bar graphs showing means and (SDs) illustrating differences between compliance contributions as a function of materi-
als and temperature. (a) TC, (b) EC, (c) VECC60min and (d) VPCC60min. Note that for better clarity, the compliance scale used for dif-
ferent bar graphs are not identical due to large differences in the compliance values. Note also the large difference in all
compliance parameters between TR and other formulations.

Table 2. Consolidated summary of ANOVA results for TC, EC,
RCC60min and NRCC60min significant differences.
Source Df p

Material (M) 3 <.0001
Temperature (t) 2 <.0001
M�T 6 <.0001
Model 11 <.0001
Error 60
C (total) 71

Table 3. Statistical analysis: Tukey contrasts.
(a) Tukey contrast of compliance LS means: materials effectsa.
Material Elastic Recoverable Non-recoverable

TRM 2672.2 12,582.6 9551.1
PRO 902.3 816.9 485.8
LXT 807.2 762.7 462.1
JET 591.4 381.8 407.1

(b) Tukey contrast of compliance LS means:temperature
effects a.
T (

�
C) Elastic Recoverable Non-recoverable

47 1737.5 7510.0 1875.4
37 1078.8 2333.8 2562.8
27 913.5 1064.3 3756.3

(c) Tukey contrast of compliance LS means: interactive
effectsa.
M�T Elastic Recoverable Non-recoverable

TRM,47 4031.0 27,133.3 4687.2
TRM,37 2127.5 7685.2 14,210.8
TRM,27 1858.0 2932.2 9555.7
PRO,47 1212.7 1318.0 992.6
LXT,47 1032.2 1073.2 959.5
PRO,37 808.7 691.2 862.8
LXT,37 795.0 656.7 331.3
PRO,27 685.7 558.8 327.8
JET,47 674.3 518.5 252.2
LXT,27 594.5 441.7 170.0
JET,37 584.0 324.5 155.3
JET,27 515.8 302.3 73.2
aLS Means not connected by the same line are significantly different.
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resins make it difficult to compare them against TRM
or JET because of the significant effect of filler contri-
bution to both glass transition temperature and flex-
ural strength.

The breakdown and analysis of recoverable and
non-recoverable compliance properties of biomedical
polymeric materials used in dentistry or medicine are
critically important to assess their dimensional stabil-
ity during clinical function. The separation of compli-
ance to elastic, viscoelastic and viscoplastic
contributions is a very useful approach not only to
understand the mechanisms involved in polymer
mechanical behavior but also to design polymer for-
mulations with a desired mix of deformation
responses ranging from purely elastomeric behavior to
controlled flexible behavior or from a rigid to highly
flexible structure. This has significant implications for
rational development of a wide range of polymeric
biomedical materials such as restorative materials,
impression materials, maxillofacial materials and oph-
thalmic materials.

5. Conclusions

The following are the conclusions based on the study:

1. There were significant differences among elastic,
viscoelastic and viscoplastic contributions to the
overall compliance of different provisional crown
materials, as a function of both material and
temperature.

2. PEMA-based resin TRM II exhibited excessive
dimensional instability with high-viscoplastic
deformation and appears to be unsuitable as an
interim appliance for longer term treatment
situations.

3. The bisacryl composites LXT and PRO, and
PMMA-based JET show significantly better
dimensional accuracy and resiliency, and are,
therefore, preferable in medium to longer term
applications than TRM.

4. Separating compliance to its elastic, recoverable
and non-recoverable contributions is a valuable
approach in not only understanding polymer
behavior under stress but also in rational design
of a polymer to tailor its functional and clinical
performance.
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