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ABSTRACT

Objective: To evaluate the pulpal temperature changes due to the polymerisation of resin and glass ionomer-
based materials in dentine thicknesses in immature permanent teeth with open apices. Material and
Methods: Forty extracted sound human third molar teeth with open apices were included. The width of the
cavities prepared on the occlusal surface was 4x5 mm. The depth was 2 mm in the resin groups. 4 mm in the
groups in which glass ionomer liner was applied before composite restoration. The coronal parts of the
samples were then placed on an acrylic plate with three gaps for feeding-extraction needles and the
thermocouple. The temperature changes were recorded. The data was analyzed by SPSS. Statistical
significance was accepted as p<0.05. Results: The temperature increase in the group of 1 mm remaining
dentin thickness revealed higher results than the values detected from the 2 mm group (1.01 °C) (p=0.00).
The mean values (1.49 °C, 1mm) of temperature changes in only glass ionomer applied group were lower
than the avarage values (2.210°C, 1mm) determined in the polymerization process of resin composites with
light-emitting diode devices. Conclusion: In a remaining dentin thickness of 1 mm in teeth with open apices,
using a glass ionomer liner might be a useful effort for protecting the pulp from the heat generated by
polymerisation devices.
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Introduction

The developmental stage of the tooth may cause different anatomical and physiological variations, and
differences may be detected in the anatomical structure and physiological features in a tooth with open apices in
comparison to a mature tooth with completed apical development. Accordingly, the age and developmental
stages of the teeth may affect the dentine permeability for thermal, mechanical, and microbial stimuli. The wider
dentine tubules and increased permeability are the main reasons for the rapid progression of dental caries in
young and immature teeth, and their high conductivity capacity is also prevalent in thermal stimuli [1-4].

The temperature of pulp tissue may be affected by various factors. The instrumentation during cavity
preparation, the polymerization process of resin materials, bleaching procedures, and the exothermic reaction of
dental materials may lead to pulpal temperature changes in reversible or irreversible ways [2,57. Previously,
Zach and Cohen [67 detected that the critical degree that may lead to pulpal damage was 5.5 °C. Considering
the fact that the physiological intrapulpal temperature is known to differ between 84 and 35°C [77, it can be
concluded that the increases in intrapulpal temperature exceeding 42 to 42.5°C may lead to irreversible damage
[7-97 and this phenomenon might have irreversible effects on the pulp's health and viability.

Various studies have been conducted assessing the parameters affecting the changes in pulp
temperatures [10-127]. In the literature review, no study was available assessing the pulpal temperature changes
in immature teeth relevant to different remaining dentine thicknesses and whether the use of a glass ionomer
liner or not. Considering the aforementioned data, the present study aimed to assess the pulpal temperature
changes due to the polymerization of resin composite and glass ionomer materials in a dentine thickness of 1 mm
and 2 mm in immature permanent teeth. The hypotheses of the present study were as follows: 1) A correlation
could be detected regarding the thickness of remaining dentin and the thermal changes in the pulp chamber of
immature teeth with open apices, and 2) Utilizing the use of an additional liner might have a favorable effect on

the pulp temperature changes.

Material and Methods
Ethical Approval

The research protocol was conducted in line with the principles of the Helsinki Declaration, including
all revisions, and with the approval of the Kayseri Erciyes University Ethical Committee (2022-357,
05/11/2022). Access to data was restricted to the researchers, and informed consent was obtained from the legal

representatives of all participants before tooth extraction.

Sample Size Calculation and Experimental Groups

The sample size was calculated by G¥Power Software based on an effect size of 0.5, an alpha significance
level of 0.05, and a beta of 0.20 to achieve a power of 80%. Accordingly, for each group, ten samples were required.
Although six groups were determined, the applications of groups 3-5 and 4-6 were performed on the same tooth
samples. Thus, a total of 40 samples of sound-impacted wisdom teeth that were decided to be extracted due to
surgical reasons were included in this study. Forty extracted sound immature molar teeth with open apices were
used. The selection criteria for the samples were based on ICDAS (International Caries Detection and
Assessment System) scores [ 137]. Accordingly, samples meeting the ICDAS score of 0 (sound tooth surface) were
included in the study procedures. In this context, caries-free immature third molars with open apices were
included and cleaned using a periodontal scaler under tap water. The samples remained in 0.1% thymol solution

until the experiment date for one month.
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Cavity Preparation

The enamel of the occlusal part of the samples was abraded, and roots were removed under water cooling
using a carbon disk bur from 2 mm apical of the cementoenamel junction. The pulp residues were removed with
hand tools, and the pulp chamber was irrigated with 5.25% sodium hypochlorite and distilled water. Cavities
were prepared using a diamond fissure bur (no: 015, Romi Diamond, Israel). The width of the cavities was 4x5
mm, and the depth was 2 mm in resin-applied groups and 4 mm in the groups in which glass ionomer liner was
applied before the composite restoration. The remaining dentin thickness was standardized to 2 and 1 mm
between the cavity base and the pulp ceiling, and the accuracy of this thickness was confirmed by an orthodontic
caliper (Iwanson, Pearson). The width of the cavity borders was standardized by affixing 4x5 mm labels to the
occlusal surface, and the outside surface of the label was painted with nail polish. The cavity preparation was

finished by the polished area. The study groups are listed in Table 1.

Table 1. Description of the experimental groups and the materials used in the study.

Groups  Remaining Dentin Thickness Materials Brand Name and Manufacturer

G1 1 mm Composite Resin G-2nial™ A'CHORD, GC Europe

G2 2 mm Composite Resin G-znial™ A'CHORD, GC Europe

Gs 1 mm Glass lonomer Liner Imicryl, Nova Glass, Konya, Tiirkiye

G 4 2 mm Glass lonomer Liner Imicryl, Nova Glass, Konya, Tiirkiye

Gs 1 mm Composite after Glass G-2nial™ A'CHORD, GC Europe
Ionomer Application and Imicryl, Nova Glass, Konya, Tiirkiye

Ge 2 mm Composite after Glass G-znial™ A'CHORD, GC Europe
Ionomer Application and Imicryl, Nova Glass, Konya, Tiirkiye

Pulpal Microcirculation Model

Considering the fact that measuring the intrapulpal temperature in human subjects is both unethical
and unfeasible, previous studies have utilized nz-vitro simulation models to assess the intrapulpal temperature
changes. Savas et al. [127] designed a pulpal micro-circulation model, and this simulation was preferred for use
in the current study. Pulpal microcirculation was achieved by using deionized water with an infusion set. Teeth
were placed and fixed with a light-curing adhesive cement (Panavia, Kuraray) on an acrylic plate, and 8 gaps
were performed on it. Two of them were for the feeding and the extraction needles of deionized water at room
temperature. The thermocouple was placed into the third gap to assess the pulp chamber’s temperature changes.
The J-type thermocouple (Schneider) was placed into a thermal paste (Rampage TM130), which was applied on
the upper surface of the pulp chamber In this design, while deionized water was led into the pulp in one way, the
excess water was drained by another similar to n#-vivo conditions. The flow rate of water was determined as 1
ml/sec., and intra-pulpal pressure was adjusted to 15 cm H,O in accordance with the previous studies [10,14].

The study design was schematized in Figure 1.

Procedures Followed in the Experimentations

In Group 1 and Group 2, standardized occlusal cavities in a width of 4X5 mm and in a depth of 2 mm
were prepared. The remaining dentine thickness of 1 mm (Group 1) and 2 mm (Group 2) through the pulp ceiling
was achieved by measuring with a caliper. The sample was placed on the acrylic plate and fixed. The pulpal
microcirculation model described above was achieved. The initial temperature was detected, and the composite
resin of 2 mm thickness was placed on the cavity. The temperature changes were recorded in real-time by the
time the composite placement was started, and according to the manufacturer’s instructions, the polymerization

for 20 seconds was completed with COXO type Penguin (Foshan COXO Medical Instrument Co., Ltd, China).
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The difference between the temperature (AT) at the time polymerization completed (T5) and the initial degrees

(T,) was calculated in accordance with the formula [107: AT= T, - T,

PC

G
,

Water
Injection
System

_ Thermocouple

Figure 1. Schematized design of the study.

In Groups 3 and 4, standardized occlusal cavities in a width of 4x5 mm and in a depth of 4 mm (The
eligible depth of the cavity for the application of 2 mm glass ionomer liner and 2 mm composite resin) were
prepared. The remaining dentine thickness of 1 mm (Group 8) and 2 mm (Group 4) through the pulp ceiling was
achieved by measuring with a caliper. The pulpal microcirculation model described above was achieved. The
initial temperature was detected and glass ionomer cement at a depth of 2 mm was placed on the cavity. The
temperature changes were recorded in real-time by the time the glass ionomer cement placement was started,
and the polymerization was completed. The values of the increase in the temperature were detected as the end
of the exothermic polymerization reaction of glass ionomer cement. The difference between the temperature at
the time polymerization was completed and the initial degrees was calculated.

In Group 5, following the polymerization of glass ionomer liner application in the 1 mm dentine
thickness group (Group 3), the needed time until the temperature in the pulp chamber was stabilized was
achieved. When the temperature was near the initial room temperature degrees (22 °C), the placement of
composite resin was started, and the temperature changes were recorded in real-time by J type thermocouple.
The difference between the initial and the last temperature recorded in the pulp chamber was calculated. These
experiments were performed on the same samples as Group 3.

In Group 6, following the polymerization of glass ionomer liner application in the 2 mm dentine
thickness group (Group 4), the needed time until the temperature in the pulp chamber was stabilized was
achieved. When the temperature was near the initial room temperature degrees (22 °C), the placement of
composite resin was started, and the temperature increase was recorded in real-time by J type thermocouple.
The difference between the initial and the last temperature recorded in the pulp chamber was calculated. These

experiments were performed on the same samples as Group 4 (Figures 2 and 3).

Statistical Analyses
All statistical analyses were performed using version 23 of the SPSS software (Statistical Package for

the Social Sciences for Windows 13.0, IBM Inc., Chicago, IL, USA). According to the results of the Shapiro-Wilk
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normality test, the data did not show a normal distribution. Kruskal Wallis test was used for the comparison of
the differences in temperature changes. The Mann-Whitney U Test was used as a post-hoc test for multiple

comparisons. The level of statistical significance was accepted as p<0.05.

Group 3

Composite Resin

Group 5 Group 6

Figure 2. Schematized design of the remaining dentine thickness of each group.

Figure 3. Image of the tooth sample in pulpal circulation model: a) Needle for feeding by water, b)
Needle for extraction of the excess water, and c) The probe of the J type thermocouple.

Results
The findings of the temperature changes regarding different dentine thicknesses and glass ionomer liner
applications in immature permanent molars are shown in Tables 2 and 3. Accordingly, a statistical difference

was detected between the values of Group 1 and Group 2. The temperature increase in the group of 1 mm
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remaining dentin thickness revealed higher results compared to the values detected from the 2 mm group (1.01

°C) (p=0.00) (Table 2).

Table 2. Descriptive values of the groups compared.

Groups N Mean (°C) SD Minimum (°C) Maximum (°C) p-value
G1 10 2.210 0.42282 1.10 2.50 0.00%*
G2 10 1.010 0.41486 0.50 1.70
G 3 10 1.490 0.45080 0.50 1.90 0.011%*
G4 10 1.040 0.27568 0.60 1.40
G5 10 1.000 0.23094 0.60 1.50 0.196
Ge6 10 0.860 0.43767 0.10 1.60

*Statistically Significant; SD: Standard Deviation.

The values of Group 1 were statistically higher than the temperature increase determined in Group 8
(1.49) (p= 0.033) and Group 5 (1.00) (p=0.00). No statistical difference was detected between Group 3 (1.49) and
Group 5 (1.00) (p>0.05). Also, Group 3 (1.49) revealed higher results compared to Group 4 (1.040) (p=0.011).
On the other hand, no statistical difference was detected in the comparison of Group 2 (1.010), Group 4 (1.040),
and Group 6 (0.860) (p>0.05) (Table 3).

Table 3. The p-values detected in the study groups.

Groups Group 2 Group 3 Group 4 Group 5 Group 6
G1 0.00 0.033 N.C 0.00 N.C
G2 - N.C >0.05 N.C >0.05
G3 N.C - 0.011 >0.05 N.C
G4 >0.05 0.011 - N.C >0.05
Gs N.C >0.05 N.C - >0.05

N.C: Non compar.

Discussion

The primary outcome of the present study revealed that as the remaining dentine thickness was
decreased, the heat conducted through the dentine tissue and the temperature in the pulp chamber increased.
The temperature changes due to the exothermic polymerization reaction of glass ionomer cement were lower
than the values determined in the polymerization process of resin composites with light-emitting diode (LED)
devices in each dentine thickness, accordingly, the first hypothesis was accepted. However, a statistical difference
was not detected in all groups wherein a glass ionomer application was preferred or not, which caused the
rejection of the second statement of the hypotheses of the current study.

Maintaining the pulp vitality, especially in immature teeth with open apices, is essential in pediatric
dentistry practices. Pulp tissue maintains the circulation, nutrition, and development of teeth. The extensive
lesions or the treatment procedures recruited to manage the carious lesions may be a potential threat to the
vitality of the pulp. When the pulp is affected irreversibly, in many cases, root canal treatment is indicated which
is also a challenging procedure in teeth with open apices [15,16]. Although preventive approaches have been
utilized in pediatric dentistry, it is also essential to minimize the harmful effect of treatment procedures on the
pulp tissue especially in immature teeth. Accordingly, the current zn-vitro study aimed to analyze the effect of
different remaining dentin thicknesses and restorative materials on the thermal changes of the pulp chamber of
immature permanent molars.

According to the results of the current study, in the group of 2 mm remaining dentine thickness, the
temperature changes in the pulp chamber during the polymerization of glass ionomer and the composite resin

following the glass ionomer liner application/without liner did not reveal statistical differences. However, in the
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group of 1 mm remaining dentine thickness, the changes in the pulp chamber’s temperature showed differences,
while the polymerization of glass ionomer cement and the resin composite following the glass ionomer
liner/without liner occurred. This difference may be attributed to the effect of the 2 mm thickness of the
remaining dentine tissue. This thickness of dentine is an adequate barrier for protecting the pulp from the adverse
effect of heat conduction, and no additional protective liner is essential, even for immature teeth with open apex.

The changes in temperature of the pulp chamber could be analyzed by various methods, for example,
infrared cameras, calorimeters, different thermal analyses, and thermocouples [10,177. In this study, J J-type
thermocouple was preferred due to the feature of the device that lets to assess the temperature changes of a
surface directly. Considering the absence of blood, dentine fluid flow, and periodontal tissues, it can be concluded
that n-vitro overestimation of the pulp temperature changes is probable [18,197]. However, to overcome this
problem and based on the knowledge that pulpal microcirculation plays an essential role in eliminating the pulp
temperature increase, a pulpal microcirculation mechanism was simulated in the extracted tooth samples
[10,117. In some of the studies, the saline solution and deionized water were placed in a thermal bath at 87°C
[10,14,207, and the room temperature was chosen in the others [12,217. Accordingly, considering the focus of
the current study that aims to enlighten the differences in the pulp temperatures, deionized water at room
temperature (22 °C) was preferred to be used. The flow rate of the water was arranged in 1ml/min and a serum
injection system was settled for this purpose according to previous studies [10,117. The standardization of cavity
borders was obtained by affixing 4x5 mm stickers on the occlusal surfaces. In the groups with liners, glass
ionomer was placed 2 mm thickness from the cavity floor. This thickness was determined by measuring with a
caliper.

Previously, the adverse effects of the exothermic polymerization reactions were investigated in a few
studies, and Zach and Cohen [67] reported that the critical degree that may lead to pulpal damage was 5.6 °C. In
the current study, the highest temperature change was detected as 2.5 °C in the group of 1 mm remaining dentin
thickness without glass ionomer liner application and even this higher degree detected in the current study was
far below the critical degree that poses a risk for the irreversible pulp damages.

In the literature review, no study was detected assessing the pulpal temperature changes of immature
teeth with open apex. However, Buyukkok and Kaptan [10] conducted a study in which they evaluated the
temperature increases in the pulp chamber of extracted primary teeth during the polymerization of different
glass ionomer-based materials and glass carbomer in a remaining dentine thickness of 1 mm and 2 mm. The
results revealed that the heat conducted during the polymerization process of the materials was higher in the
group of 1 mm remaining dentine thickness than in the group of 2 mm [107. Although the study was conducted
on extracted primary molars, the results were similar to the findings of the current study we held, and the results
of the current study supported the outcomes of this previous study by enlightening the effect of remaining
dentine tissue in the heat conduction through to the pulp in teeth with open apices.

In an ex-vivo study, dentine slices of different thicknesses were exposed to light curing devices, and the
temperature changes were recorded at time intervals of 10 s, 20 s, 30 s, and 40 s [227]. Accordingly, as the dentin
thickness decreased, an increase in the heat transmitted through the dentin disks was detected and these results
were consistent with the current study. Another previous study [117] was conducted to assess the eftect of the
fluorescence-aided caries excavation (FACE) system and the remaining dentin thickness on the temperature
changes of the pulp chamber. FACE system was performed in different remaining dentin thicknesses (2, 1.5, 1,
0.5 mm) and the results revealed that parallel to the decrease in the distance between the cavity floor and pulp

chamber, an increase in temperature changes was detected. However, these temperature changes were not meant
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to cause irreversible damage in the pulp chamber [117. These results are also in line with the outcomes of the
current study, which reported the relation between the remaining dentin thickness and thermal changes in the
pulp.

Previously, Altan et al. [237] conducted a similar study and assessed the effect of setting and
polymerization of different composite resins and high-viscosity glass ionomer cement on the pulp temperature
changes of primary molars. Accordingly, the thermal changes were found to be similar in the group of high-
viscosity glass ionomer cement and composite resins. This study was conducted in Class-2 cavities, and a high-
viscosity glass ionomer cement was used; the difference in results of the current study and this previous one
might be related to this. In another previous study, Gavic et al [247] assessed the heat conduction features of
different commercial glass ionomer cement types and they concluded that the thermal changes related to the
exothermal setting reaction of glass ionomer cement were low and these changes were most detectable in deep
cavities compared to superficial ones. These outcomes support the results of the current study.

In the present study, 1 mm and 2 mm remaining dentine thickness was assessed and the results may
lead to differences if the study was repeated with a remaining dentine thickness of less than 1 mm. One type of
composite resin, glass ionomer cement, and one brand of curing device were used in the study. The results might
also change in case the type of restorative materials, liners, and curing devices were enlarged. The distance
between the tooth and the polymerization device was also standardized in the study. Differences in the distance
between these two parameters might also affect the study findings. The present study was conducted on n-vitro
conditions and a pulpal microcirculation model was tried to be obtained simulating the physiological activities
of the pulp tissue. Although the conditions the same as n-vivo were tried to be created, different results may be
obtained if the study was repeated in iz-vivo conditions. These are the limitations of the present study. In this

respect, further clinical studies may also be conducted.

Conclusion

Within the limitations of this znz-vitro study, the results revealed that in a remaining dentin thickness of
1 mm, using a glass ionomer liner might be a useful effort for protecting the pulp tissue from the heat generated
by polymerization devices and conducted by the composite resin/remaining dentine tissue. In a case in which
the remaining dentine is 2 mm and more, using a glass ionomer liner as a heat protector could be a useless effort,
though the heat conducted in this dentine thickness was the same in the groups with and without liner. However,
the current study was held on ex-vivo conditions and the described treatment modalities might lead to differences
in clinical conditions. A real-time assessment of thermal changes could be performed clinically aimed to assess

the intra-pulpal temperature changes of immature molars of the pediatric population in future studies.
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