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A b s t r ac t
Aim: Aim of this study was to assess the thermal changes within the pulp at the time of polymerization of three different adhesive resin materials.
Materials and methods: Sixty human premolar teeth that had been recently extracted for orthodontic reasons and were devoid of dental caries/
flaws were included in this research. Following preparation of the cavities, all 60 samples consisting of 20 premolars in every group, depending
on the adhesive resins that were positioned as were assigned at random to one of the following three groups: Group I: RelyX self‑adhesive resin
cement; Group II: Breeze self-adhesive resin cement; Group III: Pan F self‑etch adhesive resin cement. The temperature changes were calculated
using a thermocouple wire attached to a digital thermometer. The dissimilarities amid the baseline temperature as well as the temperatures at
different time intervals (1, 5, 10, and 15 minutes) were established.
Results: The thermal value was higher at first minute (1.84 ± 0.34) and gradually reduced at 5 minutes (1.36 ± 0.29), 10 minutes (0.62 ± 0.11),
and 15 minutes (0.06 ± 0.03) in RelyX self‑adhesive resin cement. The maximum thermal value was found at the first minute (2.66 ± 0.21) and
gradually reduced at 5 minutes (1.42 ± 0.13), 10 minutes (0.86 ± 0.09), and 15 minutes (0.28 ± 0.01) in Breeze self‑adhesive resin cement. The
higher thermal value was found at the first minute (1.98 ± 0.19) and gradually reduced at 5 minutes (1.49 ± 0.14), 10 minutes (0.76 ± 0.10),
and 15 minutes (0.16 ± 0.09) in Pan F self‑etch adhesive resin cement and there was a statistically significant difference found between various
time points and with all three adhesive resin material groups (p <0.001).
Conclusion: This current research arrived at a conclusion that each of the three adhesive resin substances showed a safe temperature change
within the pulp. However, the lowest heat scores within the pulp were depicted by RelyX self‑adhesive resin in pursuit by Pan F self‑etch adhesive
resin cement as well as the Breeze self-adhesive resin cement in that order.
Clinical significance: The clinical triumph of a restoration is dependent partially on the method of cementation, which is utilized to establish
a connection amid the restoration and the tooth. Temporary and permanent pulp inflammation can be avoided by the decreased temperature
changes in the adhesive resin cement at the time of polymerization.
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Introduction
The core of the teeth is formed by pulpal tissue that comprises live
connective tissue that possesses a susceptible and greatly vascular
composition. Owing to the extremely delicate characteristic of
the pulp, restorations placed clinically in approximation with the
pulp tissue can influence its vitality. Of paramount importance
is the amount of heat produced during a restorative procedure.
Preparation of teeth, heat-producing setting reactions, and any
method employed during a fundamental dental restorative
procedure may effortlessly affect the temperature within the pulp.1
In the dental practice, the substances that are resinous in
nature usually require light curing for polymerization. Such a
procedure results in a rise of temperature due to absorbing
light energy and a heat-releasing resin polymerization reaction.2
The rise of temperature can be potentially harmful to the pulp. Such
unfavorable effects of temperature fluctuations in the pulp have
been concerning for several years.3
Pulpal tissue is specialized and executes its vitality at a particular
temperature range. A permanent pulp damage can occur with the
rise of 5.6°C within the pulp leading to a crucial temperature of
42.5°C. Nevertheless, the temperature threshold holds contentious
amid new research. Certain causes of rise in temperature at the level
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Intrapulpal Thermal Changes with Various Adhesive Resin Materials
of the floor of the cavity are cavity preparation, polymerization of
lining, and restorative substances, in the presence of/devoid of
light-curing procedures.4
The temperature rise as a result of polymerization reactions
may cause temporary/permanent inflammation of pulp and
can also lead to necrosis. In this time-frame, numerous causes
influence heat changes in the pulp. A direct association amid the
concentration of the light source as well as increase in temperature
has been noted. Additionally, a negative association exists among
thermal changes and residual dentinal thickness as well as the
amount of mineralized dentin. Although dentin exhibits little
thermal conductivity, the likelihood for pulpal injury is higher in
the deeper cavities as the surface area of dentinal tubules is more. 5
Thus, the current research was performed to contrast and assess
the heat changes within the pulp at the time of polymerization
of different adhesive resin resources.

M at e r ia l s

and

Methods

Preparation of Samples
This study was performed in the Department of Prosthodontics,
SJM Dental College and Hospital, Chitradurga, India. Sixty human
premolar teeth that had been recently extracted for orthodontic
reasons and were devoid of dental caries/flaws were included in
this research. The premolars were subjected to storage in 0.2%
thymol for a period not exceeding 4 months and then allocated
at random to 3 groups constituting of 20 premolars in all. The
surface debris was cleansed off with the help of an ultrasonic scaler
before the research. The samples were placed in distilled water
at a temperature of 37 ± 1°C to make sure sufficient hydration of
the dental tissues.

Cavity Preparation
A class I cavity was prepared for every sample premolar on the
occlusal surface. The prepared cavity approximately measured
3 mm mesiodistally, 1.5 mm buccolingually, and 2 mm deep.
Following the radiographic assessment, the residual dentinal
thickness amid the pulpal chamber and the cavity floor (occlusally)
was around 1 ± 0.1 mm. A high-speed handpiece as well as a
novel usual grit diamond bur (#842, Komet, Lemgo, Germany)
was employed for preparing the cavity. The bur was subjected
to change following preparation of three cavities.
The radicular portion of teeth was positioned within a
self-polymerizing acrylic plastic base that measured 20 mm in
diameter and 5 mm in height. A vent that provided entry to a
thermocouple wire inside the pulp was made at the mid-portion
of this base. This wire was positioned beneath the pulp chamber
of the tallest pulpal horn, in touch with dentin. To stabilize the
thermocouple wire location and permit the heat conduction from
the dentinal surface, silicone transfer complex was instilled in the
pulpal chamber.
Following preparation of the cavities, all 60 samples consisting
of 20 premolars in every group, depending on the adhesive resins
that were positioned as, were assigned at random to one of the
following three groups:
•
•
•

Group I: RelyX self-adhesive resin cement (U200, 3M ESPE, 3M
Deutschland GmbH, Germany)
Group II: Breeze self-adhesive resin cement (Pentron Clinical
Technologies, Wallingford, USA)
Group III: Pan F self-etch adhesive resin cement (Kuraray Noritake
Dental Inc., Okayama, Japan)
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Source of support: Nil
Conflict of interest: None

Spacers for the resinous cement on dentin in the form of 100-μm
thick, teflon sheets (20 mm × 20 mm) with an aperture in the middle
were employed. The adhesive resin cement was made to adhere to
dentin beneath IPS e.max Press restoration. The resin cement was
light-cured at a distance amid the adhesive resin cement and light
source of 10 mm. All adhesive resin cements were evaluated at
23 ± 2°C and 50 ± 5% relative humidity.

Evaluation of Intrapulpal Thermal Changes
The temperature changes were calculated using a thermocouple
wire attached to a digital thermometer. The emission from a
digital thermometer was fed into a chart tracer. Dissimilarities
amid the baseline temperature and temperatures at different time
intervals (1, 5, 10, and 15 minutes) were established, and the mean
temperature changes were measured.

Statistical Analysis
The statistical assessment was conducted employing the IBM
SPSS software (Version 20.0, IBM, Armonk, NY, USA). The data
were assessed utilizing a one-way analysis of variance (ANOVA)
with significance set at 0.05 pursued by a post hoc comparative
assessment with Tukey’s honest significant difference (HSD) test.

R e s u lts
Table 1 depicts the mean heat changes within the pulp with use
of RelyX self‑adhesive resin cement at the time of polymerization.
The value of the heat change was found to be greater during
the first minute at 1.84 ± 0.34. This eventually decreased at five
minutes with a thermal value of 1.36 ± 0.29, then 0.62 ± 0.11 at
10 minutes and 0.06 ± 0.03 at 15 minutes. The difference amid
the numerous time intervals and the resin cement was noted to
be significant statistically.
Table 2 delineates the mean heat changes within the pulp
with use of Breeze self‑adhesive resin cement at various time
points. The value of the heat change was found to be greatest
during the first minute at 2.66 ± 0.21. This eventually decreased
at 5 minutes with a thermal value of 1.42 ± 0.13, then 0.86 ± 0.09
Table 1: Mean intrapulpal thermal changes of RelyX self-adhesive resin
cement during polymerization process
Adhesive resin cement
RelyX self-adhesive
resin cement

Time points
(min)
1
5
10
15

Mean ± SD
1.84 ± 0.34
1.36 ± 0.29
0.62 ± 0.11
0.06 ± 0.03

F
p
19.317 0.001

Table 2: Mean intrapulpal thermal changes of Breeze self-adhesive resin
cement during polymerization process
Adhesive resin cement
Breeze self-adhesive
resin cement
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Time points
(min)
1
5
10
15

Mean ± SD
2.66 ± 0.21
1.42 ± 0.13
0.86 ± 0.09
0.28 ± 0.01

F
p
24.289 0.001
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Table 3: Mean intrapulpal thermal changes of Pan F: Self-etch adhesive
resin cement during polymerization process
Adhesive resin cement
Pan F: Self-etch
adhesive resin
cement

Time points
(min)
1
5
10
15

Mean ± SD
1.98 ± 0.19
1.49 ± 0.14
0.76 ± 0.10
0.16 ± 0.09

F
p
20.278 0.001

Fig. 1: Intrapulpal thermal changes of all three adhesive resins cement
during polymerization process

at 10 minutes and 0.28 ± 0.01 at 15 minutes. The difference amid
the numerous time intervals and the resin cement was noted to
be significant statistically with p <0.001.
With the use of Pan F self‑etch adhesive resin cement, as noted
in Table 3, the value of the heat change was found to be higher
during the first minute at 1.98 ± 0.19. This eventually decreased at
5 minutes with a thermal value of 1.49 ± 0.14, then 0.76 ± 0.10 at
10 minutes and 0.16 ± 0.09 at 15 minutes. The difference amid the
numerous time intervals and the resin cement was noted to be
significant statistically with p <0.001 (Fig. 1).
During post hoc comparative assessments, there were no
significant differences statistically amid the different adhesive resin
cements with p >0.001.
The inference of the present study indicates that the least
intrapulpal thermal values were showed by RelyX self‑adhesive
resin followed by Pan F self‑etch adhesive resin cement and Breeze
self-adhesive resin cement.

Discussion
Recently, the polymerized restorative substances have been of
concern especially in deep dental cavities because they decrease
the stages needed for applying, and enable filling the cavity using
a lone increment of 4–5 mm, thereby decreasing the dental–chair
side time. The higher closeness of these restorations to the pulp in
deep cavities increases the chances of injury while applying and
curing the material. The temperature increase that happens at the
time of the restoration procedure can be hazardous to the pulp.6
Enhanced temperature within pulp tissue while performing a
restoration can have a possible deleterious effect on the vitality
of a healthy pulp. Numerous sources for such a temperature rise

include preparing a cavity, tooth–bleaching procedure, applying
lasers, dental material polishing as well as polymerizing reactions
in light-cured substances.7
The temperature rise caused by polymerization reaction may
be a result of two chief causes: (a) Heat emitted by the light-cure
unit while causing polymerization of the dental material and (b)
Release of heat during polymerization by the substance itself. The
various other contributory causes include quantity of light emitted
by the light-cure unit, residual dentin depth, restoration substance
constitution, space expanse amid the light-cure unit as well as the
restorative substance, location of the light-cure unit, and duration
of exposure, which may cause temperature changes in the pulp
chamber at the time of polymerization.8,9
Heat has been acknowledged as a chief reason for pulp injury.
Dentin possesses little heat conductivity; yet, for the period
of surplus preparation for restorations, the possibility for pulp
damage is higher owing to more dentin tubule surface area. It has
been noted that the typical human teeth endure temperatures
between –7 and 75°C devoid of injury to the pulp. However, for
the duration of the dental management, the temperatures must
not be more than 42°C.10 Hussey et al.11 arrived at a conclusion
that the pulp tissue can be injured when the temperature rises by
5.4 ± 2. 5°C at some point in adhesive resin substance
polymerization. Nevertheless, Baldissara et al.12 noted that even
a mean rise of 11.2°C has no influence on the pulp.
Nakajima et al.13 hypothesizes that though dentin has
comparatively little heat conductivity, the probability for pulp
injury is anticipated to be larger in deep cavities, as the dentin–
tubule surface area is augmented causing the light reduction
effect to be lesser. Apart from the space among the cavity floor as
well as the pulp, the perfusion pace plus the outcomes of the pulp
vascularity, the amount and movement of dentine tubule fluid and
the neighboring periodontium plays a significant role in thermal
conduction and defense against the increase of pulp temperature.
As per the imitation research on pulp microcirculation performed by
Kodonas et al.,14 applying heat stimuli greatly persuades temperature
increase within the pulp. The result exhibited a 2- or 4 times greater
temperature rise within pulp devoid of water perfusion.
In this research, Pan F exhibited the greatest temperature rise
in pursuit by RelyX at each time interval investigated. Such an
outcome could be attributed to the cementation technique used
in Pan F, application of the primer on the surface of the tooth prior
to light-curing. The Pan F primer is composed of an auto-etching
substance employed in pre-treating the surface of tooth. The
pre-treating tooth surface can alter the dentin to become more
susceptible to heat changes. As heat effects were lesser than 5.5°C
and for a lesser time-period, this temperature rise may not arouse
pulp injury. Also, the RelyX set had the least temperature rise scores.
This dissimilarity can be because of disparate level of conversion
rate of resin or inconsistent magnitude of the resin matrix. These
results are in accordance with the research by Al‑Qudah et al.15 who
found that resin substances that have higher resin filler amount may
lead to lower temperature rise.
The utility of self‑adhesive cement has become popular since
they do not require any operation on the dentinal surface prior to
cementation. Acid‑etching, primer, and bond coating stages have
been eradicated in self‑adhesive resin cement making the process
of cementation quicker/simpler. Moszner et al.16 note that the
adhesive characteristics of self‑adhesive cement is related to the
acidic nature of methacrylate monomer within its configuration.
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The monomer offers demineralization as well as micromechanical
maintenance by infiltrating into dentin.
The limitations of the present study are that it has been
conducted at room temperature in a lab condition, employing a
pulpal microcirculation means devoid of fluid movement in the
dentinal tubules as well as the adjoining periodontium. The nearby
periodontium can additionally encourage thermal convection in
clinical circumstances, restraining the temperature changes within
the pulp. Consequently, additional research is needed to assess the
outcomes of these limitations on the results of our research.

C o n c lu s i o n
This current research arrived at a conclusion that each of the three
adhesive resin substances showed a safe temperature change
within the pulp. However, the lowest heat scores within the pulp
were depicted by RelyX self‑adhesive resin in pursuit by Pan F
self‑etch adhesive resin cement as well as the Breeze self-adhesive
resin cement in that order.
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