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SUMMARY

Objective: The current study aimed to determine
the effect of preheating resin composite to three
different temperatures on the cuspal movement
and gap formation at the tooth/restoration inter-
face. Methods: Fifty extracted, sound human
upper premolars were subjected to standardized
MOD cavity preparations. Five groups of 10 pre-
molars each were restored with either 1) Tetric
Ceram HB, 2) a layer of Tetric Flow followed by
Tetric Ceram HB, 3-5) preheated composite to
37°C, 54°C and 68°C, respectively, using a chair-
side preheating device (Calset thermal assist
unit). Cuspal movement was calculated by meas-
uring the intercuspal distance between the
indexed cusp tips before restoration 5 minutes
and 24 hours after composite curing using a
stereomicroscope. The teeth were sectioned lon-
gitudinally and examined under a stereomicro-
scope connected to a digital camera and image

analysis software to detect gap formation.
Results: Group 2 showed the least cuspal move-
ment at 5 minutes and 24 hours and the highest
gap area, while Groups 4 and 5 showed the high-
est cuspal movement at 5 minutes and 24 hours.
Group 3 had the least gap area. Conclusions:
Preheating resin composite to temperatures
higher than 37°C increases cuspal movement.
The adaptation and gap area of preheated resin
composite to 37°C and 54°C improved, but it did
not change with resin composite preheated to
68°C.

INTRODUCTION

Viscoelastic materials, such as resin composites, exhib-
it decreased viscosity and greater flowability with tem-
perature increase.1-2 This makes them easily applied
and adapted to cavity walls.3-4 Recently, preheating
resin composites with suitable devices has been advo-
cated as a method to reduce paste viscosity, improve
marginal adaptation and monomer conversion and
shorten curing times.5 The temperature at which the
polymerization occurs affects the conversion process
and polymer properties.6-9 Increased temperature
enhances both radical and monomer mobility, resulting
in higher overall conversion and reaction rate.8,10
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Clinical Relevance

The use of preheated resin composite to 37°C may improve adaptation and decrease interfacial
gaps, but when the composite is preheated to higher temperatures, including 54°C and 68°C,
this can cause tooth deformation and subsequently other clinical manifestations.
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The attainment of high conversion values by short
exposure times, as stated by Daronch and others in
2005,5 implies a more rapid polymerization at elevated
temperatures. Such high reaction rates may result in
elevated stress formation and hastens the development
of the vitrification point, proving detrimental to the
resin/tooth interfacial bond.11-12 In addition, resin com-
posites exhibit a six-to-eight times greater thermal
expansion than the surrounding tooth structures;13

polymerization contraction, along with thermal con-
traction, might create high interfacial stresses in pre-
heated composites upon thermal equilibrium, which
affects the marginal adaptation, integrity and seal.14-15

The magnitude of polymerization shrinkage stresses
depends on the material’s composition, stiffness and
flow of the composite, rate of polymerization and
restoration geometry.16 These factors combine and
interact simultaneously in complex ways, translating
polymerization shrinkage into tooth stresses.
Polymerization shrinkage can produce two types of
problems: If the bond between the composite and tooth
structure is less than the force of polymerization
shrinkage, marginal failure and subsequent microleak-
age will occur.17 In contrast, if the adhesive strength
exceeds the contraction stress, there is no detachment,
but the restoration maintains an internal tension that
pulls the walls of the tooth together, reducing the inter-
cuspal distance. The deformation of the tooth is a clini-
cally significant outcome; in addition, it is a reasonable
indicator of other polymerization shrinkage effects as
interface stresses.18 Cuspal deflection may clinically
manifest as changes in occlusion points, followed by
post-operative discomfort, and it may even lead to tooth
fracture.19 However, increased conversion of preheated

composite may also result in enhanced restoration
properties.10

The current study tested the effect of preheating resin
composite to three different temperatures on cuspal
movement and gap formation at the tooth/restoration
interface of upper premolars. The null hypothesis test-
ed was that the preheating of resin composites results
in improved marginal adaptation without increasing
cuspal movement.

METHODS AND MATERIALS

Selection and Standardization of Teeth

Fifty freshly extracted caries-free human upper pre-
molars were selected. The teeth were examined visu-
ally and found to be free from hypoplastic defects or
fractures. They were cleaned with a 70% ethyl alcohol
solution and surface deposits were carefully removed
using a hand scaler. The teeth were kept in saline at
room temperature (23°C±2) until use.

In an attempt to standardize the dimensions of the
maxillary premolars, the maximum bucco-palatal
widths were measured using a digital caliper
(Mitutoyo, Digimatic Caliper, Mitutoyo Corporation,
Tokyo, Japan) with an accuracy of ± 0.02 mm. These
dimensions were used to distribute the teeth into five
groups of 10 teeth each, so that the mean bucco-palatal
widths of each group differed by no more than 5%.

Cavity and Indentation Preparation

Large standardized MOD slot cavities were prepared
in teeth using a high-speed handpiece, a carbide
inverted cone bur #012 ISO 500 314 and a carbide
plain fissure bur #010 ISO 500 314 with air/water
spray coolant. The preparations were centered
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Material Description Composition Manufacturer
(Lot #)

Tetric Ceram Hybrid composite Monomer matrix: Bis-GMA, Urethane dimethacrylate Ivoclar Vivadent
HB ShadeA3.5 decandiol dimethacrylate (19 wt%) (G00101)

Inorganic fillers: Barium glass, Ba-Al-fluorosilicate
glass, ytterbium trifluoride, highly dispersed silicon
dioxide and spheroid mixed oxide (81 wt%). The particle
size ranges from 0.04 µm to 3.0 µm. Additional contents:
Catalysts, stabilizers, and pigments (0.8 wt%).

Total Etch Etchant gel 37% phosphoric acid, thickening agents and pigments. Ivoclar Vivadent
(J09719)

Excite One-bottle adhesive Phosphoric acid acrylate, 2-hydroxyethyl- methacrylate Ivoclar Vivadent
system (HEMA), Bis-GMA, dimethacrylate, silicon dioxide, (J00987)

initiators and stabilizers and alcohol.

Tetric Flow Flowable composite Monomer matrix: Bis-GMA, Urethane dimethacrylate Ivoclar Vivadent
ShadeA3 and triethylene glycol dimethacrylate (G00128)

Inorganic fillers: Barium glass, ytterbium triflouride,
Ba-Al-fluorosilicate glass, highly dispersed silicon dioxide
and spheroid mixed oxide. The total content of inorganic
fillers is 68.1 wt%. The particle size ranges from 0.04 µm
to 3.0 µm. Additional contents: Catalysts, stabilizers,
and pigments (0.4 wt%).

Table 1: Materials Used in This Study

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-09-01 via free access



between the buccal and palatal cusps to preserve the
maximum dentinal support of both cusps. The width
of the cavity was 3.5 mm bucco-palatally, and the
depth of the pulpal floor was 4 mm from the palatal
cusp tip. The buccal and palatal walls were prepared
parallel to each other to ensure consistency in cavity
preparation. The digital caliper was used again to
make sure that the bucco-palatal widths of all cavities
were 3.5 mm, and a marked fissure bur at a distance
of 4 mm from its end was used to check the depth of
the cavities.

To index the cusp tips, two small sharp indentations
were made on the buccal and palatal cusp tips using
diamond cylindrical fissure bur #08 ISO 804 314 in a
high speed handpiece with coolant. These small
indentations were used as reference points for meas-
uring the intercuspal distance. To standardize the
depth of the indentations, they were checked with a
marked fissure bur at a distance of 0.5 mm from its
end. The teeth were examined under a stereomicro-
scope to assure that if cracking occurred during prepa-
ration of the indentations, the teeth that showed
cracks were discarded.

Grouping of Teeth

The teeth were divided into five groups of 10 each. The
materials used in the current study are presented in
Table 1. In Group 1, the cavities were restored with
Tetric Ceram HB at room temperature (23°C±2). In
Group 2, a layer of Tetric Flow was placed as a liner
on the floor, followed by Tetric Ceram HB. For Groups
1 and 2, the composite was left for three hours after
taking it out of the refrigerator and before placing it
in the cavity. In Groups 3, 4 and 5, Tetric Ceram HB
was preheated to 37°C, 54°C and 68°C, respectively,
before application.

Teeth Restoration and Cuspal Movement
Measurement

A U-shaped metallic mold was specially constructed to
hold the teeth in position perpendicular to the focal
plane of the microscope during cuspal movement
measurement as shown in Figure 1. Two small screws
were projected from both sides of the mold to fix the
tooth in the same place each time. In Group 1, the cav-
ities were etched using 37% phosphoric acid for 15 sec-
onds, then rinsed and gently air-dried. Excite Single
Bond was activated, and one coat was applied with a
microbrush and a light scrubbing motion to the enam-
el and dentin walls. It was gently air dried and cured
for 20 seconds using a light-curing unit (Heliolux II,
Vivadent, Schaan, Liechtenstein). The cavities were
restored at room temperature with Tetric Ceram com-
posite that was placed in two equal oblique incre-
ments and each was cured for 40 seconds. The occlusal
surfaces were carved to restore normal anatomy. No
matrix was used to avoid any tension on the cusps.

The same steps were followed in Group 2, but after
curing the bonding agent, a layer of flowable composite
was placed as a liner on the floor and cured first. The
thickness of the liner was about 1 mm, and for stan-
dardization, each tooth was weighed before and after
the liner application to keep constant the weight of the
liner (1 mg approximately). In Groups 3, 4 and 5, the
same steps were followed as in Group 1, except that the
composite was preheated before application to 37°C,
54°C and 68°C, respectively, with a chairside preheat-
ing device (Calset thermal assist unit, AdDent Inc,
Danbury, CT, USA).

Warming the compule in the Calset unit took about 10
minutes. Once the desired temperature was reached,
the heated compule was loaded into the syringe gun
and the composite was applied in two increments into
the cavity, where each increment was cured for 40 sec-
onds. The compule was then returned to the Calset unit
after application of the first increment to avoid temper-
ature loss during curing of the first increment.

Cuspal movement was calculated at room tempera-
ture for each tooth by measuring the intercuspal dis-
tance between the indexed cusp tips using a stereomi-
croscope (Olympus-SZ-PT, Japan) with a 6.7x magnifi-
catio,. Special computer software was used (Image J
1.34, NIH, USA), to draw two lines tangential to the
indentations on the computer screen; the distance
between the two lines was measured before tooth
restoration and five minutes after applying and curing
the composite as shown in Figure 2. The cuspal move-
ment was calculated from the difference between the
two measurements. The teeth were then kept in water
at room temperature for 24 hours and the distance
between the cusp tips was measured again. This third
measurement was done to determine the degree of
stress relaxation in the cusps.

Measurement of Gap Total Surface Area

After completing the cuspal movement measurements,
each tooth was sectioned into two halves longitudinally
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Figure 1. Metallic mold constructed to hold teeth perpendicular to the
focal plane of the microscope during cuspal movement measurement.
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in a bucco-palatal direction using an air water-cooled
7/8-inch diamond disc (Dendia Werk Gmbh, Feldkirch,
Austria) rotating at a low speed of 10.000 rpm (Nouvag
NM 1500 micromotor 230 v/50 Hz). The teeth were then
finished with three ascending grits of Sof-Lex finishing
discs (3M ESPE Dental Products, St Paul, MN, USA)
using the same pressure for five seconds for each grit,
successively. To remove the debris, the teeth were then
swabbed with 99% absolute alcohol. The tooth halves
were placed individually under a stereomicroscope
(Olympus-SZ-PT, Japan) connected to a digital camera
(Olympus DP10, Japan) and a computer with image
analysis software (image ware, Image Jl.41 [NIH,
USA]). Photomicrographs were captured for each tooth-

half. An appropriate threshold that ensures selection of
gaps only, excluding any other non-desired areas, was
selected. The images were processed for color enhance-
ment, brightness and contrast adjustment; they were
then converted into an 8-bit gray scale image. For each
photomicrograph, the gap total surface area was auto-
matically traced and calculated and the data from the
two halves were averaged for each tooth.

Statistical Analysis

One-way analysis of variance (ANOVA) was used to
detect significant differences between groups in cus-
pal movement and gap dimension values. Duncan’s
post-hoc and paired t-tests were used for pairwise
comparisons of cuspal movement results, while the
Tukey’s test was used to separately compare gap area
values between each of the two groups.

RESULTS

Cuspal Movement

The means and standard deviations of cuspal move-
ment at five minutes (difference between the intercus-
pal distance five minutes after light curing and inter-
cuspal distance before restoration) and after 24 hours
from the composite application are shown in Table 2.
One-way analysis of variance showed differences
between groups when (p≤0.05) at 5 minutes and 24
hours from curing. The Duncan’s test showed insignifi-
cant difference between Groups 1 and 3 at 5 minutes
and 24 hours. In addition, there was an insignificant
difference between Groups 4 and 5, where they showed
the highest cuspal movement values at 5 minutes and
24 hours from curing, while Group 2 showed the least
cuspal movement at both time intervals. Table 2 also
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Figure 2. Computer software was used to draw two lines tangential to the
indentations on the computer screen. The distance between the two lines
was measured before tooth restoration, five minutes and 24 hours after
applying and curing the composite.

Group Means (SD) at 5 Minutes Means (SD) at 24 Hours Amount of Relaxation

Group 1 40.4 (3)b 27 (3.5)b` 13

Group 2 28 (4.9)c 17 (3.5)c` 11

Group 3 38 (3)b 29 (3.5)b` 9

Group 4 57 (3.5)a 48 (6)a` 9

Group 5 59 (4.8)a 46 (8.5)a` 13

Means with different superscript letters are statistically different according to Duncan’s test at p≤0.05 at 5 minutes and at 24 hours after curing.

Table 2: Means, Standard Deviations, Amount of Relaxation (µm) and Test of Significance to Compare the 
Cuspal Movement Among the Different Groups

Group Means at 5 Minutes Means at 24 Hours t-value p-value

Group 1 40.4 27 6.417* .0002*

Group 2 28 17 4.044* .0037*

Group 3 38 29 4.340* .0024*

Group 4 57 48 2.889* .0202*

Group 5 59 46 2.982* .0175*
*: Significant at p≤0.05

Table 3: Paired t-test to Compare Between Means (µm) of the Cuspal Movement in Each Group at 5 
Minutes and at 24 Hours After Curing
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shows the amount of relaxation for
each group that revealed no significant
differences. The paired t-test showed
significant differences between cuspal
movement at 5 minutes and 24 hours
for all groups as shown in Table 3.

Gap Total Surface Area

The means and standard deviations of
gap total surface area for the tested
groups are shown in Table 4. One-way
analysis of variance showed differences
between groups when p≤0.05. The high
standard deviation values found in this
table revealed that differences in the cavity geometry
had led to large variations. It was decided to calculate
the linear gap at the pulpal floor, which had the great-
est gap in all samples, to factor out the geometry vari-
able. The Tukey’s test showed statistically significant
difference between Groups 3 and 4 compared to Groups
1, 2 and 5. However, no statistically significant differ-
ences were found between Group 1 and Groups 2 and 5
or between Group 3 and 4.

DISCUSSION

Clinically, polymerization shrinkage of resin composites
may be manifested as enamel fractures, cracked cusps
or cuspal movements, resulting in post-operative pain
and microleakage. The in vitro restoration of posterior
teeth with a bonded composite material generates poly-
merization shrinkage stresses that can be recorded as
tensile strains and displacement of tooth surfaces.20

In the current investigation, the null hypothesis
should be partly rejected, as all the experimental
groups showed a reduction in the intercuspal distance
five minutes after curing, but not all preheated com-
posite groups improved the marginal adaptation. This
reduction suggests that adhesion at the tooth/restora-
tion interface was established and, thus, polymeriza-
tion contraction stresses have been manifested as cus-
pal movement. This was in agreement with Palin and
others.21 The degree of cuspal movement is known to be
directly related to the amount of dental structure lost,
given that the loss causes a reduction in tooth resist-
ance22-23 and requires an increase in the volume of com-
posite required for the filling, thus producing greater
contraction forces.24 The significantly lower cuspal
movement values of Group 2 compared to the other
groups is believed to be due to the lower elastic modu-
lus of the flowable composites, so they act like a cush-
ion, absorbing stresses resulting from polymerization
shrinkage. It can be also explained by the lower cavity
volume to be restored with the hybrid composite, which
has a higher elastic modulus. This came in accordance
with Alomari and others.25 The results of the current
study agree with that of Rooklidge and others,26 who

found that use of a flowable composite liner reduces
cuspal movement by nearly one-third. On the other
hand, Group 2 showed the highest gap total surface
area and linear pulpal gap, which may be attributed to
the high polymerization shrinkage of flowable compos-
ite due to its low filler content.

At elevated temperatures, a more rapid photopoly-
merization occurs. These high reaction rates may lead
to higher stress formation and faster development of
the gel point, providing detrimental effects to the
integrity of the resin/tooth interfacial bond.11,27 This may
explain the significant increase in total gap surface
area and linear pulpal gap of Group 5 (cavities restored
with resin composite preheated to 68°C) compared to
Groups 3 and 4 (cavities restored with resin composite
preheated to 37°C and 54°C). Furthermore, it is expect-
ed that curing composite at a very high temperature,
such as 68°C, would increase the amount of thermal
contraction during cooling. Group 3 showed the least
gap total surface area of all the groups. This may be due
to the increased flowability and decreased viscosity
with higher composite temperature during curing. The
increased cuspal movement in Groups 4 and 5 may
have been the result of two concurrent factors. First, it
is likely that there was a rapid stress buildup within
the composite due to a faster rate of polymerization as
a result of preheating and rapidly achieving the gel
point.12-27 Second, a higher degree of conversion value
due to preheating, leading to an increase in volumetric
shrinkage and elastic modulus of the material,28 con-
tributes to producing higher stresses. Another potential
issue is the effect of thermal shrinkage of the heated
composite as it cools to physiologic temperature, thus,
thermal shrinkage may combine with polymerization
shrinkage to increase stress at the tooth/restoration
interface.1

The insignificant difference in cuspal movement
between Group 1 and Group 3 may be attributed to the
drop in composite temperature upon removal from the
heater in Group 3, which may approach room tempera-
ture. This depends on the quickness of the operator, the
distance between the heat source and the restored tooth
and the accessibility of the tooth preparation as stated
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Group Total Gap Area Linear Puplal Gap

Means (S.D) (µm2) Means (S.D) (µm)

Group 1 114967 (15927)bc 18 (2.2)a

Group 2 174729 (16139)a 22 (3.6)a

Group 3 96664 (7780)c 11 (1.6)b

Group 4 156244 (36672)ab 13 (1.8)b

Group 5 156542 (21599)a 20.5 (1.8)a

Means with different superscript letters are statistically different according to the Tukey’s test at p≤0.05.

Table 4: Means, Standard Deviation Values and Results of the Tukey’s Test for 
Pair Wise Comparison Between Two Groups for the Total Gap Surface 
Area and the Linear Pulpal Gap
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by Knight and others.1 Daronch and others29 reported
that, within two minutes, there was a dramatic loss in
composite temperature after removal from the heater,
where a 50% temperature drop was noted. However,
even if preheated composite cools to 30°C or 40°C, it
still showed significantly less linear pulpal gap than
composites cured at room temperature.

The significant decrease in cuspal movement after 24
hours of water storage can be attributed to the gradual
relaxation of the internal stresses by the hygroscopic
expansion of the composite,24-25,30 thus contributing to
the recovery of the initial situation. The design of the
current study did not allow the author to evaluate the
long-term effects. However, some studies24,31 have
shown that the total or near total recovery of the initial
intercuspal distance is a slow process that may last for
weeks and is never complete in medium and large-sized
restorations. Table 2 also shows that the amount of
relaxation is nearly the same for all groups, regardless
of the amount of shrinkage that originally occurred.
This observation suggests that the materials that
undergo higher shrinkage will function with consider-
ably higher residual stress (non-linear increase).

Cuspal movement measurements have been
employed in the dental literature using bulk filling24 or
1–2 mm horizontal layers across the base of the cavi-
ties.16 These filling techniques minimized cuspal deflec-
tion by constraining the cusps, resulting in an underes-
timation of the deflection expected when one cusp was
not constrained when resin-based composites are incre-
mentally filled. This was avoided in the current study
by applying the composite in two oblique increments. In
addition, standardized cavity design was employed in
previous cuspal deflection studies, but the authors
failed to standardize the size of the teeth, resulting in
variation of the buccal and palatal cusp dimensions
after cavity preparation.16,24,32 In the current study, the
grouping of teeth was done after standardizing tooth
sizes, so they differed by no more than 5%. As a result,
significant differences between groups would show, if
they were present.

In the current study, intercuspal distance was meas-
ured before and five minutes after tooth restoration, as
the properties of light-cured composites continue to
change after irradiation stops.33 The use of a stereomi-
croscope for evaluation of cuspal movement induced by
polymerization shrinkage of tooth-bonded composite
materials has the advantage of being able to assess
tooth deformation without physically contacting the
tooth. Other techniques used for measuring shrinkage
of this nature, such as strain gauges34 and Linear
Variable Differential Transformers (LVDTs),21 rely on
mechanical detection devices. These techniques are less
sensitive in detecting cuspal strain, as detectors are in
contact or are even bonded to the structure undergoing
deformation.

CONCLUSIONS

Under the conditions of the current study, the follow-
ing conclusions can be made:

Preheating resin composite to temperatures higher
than 37°C increases cuspal movement. The adapta-
tion and gap area of preheated resin composite to 37°C
and 54°C improved; however, it did not change when
resin composite was preheated to 68°C. Preheating
resin composite to very high temperatures, such as
68°C, will not improve adaptation and will cause con-
siderable tooth deformation.
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