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Effect of Dentin Bonding Agent on Intrapulpal Temperature 
during Fabrication of Provisional Restorations by a Direct 
Method: An In Vitro  Study
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Ab s t r Ac t
Aim: To determine the effect of three different provisional restorative materials (PRMs) and application of dentin bonding agent (DBA) on 
intrapulpal temperature rise during fabrication of provisional crowns using a direct method.
Materials and methods: Three PRMs—polymethyl methacrylate resin (PMMA), bis-acrylic resin, and dimethyl methacrylate resin (DMMA)—were 
used in the study. Dentin bonding agent (Single Bond 2, 3M ESPE, Germany) was applied in a single layer or double layer as an insulating material. 
A total of 45 molars were prepared for complete coverage restoration with chamfer finish line and 1.5 mm axial and 2 mm occlusal reduction. 
After application of a single or double layer of DBA, provisional materials were polymerized according to the manufacturer’s instructions. The 
temperature increase inside the pulp chamber was measured with a T-type thermocouple wire. The readings were averaged for each group to 
determine the mean value of temperature rise.
Results: Statistical analysis was performed with analysis of variance (ANOVA) followed by post hoc  Tukey test (a  =  0.05). The temperature rise 
varied according to the provisional restoration material used (PMMA > DMMA > bis-acrylic resin) (p  < 0.001) and the single or double layer of 
DBA (p  < 0.001). Polymethyl methacrylate resin produced a higher intrapulpal temperature.
Conclusion: Application of a double layer of DBA resulted in a significantly lower intrapulpal temperature.
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In t r o d u c t I o n
Provisional restorations can be defined as, “A fixed or removable 
dental prosthesis, or maxillofacial prosthesis, designed to enhance 
esthetics, stabilization and/or function for a limited period of time, 
after which it is to be replaced by a definitive dental or maxillofacial 
prosthesis”.1  Their purposes are stabilization of occlusion, protection 
of the teeth and the periodontal tissues, function and esthetic 
enhancement, and provision of diagnostic information.2  Protection 
of the pulp is one of the principal biological requirements.3 

There are two principal methods of fabricating such restorations, 
direct and indirect, with their own advantages and disadvantages.3  
One of the major disadvantage is exposure of the tooth to the 
restorative material and the heat produced by polymerization of 
the resin. Since the dental pulp is particularly sensitive to elevated 
temperatures, the direct fabrication of provisional restorations can 
damage and traumatize the tooth. Damage from thermal changes 
includes various histopathologic changes of the pulp, such as 
ectopic odontoblasts and their destruction, cellular degeneration, 
burn reactions at the periphery of the pulp including formation 
of blisters, coagulation of protoplasm, expansion of liquid in the 
dentinal tubules, and vascular injuries with generalized or localized 
tissue necrosis, resulting in acute inflammation of pulp, irreversible 
pulpitis, pulp necrosis, and periodontal damage in severe cases.4 

Thus, certain precautionary measures should be taken during 
fabrication of provisional restorations by a direct technique to 
minimize trauma to the pulpal tissue from the exothermic reaction 
of the resins. These include use of air and water coolant,5 , 6  repeated 
removal and replacement of the template, using a matrix material 
that can dissipate heat rapidly7  or the application of desensitizing 
agents that occludes the dentinal tubules.8 

During or after crown preparation, as many as 1–2 million 
dentinal tubules may be exposed, increasing the potential for 
postoperative sensitivity.8 , 9  Desensitizing agents occlude tubules by 
salt precipitation or resin deposition. Thus, if hypersensitivity is due 
to open dentinal tubules at the dentin surface, desensitizing agents 
may help in reducing the number of opened tubules, which in turn 
would reduce dentin hypersensitivity. Dentin adhesive systems, 
which seal the tubules from external stimuli, e.g., hot and cold, may 
prevent hydrodynamic fluid shifts, thereby stopping the stimulation 
of the nerve fibers and the resulting pain.8  Gurbulak et al.  
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reported that the thickness of desensitizing agents affected the 
thermal changes and the double layer was more effective than 
the single layer.8 

The purpose of this in vitro  study was to test the effect of DBA 
when applied as a single or double layer on thermal changes in the 
pulp chamber using a thermocouple during direct fabrication of 
provisional restorations with three different PRMs.

MAt e r I A l s A n d Me t h o d s
The present study is an in vitro  study conducted at the Department 
of Prosthodontics in M. S. Ramaiah Dental College, Bengaluru, 
Karnataka, India. Three PRMs—polymethyl methacrylate resin (DPI, 
Mumbai, India), bis-acrylic resin (Protemp™ 4, 3M ESPE, Germany), 
and dimethyl methacrylate resin (Structure 2 SC, Voco, Germany) 
(Fig. 1)—were investigated in this study. Dentin bonding agent 
(Single Bond 2, 3M ESPE, Germany) was applied in a single or double 
layer as an insulating medium.

Forty-five extracted mandibular molars of average size and 
form were selected and stored in 10% formalin. Teeth extracted 
due to periodontal conditions were used in the study. Teeth with 
attrition and cervical abrasion, former restorations, endodontic 
manipulation, and caries were not used in the study.

The specimens (45) were randomly assigned to three main 
groups according to the provisional material used; 15 teeth were 
included in each group:

Group A—polymethyl methacrylate resin (PMMA).
Group B—bis-acrylic resin.
Group C—dimethyl methacrylate resin (DMMA).
Each group was further divided into 3 subgroups:
Subgroup I (control)—without any insulating medium.
Subgroup II—with a single layer of DBA.
Subgroup III—with a double layer of DBA.
So, the study groups could be summarized as follows:
Group A, with subgroups A1, A2, and A3.
Group B, with subgroups B1, B2, and B3.
Group C, with subgroups C1, C2, and C3.
Forty-five tests for each group were conducted. A total number 

of 135 tests were conducted.
The roots of mandibular molars were sectioned 2–3 mm below 

the cementoenamel junction with a carborundum disc. The pulp 
chamber was then cleansed of organic debris by irrigating with 

distilled water and 3% sodium hypochlorite solution (VIP, Vensons 
India Pvt. Ltd, India), and the remnants of pulp tissue were cleaned 
off. The teeth were secured in a block of autopolymerising resin 
(D.P.I., Mumbai, India). A hole was made to provide entrance for 
the thermocouple wire into the pulpal chamber (Fig. 2). A T-type 
thermocouple probe (Heatcon Sensors Pvt. Ltd. Bengaluru, India) 
was positioned inside the pulp chamber of teeth and silver amalgam 
(DPI alloy, Fine Grain, Mumbai, India) was condensed around the 
thermocouple probe, filling the pulp chamber. Silver amalgam acts 
as a heat-conducting medium from dentin to the thermocouple 
probe.

Mandibular molars were prepared for complete coverage 
restoration with chamfer finish line and 1.5 mm axial and 2 mm 
occlusal reduction. The thermocouple lead was attached to a 
digital thermometer, which records intrapulpal temperature 
variation during temporization (Fig. 3). Each model was brought 
to a constant initial temperature by placing it in a preset water 
bath at 37°C. Once the intrapulpal temperature was stabilized, the 
model was recovered and dried. It was immediately subjected to 
provisionalization.

Each of the 15 samples from group A was subjected to 
provisionalization with the putty index, without DBA application, 
which was the control test (A1). After insertion of the resin-filled 
matrix, the prepared tooth assembly was returned to the water bath 
to rule out the influence of environmental temperature on the test. 
The temperature was recorded using a thermocouple. Temperature 
monitoring was carried out till the resin was completely set 
according to the setting time recommended by the manufacturer, 
and the highest temperature attained was recorded.

After complete polymerization of the resin material, the index 
was removed. Then on the same tooth, a thin layer of DBA was 
applied all over the prepared surface with an applicator tip and 
was light-cured for 10 seconds. Then, the tooth was subjected 
to provisionalization. This was the second test (A2). For the third 
test, another layer of DBA was applied with an applicator tip on 
and was light-cured for 10 seconds. This was then subjected 
to provisionalization by a direct method (A3). The process was 
repeated for the 30 samples in group B and group C.

Since the materials and models were at a preset temperature 
in a water bath initially, any increase in temperature in the pulp 
chamber was attributed to the exothermic reaction of resin 
polymerization transmitted to the pulp chamber containing silver 

Fig. 1: Provisional restorative materials used in the study Fig. 2: Mandibular molars secured in autopolymerizing resin blocks
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amalgam and the thermocouple. Intrapulpal temperature variations 
were recorded, tabulated, and statistically analyzed.

re s u lts
All the description data are presented as mean and standard 
deviation. Analysis of variance (ANOVA) test was used for multiple 
group comparison.

Table 1 presents the intrapulpal temperature variations for three 
provisional materials. The temperature difference was significant 
between the three provisional materials used. The resultant 
temperature was highest among the three subgroups for all the 
three materials (group A—4.247 ± 0.1552, group B—2.273 ± 0.1335, 
and group C—3.747 ± 0.1356).

The results of intragroup comparison (Table 2) showed statis-
tically significant differences between the means of temperature 
rises of resins within each main group when considering means 
in pairs and analyzing these pairs one by one, i.e., on pairwise 
comparison, a statistically significant difference was detected while 
comparing means of temperature rises of resins with or without 
the insulating material. The mean difference in temperature was 
highest when subgroup I (control group) was compared with 
subgroup III (2 layers of DBA) for all the materials and lowest when 
subgroup I (control group) was compared with subgroup II (single 
layer of DBA).

The results of intergroup comparison (Table 3) also showed 
statistically significant differences between the means of 

temperature rises of the main groups of a particular subgroup when 
considering means in pairs and analyzing these pairs one by one, 
i.e., on pairwise comparison, a statistically significant difference 
was detected while comparing means of temperature rise with 
and without the insulating material in the presence of different 
provisional materials. The mean difference in temperature was 
highest when group A (PMMA) was compared against group B 
(bis-acrylic resin) and lowest when group B (bis-acrylic resin) was 
compared with group C (DMMA).

On application of a single layer of DBA, no significant difference 
in intrapulpal temperature was found in comparison to the control 
group for all the three materials (group A—0.253 ± 0.0583, group 
B—0.273 ± 0.0534, and group C—0.227 ± 0.0583).

For the third test, 2 layers of DBA were applied and the resultant 
intrapulpal temperature was significantly lower in comparison to 
the control group (group A—0.567 ± 0.0583, group B—0.567 ± 
0.0534, and group C—0.520 ± 0.0583).

So the temperature rise varied according to the provisional 
restoration material used (PMMA > DMMA > bis-acrylic resin)  
(p  < 0.001), and the single or double layer of DBA (p  < 0.001). PMMA 
produced the highest intrapulpal temperature.

dI s c u s s I o n
Provisional restorations are fabricated to protect prepared teeth 
and adjacent gingiva until insertion of the final restoration. They 
also restore normal tooth function, prevent occlusal changes, and 
tooth migration.8  Provisional restorations should be the same 
as definitive restorations in all aspects, except for the material 
from which they are fabricated.9  Therefore, when considering the 
benefits of temporization, it cannot be avoided. Methods by which 
the process can be completed play a critical role.

Fig. 3: Thermocouple unit with a digital indicator attached to the tooth

Table 1: Intrapulpal temperature variations for three provisional 
materials (n  = 15)

Groups Subgroups Mean* SD f  value p  value
A I 4.247 0.1552 47.413 <0.001

II 3.993 0.1580
III 3.680 0.1656

B I 2.273 0.1335 56.301 <0.001
II 2.000 0.1512
III 1.707 0.1534

C I 3.747 0.1356 39.995 <0.001
II 3.520 0.1424
III 3.227 0.1944

* Temperature difference in °C

Table 2: Results of intragroup comparison

Groups
Comparison between 
subgroups

Mean 
difference (I –J ) Std error p  value

A I vs II 0.253 0.0583 <0.001
I vs III 0.567 0.0583 <0.001
II vs III 0.313 0.0583 <0.001

B I vs II 0.273 0.0534 <0.001
I vs III 0.567 0.0534 <0.001
II vs III 0.293 0.0534 <0.001

C I vs II 0.227 0.0583 <0.001
I vs III 0.520 0.0583 <0.001
II vs III 0.293 0.0583 <0.001

Table 3: Results of intergroup comparison

Subgroups Comparison
Mean 
difference (I –J ) Std error p  value

I A vs B 1.973 0.0518 <0.001
A vs C 0.500 0.0518 <0.001
B vs C −1.473 0.0518 <0.001

II A vs B 1.993 0.0550 <0.001
A vs C 0.473 0.0550 <0.001
B vs C −1.520 0.0550 <0.001

III A vs B 1.973 0.0628 <0.001
A vs C 0.453 0.0628 <0.001
B vs C −1.520 0.0628 <0.001
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Various materials are available for fabrication of provisional 
restorations. These include various polymer-based PRMs, e.g., 
PMMA, ethyl methacrylate (EMA), vinyl methacrylate (VMA), 
bis-acrylic composite, visible-light polymerized composite, and 
butyl methacrylate.9  The chemical reaction of the polymer-
based provisional material is an addition polymerization. As the 
polymerization proceeds, carbon–carbon double bonds (π-bonds) 
are converted to new carbon–carbon single bonds (σ-bonds). The 
carbon–carbon σ-bond has an energy of about 350 kJ/mol, and the 
carbon–carbon π-bond has 270 kJ/mol. The difference in energy 
between the two bonds, 80 kJ/mol, is emitted as exothermic heat.4 

Castalnueva and Tjan10  reported that the temperature rise is 
lesser with the bis-GMA resin than the bis-acryl composite. It has 
been shown that the heat transferred to the pulp by PMMA resin 
and dimethacrylate-based materials ranged from 5.42 to 7.21°C.7 

This exothermic heat reaction may result in pulpal injury. 
According to Zach and Cohen, an intrapulpal temperature rise of 
5.50°C (100 F) in Rhesus Mecaca  monkey resulted in 15% of pulpal 
vitality loss.11  Thermal damage results in various histopathological 
changes of the pulp, such as ectopic odontoblasts and their 
destruction, cellular degeneration, burn reactions at the periphery 
of the pulp including formation of blisters, coagulation of 
protoplasm,12  expansion of liquid in the dentinal tubules, and 
vascular injuries with generalized or localized tissue necrosis, 
resulting in acute inflammation of pulp, irreversible pulpitis, or pulp 
necrosis in severe cases.13 – 15 

Dentinal walls exposed during tooth preparation are considered 
excellent nonconductors, because the thicker residual dentin has 
a greater insulating effect necessary to protect pulpal tissues from 
thermal injuries.10  Thus residual dentinal thickness plays a critical 
role in the protection of pulpal tissues from thermal injuries.8 , 16  
However, tooth preparation may encroach on dentine based on 
the restorative material used and the amount of tooth structure 
present, prior to tooth preparation.

It has been suggested that desensitizing agents can be applied 
on prepared tooth surfaces to avoid complications during the 
interim stage, while the restoration is fabricated, and also before 
cementation.17  Cement base or dentin desensitizers were used in 
several studies as a physical barrier to achieve thermal insulation.18  
The efficiency of cement base or desensitizing agent in providing 
thermal insulation is dependent on its thickness.19 

The use of a thin layer of a resin-based dentin desensitizing 
agent may block dentinal tubules, which will subsequently reduce 
the thermal effects of external agents on dentin sensitivity and 
the pulp. Gurbulak et al. demonstrated that the sealing of dentinal 
tubules with polymeric resins reduced sensitivity and possibly the 
ingress of bacteria.8 

In their study, Usumez et al. evaluated the effect of two dentin 
desensitizers on the pulp chamber temperature increase during 
the fabrication of provisional restorations by a direct method 
and found no significant difference in comparison to the control 
group.20  This is in contradiction to the results of our study, where 
application of a double layer of DBA resulted in a less intrapulpal 
temperature increase.

When a comparison was done between the single layer and 
double layer of DBA, a significant difference was found (group 
A—0.313 ± 0.0583, group B—0.293 ± 0.0534, and group C—0.293 ± 
0.0583). The double layer of DBA was found to be more effective in 
terms of reduction in intrapulpal temperature. Thus a double layer 
of DBA can be used more effectively to prevent thermal injury to 

the tooth during the fabrication of provisional restorations. This is 
in agreement with the study done by Gurbulak et al.8 

Three provisional materials, i.e., PMMA, bis-acrylic resin, and 
DMMA, were used in this study. The highest temperature was 
recorded for the PMMA provisional material (4.247 ± 0.1552), which 
is in agreement with previous studies.2 , 7 , 13 , 14 

It should be noted that this is an in vitro  study and therefore 
has some limitations. These include the use of amalgam in the pulp 
chamber, the use of acrylic resin to surround the prepared tooth, 
and in spite of uniformity attempted in the size of the molars, a 
discrepancy in dentinal thickness could have affected the heat 
transfer. The use of a water bath was deemed necessary to simulate 
intraoral conditions.

co n c lu s I o n
Within the limitations of this study, the following conclusions can 
be made:

• The intrapulpal temperature rise from greatest to least  
based on the provisional crown material used in the study was 
PMMA > DMMA > bis-acrylic resin.

• The intrapulpal temperature rise was greatest when provisional 
materials were used without any insulating material, i.e., control 
group.

• Application of a double layer of DBA results in a significantly 
lower intrapulpal temperature. Thus a double layer of DBA can be 
used during the fabrication of provisional restorations to protect 
the pulpal tissue from the polymerization heat of provisional 
materials.

cl I n I c A l sI g n I f I c A n c e
Polymerization of materials used for the fabrication of provisional 
restorations is associated with an exothermic reaction. This 
temperature rise may result in thermal trauma to the dental pulp. 
Dentin bonding agent can be used to minimize the harmful effect.
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