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Temperature increases in primary teeth pulp chamber during
polymerization of glass ionomer-based restorative materials

Purpose
To evaluate the temperature changes in primary teeth pulp chambers of different
dentin thicknesses during polymerization of four glass ionomer-based restorative
materials.

Materials and Methods

Eighty extracted, caries-free, primary molars were prepared as standardized Class
| occlusal cavities with dentin thicknesses of 1 mm and 2 mm. Four glass ionomer-
based restorative materials, Dyract XP, Photac Fil Quick Aplicap, Fuji Il LC, and
GCP Glass Fill, were placed in the cavities and cured with two light-curing units.
Temperature increases (initial temperature, 37°C) in the pulp chamber during
polymerization were recorded by a J-type thermocouple in a pulpal microcirculation
set-up. The data were analyzed with Variance analyses and Tukey tests.

Results

The temperatures recorded in samples with dentin thicknesses of T mm and 2
mm exhibited statistically significant differences (p<0.05). The GCP Glass Fill group
exhibited the highest temperature increases for both dentin thicknesses (p<0.05).
The other groups were not statistically different but the Dyract XP group exhibited
the least temperature change.

Conclusion

The highest temperature changes were observed for 1 mm dentin thickness. All
temperature increases during polymerizations and setting reactions were lower
than the corresponding critical values 5.5°C.

Keywords: Glass carbomer, Glass ionomer, Primary teeth, Temperature increase, Pulp

Introduction

Dental pulp forms the core of the tooth and consists of live connective
tissues in a highly vascularized structure. Given the fragile nature of pulp
tissue, any clinical restorative treatment performed near the pulp cham-
ber may affect pulp vitality. A subject of particular concern is the heat gen-
erated during restorative processes, i.e, intrapulpal temperature increase
(1). A variety of factors may contribute to this phenomenon, including
cavity preparation procedures, bleaching of teeth, laser applications, pol-
ishing dental materials, and polymerization of light-curing materials (2).
Temperature increase during polymerization may be caused by two main
factors: heat produced by the light source during polymerization of ma-
terials, and the exothermic polymerization of materials. A number of addi-
tional factors, such as light intensity of the light source, remaining dentin
thickness, composition of restorative materials, distance between light
source and material surface, light source position, and exposure time, can
affect the temperature of the pulp chamber during polymerization (3).
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Zach and Cohen (4) reported that an increase of merely
5.5°Cin intrapulpal temperature for a duration of 10 s could
cause serious histological changes to the pulp tissues, in-
cluding protoplasm coagulation, expansion of liquid pres-
ent in dentinal tubules, vascular injuries, and tissue necrosis.

The behavior of dental tissue in response to thermal stim-
uli depends on the physiological characteristics of the tooth.
Primary teeth have larger dentin tubule structures than
those of permanent teeth, which increases the permeability
of primary teeth and causes them to be more easily affect-
ed by external stimuli (5). Dentin and its geometric structure
additionally play an important role in the increase of heat.
When the remaining dentin thickness decreases, the pulp
becomes more sensitive to heat increase (6).

Glass ionomer cements (GICs) have been successfully used
in pediatric patients owing to their chemical bonds to enamel
and dentin, ability to release fluoride, similarity with dentin in
terms of thermal expansion, and high remineralization capacity
(7-9). However, GICs have some disadvantages, such as lower
resistance, marginal deficiencies, and decreased hardness in
the presence of moisture contamination and increased dissolu-
tion. Various formulas and modifications have been developed
to overcome the deficiencies of conventional GICs (10).

Glass carbomer (GC) is a glass ionomer-based restorative
material. Glass carbomer is distinguished from glass iono-
mer by its nanosized powder particles and fluorapatite crys-
tals. It's claimed that GC exhibits excellent clinical perfor-
mance and is superior to many traditional and high-viscosity
GIC filling materials because of its nano sized powder parti-
cles and fluoride-hydroxyapatite structure (11). The clinical
application of GC is similar to that of conventional GICs ex-
cept that heat application (60°C, 60 s) with a special ther-
mocure lamp is recommended during the setting reaction
of GC. Furthermore, GCs do not contain resins, monomers,
and BPA, which are considered as toxic (12).

The aim of this study was to evaluate temperature changes
in primary teeth pulp chambers with different dentin thick-
nesses during polymerization of a GC (GCP Glass Fill), two dif-
ferent resin-modified glass ionomer cements (RMGICs) (Fuji Il
LC, and Photac Fil Quick Aplicap), and a compomer (Dyract
XP) which were frequently used in pediatric dentistry. The hy-
potheses of this study were as follows: (1) there would be no
intrapulpal thermal changes when using a GC, two RMGICs,
and a compomer, and (2) the difference in dentin thicknesses
would have effect on intrapulpal thermal changes.

Materials and Methods

Ethical approval was obtained from the Health Ethics
Committee of Cumhuriyet University, Sivas, Turkey (ID: 2017-
07/05). The materials and light-curing units (LCUs) used in
the study are shown in Tables 1 and 2.

Sample size calculation and experimental groups

Sample size was calculated using a sample size calculator
(Sample Size Determination in Health Studies, World Health
Organization) as follows: power at 90%, a at 5%, 3 at 10%,
and the sample size was determined to be 20 teeth in each
group. Thus, a total of 80 extracted primary molar teeth was
required for the study.
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Table 1. Materials used the study
. Filler ratio
Product Type Compositions . Manufacturer
(weight)
UDMA, TCB,
TEGDMA, strontium-
Dyract . . Dentsplay,
Compomer  alumino-sodium- %73
XP Germany
fluoro-phosphor-
silicate glass
Poly(co-acrylic
Photac-  Resin- i leic acid),
! otac: es.lr-1 acid/maleic acu.:i? ESPE GmbH,
Fil modified  HEMA, hydrophilic
. %76 Seefeld,
Quick glass monomers, fluoro-
. . . . Germany
Aplicap ionomers alumino-silicate
glass
Resin- HEMA, TEGDMA,
GCFuji modified  poly acyrilic acid, e GC Corp., Tokyo,
ILc glass fluoro-alumino- ° Japan
ionomers silicate glass
GCP Gl fluoroaluminosilicate GCP Dental,
ass
Glass glass, apatite, Ridderkerk,
. carbomer .
Fill polyacids Netherlands

UDMA, urethane dimethacrylate; TCB, a reaction product ofbutane
tetracarboxylic acid and hydroxyl methyl methacrylate; TEGDMA,
triethylene glycol dimethacrylate; HEMA, hydroxyl ethyl methacrylate

Table 2. Light-curing units used the study

LCuU Manufacturer . ngh?
intensity
Valo LED (standart  Ultradent, South Jordan, 1000 mW/cm?

mod) USA

Based on the restorative materials used in the study, the
80 teeth were randomly divided into four main groups of
20 teeth each. Each group was divided into two subgroups
(dentin thicknesses of 1 mm and 2 mm) (n = 10). The experi-
mental groups are shown in Table 3.

Table 3. Study design

Dentin . .
Groups thickness n LCUs/curing times
GRUPI 1 mm 10 VALO LED/20 sn
(Dyract XP) 2mm 10 VALO LED/20 sn
GRUP I Tmm 10 VALO LED/20 sn
(Photac-
Fil Quick 2mm 10 VALO LED/20 sn
Aplicap)
GRUPIII 1 mm 10 VALO LED/20 sn
(Fuji 1 LC) 2mm 10 VALO LED/20 sn
GRUP IV 1T mm 10 GCP Carbo-LED/60 sn
(GCP Glass
Fill) 2mm 10 GCP Carbo-LED/60 sn
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Cavity preparation

Eighty extracted, caries-free, primary molars were used
in this study. The root sections of the teeth were removed
approximately 2 mm below the cement-enamel junction
and perpendicular to the long axis using a water-cooled
diamond dental separating disc. The remnants of the pulp
were removed with barbed broaches and an excavator,
and the pulp chambers were cleaned using 5.25% sodium
hypochlorite solution and distilled water. To standardize
restoration, the cusps of the teeth were removed with a
diamond dental separating disc to create a flat occlusal
surface. The teeth were prepared as Class | occlusal cavi-
ties with surface area of 3x3 mm and depth of 2 mm. The
remaining dentin thicknesses between the pulp chamber
and cavity floor were 1 mm and 2 mm and controlled with
calipers (lwanson, Pakistan). The teeth prepared were
kept wet at +4°C in a physiological saline for protection
from dehydration.

Pulpal microcirculation model

The pulpal microcirculation model, which was original-
ly designed by Savas et al. (13) was used (Figure 1). Three
holes were prepared on the plate to attach two pipes and
a J-type thermocouple device (Elimko, Turkey). One pipe
was used to carry heated water (37°C) and the other was
used as a drainage pipe. To facilitate temperature measure-
ment in the finished tooth samples in cavity preparations,
thermal paste (Hutixi HT-GY260, China) with very high heat
conduction between -40°C and + 250°C was injected into
the pulpal floor. A flowable composite was used to attach
the tooth to an acrylic plate. The fluid flow rate of the sys-
tem was set and kept constant at T mL/min using an in-
fusion flowmeter (Medbar, Turkey). Distilled water at 37°C
was used to simulate blood circulation. The thermocouple
wire was linked to a data logger (EMKO PID Quadro, Turkey)
and this recorded the temperature inside the pulp cham-
ber throughout the process of light-activated curing. The
procedure was repeated for all groups.

Data logger

m

20cm H,0

Light

source

Restorative
material

“a' Infusion
¥y flowmeter
o

J type
thermocouple

Figure 1. Schematic diagram of the measurement of intrapulpal
temperature changes with pulpal microcirculation (13).

The restorative materials were filled in the cavities ac-
cording to the manufacturers’ instructions. Standardiza-
tion of the distance between the light source and samples
was achieved with the thickness of the transparent tape
providing smooth surfaces for the samples. The output
power of the light source was verified using a radiometer
in all three samples. After the thermocouples were posi-
tioned to contact the pulp ceiling and the light sources in
contact with the tooth surface, microcirculation measure-
ments were made. The initial (37°C) and peak values of
temperature in the pulp chambers were measured during
the process of light curing. Subsequently, the differences
between the initial and highest temperature values (At)
were calculated.

Statistical analysis

The data obtained from our study were loaded into SPSS
program for Windows (version 24.0; SPSS, Inc., Chicago, IL,
USA) and one-way analysis of variance and Tukey tests were
used when the parametric test assumptions were fulfilled
according to the Kolmogorof-Simirnov test. The results are
presented as means and standard deviations. The signifi-
cance level was set to p<0.05 for all tests.

Results

The mean maximum temperature changes and standard
deviation values for all tested materials are presented in
Table 4. Statistically significant differences in the recorded
temperatures were observed between cavities with dentin
thicknesses of 1 mm and 2 mm (p<0.05).

While there was no statistically significant difference be-
tween the temperature increases in the case of different dentin
thicknesses in the Photac Fil Quick Aplicap group (p>0.05), the
temperature increases in all other groups with T mm dentin
thickness were statistically significantly higher than those in
groups with 2 mm dentin thickness (p<0.05). High temperature
changes were recorded in the pulp chamber when GCP Glass
Fill was used on teeth with T mm and 2 mm dentin thicknesses
(p<0.05). The lowest mean temperature changes for both den-
tin thicknesses were seen in the Dyract XP group (p>0.05).

Table 4. Analytical and descriptive statistics of intrapulpal
temperature changes in all groups

Dentin thickness

1mm 2mm
Groups n Mean x=SD (°C) n Mean £ SD (°C)
Dyract XP 10 2.132A £ 045 10 1.69°+0.18
:2::;2? Quick 1) Sygai064 10 1794017
Fuji Il LC 10 227**+037 10 1.78+0.17
GCP Glass Fill 10 4782+ 045 10 2.99¢+ 0.45
*p values 0.001

SD: Standard Deviation. Different small letters indicate statistically
significance within each column(materials) and capital letter indicates
statistically significance within each rows (dentin thickness), *p<0.05.
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Discussion

Temperature increases in the pulp chamber during den-
tal procedures can negatively affect the vitality of the pulp
(4, 14). Many factors can contribute to this effect: type, light
intensity, and exposure time of light-curing unit (LCU); thick-
ness of remaining dentin; and contents of dental restor-
ative materials (13). The aim of this study was to evaluate
temperature changes in primary teeth pulp chambers with
different dentin thicknesses during polymerization of four
glass ionomer-based restorative materials.

In many in vitro studies to measure temperature increase
during polymerization of resin-containing restorative ma-
terials, non-carious dentin tissues were use (15, 16). In the
study, the crown of the tooth is required for the microcircula-
tion mechanism used to reflect clinical conditions, and since
the cavities could not be standardized when using decayed
tooth, it was decided to use primary teeth with non-caries or
minimal or very limited caries. In primary teeth in which the
physiological process is complete, peritubular dentin matrix
apposition is observed owing to occlusion over a period of
about eight to nine years, and primary dentin permeability
may decrease (17). Dentin tubules can be partially or com-
pletely occluded by the aposition of peritubular dentin (18).
Although these structural changes are thought to affect
the temperature transmitted to the pulp chamber, young
non-caries primary teeth cannot be obtained within the
code of ethics, and hence their physiological processes were
completed, root resorption was limited to the root region,
and the primary teeth were used.

In studies evaluating the effects of temperature increase
on dental pulp, different types of equipment were used
for temperature measurement. These include calorimeters,
thermocouples, differential thermal analysis, and infrared
cameras (19). Studies in this field state that it is appropriate
to use thermocouples in measurements because they pro-
duce reliable and sensitive results in the case of temperature
changes (13, 20). In line with this information and its applica-
bility to our experimental set-up, we decided to use a J-type
thermocouple in our study.

Pulp microcirculation is an important factor in regulating
intrapulpal temperature when heat is transferred from an
external thermal stimulus to the dentine pulp complex (21).
Some studies in the literature investigated the role of pulpal
microcirculation in the response of pulp dentin complex to
heat and reported that pulpal microcirculation acted as a
refrigerant (21, 22). Kodonas et al. (23); evaluated tempera-
ture increases under different types of light sources with and
without a microcirculation set-up. They reported that tem-
perature increases were lower than 6°C in all samples when
the set-up mimicking pulpal microcirculation was used. On
the contrary, temperature increases exceeded 6°C in all sam-
ples devoid of the pulpal microcirculation set-up under all
light sources except the halogen light device. Despite the at-
tempt to mimic pulpal microcirculation in this in vitro study,
the authors reported that the study did not exactly mimic
in vivo conditions because it neglected the regulatory role
of the pulpal nervous system, changes in pulpal blood flow,
and fluid movement in dentin tubules and dentin pulp com-
plex. Accordingly, since the cooling effect of pulp cannot be

ignored, we decided to use a microcirculation mechanism
in our study. As stated, there are deficiencies in the previ-
ous studies that we considered, but these conditions cannot
be simulated in vitro (20, 23). For our study, we preferred to
mechanism used by Savas et al.(13) simulated pulpal micro-
circulation. In the modified mechanism, the initial tempera-
ture was changed to 37°C to mimic body temperature and
the fluid flow rate of the system was set and kept constant at
1 mL/min using an infusion flowmeter instead of the digital
infusion flow meter.

The type and duration of light application during polym-
erization is the most important factor in temperature in-
crease (24). The Carbo-LED lamp LCU has been developed
for thermal polymerization to optimize the properties of
GC products (12). However, the data show that the use of
the Carbo-LED lamp LCU results in an exothermic reaction
that increases the temperature of the pulp tissue and thus
increases the risk of pulpal damage (25, 26). In our study, the
highest temperature increase among the materials used was
found in the GCP Glass Fill group, but these values were not
at levels that would cause pulpal damage. We considered
that these high temperature changes can be caused by high
light output power and long irradiation time.

In the literature, it has been reported that dentin thickness
is an important factor in decreasing thermal conduction to
pulpal tissues, and histological studies have established that
the formation of burn lesions in pulp is observed if the re-
maining dentin thickness is less than 1 mm (27). Therefore,
in our study, to examine the amount of temperature trans-
mitted to pulp under different dentin thicknesses, the same
restorative material was examined using samples with den-
tin thicknesses of 1 mm and 2 mm.

The first hypothesis of the study was rejected. The tem-
perature increase in the GCP Glass Fill group was found to be
significantly higher than those in the other groups (p<0.05).
The second hypothesis of the study was accepted. In this
study, there are two different dentin thicknesses; the tem-
perature increases in groups with T mm dentin thickness
were found to be statistically significantly higher than those
in groups with 2 mm dentin thickness (p<0.05).

Takahashi et al.(28) argued that remaining dentin thickness
may be more important than the type and thermal spread of
the material placed on the tooth in the transmission of heat
to the pulp. Botsali et al.(26) evaluated temperature chang-
es in pulp during polymerization of restorative materials in
samples of permanent teeth with different dentin thickness-
es and reported that the highest temperature increase was
found in samples with dentin thickness of T mm.

According to the findings of our study, although there was
no statistically significant difference in the temperature in-
creases between samples of different dentin thicknesses in
the Photac Fil Quick Aplicap group (p>0.05), in all other cases,
the temperature increases in samples with dentin thickness
of 1 mm were statistically significantly higher than those in
samples with dentin thickness of 2 mm (p<0.05). We consid-
ered that a significant increase in dentin tubule number, radi-
us, and total physical surface area for diffusion near the pulp
chamber may have caused greater heat transfer to the pulp.

Zach and Cohen(4) found that an increase of 5.5°Cin tem-
perature caused a loss of 15% in pulp tissue vitality, and
indicated this value to be a critical temperature increase.
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In our study, the temperature increases achieved did not
reach the critical value of 5.5°C.

It has been reported that temperature increases during
polymerization of resin materials vary depending on the
type of filler content of the restorative materials, size of filler,
volume of resin matrix, and amount of organic matrix in the
structure (29).

Baroudi et al. (30) and Mujdeci et al. (31) reported that the
flowable composite materials had lower inorganic particle
content and higher organic matrix ratio, which increased the
exothermic reaction of the composite materials, resulting in
higher temperature rise during polymerization.

Al-Qudah et al.(15) evaluated temperature increase during
polymerization of compomer and RMGIC. They reported
that RMGIC produced higher temperature increase during
polymerization than that by a compomer. Additionally, they
reported that RMGIC contained hydroxyethyl methacrylate
(HEMA) monomer structure whereas the compomer material
had urethane dimethacrylate (UDMA) and butan-1,2,3,4-tet-
racarboxylic acid di-2-hydroxyethylmethacrylate ester (TCB)
resin monomer structures, and thus different temperature
increases occurred owing to different monomer structures
and amounts of materials.

Kahvecioglu et al.(32) evaluated temperature increases in
pulp during polymerization of RMGIC, compomer, and GC
materials in primary and permanent teeth, and reported
that the lowest temperature increase occurred in the com-
pomer group owing to its higher filler ratio and different cur-
ing mechanism than those of RMGIC.

In our study, temperature increases during polymeriza-
tion in samples with different dentin thicknesses were eval-
uated; the highest temperature increase was found in the
GCP Glass Fill group, while the lowest temperature increase
was found in the Dyract XP group. While there was no sta-
tistically significant difference in temperature increases be-
tween the Fuji Il LC, Photac Fil Quick Aplicap, and Dyract XP
groups (p>0.05), the temperature increases in the GCP Glass
Fill groups were statistically significantly higher than those
in the other groups (p<0.05). The low temperature increase
seen in the Dyract XP group is likely because of its high filler
amount and different monomer structure, which is similar to
observations made in previous studies (15, 25, 30-32).

There are not many studies in the literature investigating
temperature increases in pulp during polymerization of GC
because it is a relatively new material. In addition, in accor-
dance with the results of studies in which the GC material
was examined for temperature increase (25, 26, 32), the
highest temperature increases in samples of both dentin
thicknesses were obtained in the GC group but these in-
creases did not exceed the critical value in our study. This
could be the result of using Carbo-LED lamp LCU with high
light output power and long irradiation time.

Conclusion

Based on the findings of our study and within its limita-
tions (different light intensity and different curing times
were used in groups, small sample size), it was concluded
that the contents of restorative materials may affect the val-
ue of temperature increase that occurs during polymeriza-
tion. Glass carbomer is a relatively new improved restorative

material that does not contain resin, monomer, metal, and
BPA. Hence, it merits a long-term follow-up study of clinical
trials, the efficacy of restorations and effectiveness of remin-
eralization activity obtained by using GC can be investigat-
ed, and the use of this material in pediatric dentistry can be
considered further.

Tiirkce Ozet: Camiyonomer icerikli restoratif materyallerin polim-
erizasyonu esnasinda stit disi pulpa odasinda meydana gelen sicak-
lik artisi. Amag: Cam iyonomer esasl dért farkli restoratif materyalin
polimerizasyonu sirasinda, farkl dentin kalinliklarinda stit dis pulpa
odasindaki sicaklik degisimlerini degerlendirmektir. Gere¢ ve Yontem:
Seksen adet ¢ekilmis ¢lirliksiiz siit azi disine, T mm ve 2 mm dentin
kalinliklarina sahip standart Sinif | okliizal kaviteler hazirland.. Kavitel-
ere cam iyonomer bazli dért farkli restoratif materyal; Dyract XP, Photac
Fil Quick Aplicap, Fuji Il LC ve GCP Glass Fill yerlestirildi ve iki farkli 15tk
kaynagt ile polimerize edildi. Polimerizasyon sirasinda pulpa odasinda-
ki sicaklik artislan (baslangig sicakhdi, 37 ° C), pulpal mikrosirkiilasyon
diizeneginde J tipi bir termokupl ile kaydedildi. Veriler Varyans analizi
ve Tukey testleri ile analiz edildi. Bulgular: Dentin kalinligi T mm ve 2
mm olan numunelerde kaydedilen sicakliklar istatistiksel olarak an-
lamli farkliliklar gésterdi (p <0.05). GCP Glass Fill grubu her iki dentin
kalinhigi icin en yliksek sicaklik artislarini sergiledi (p <0.05). Diger gru-
plar istatistiksel olarak farkli degildi, ancak Dyract XP grubu en dlisik si-
caklik degisimini gésterdi. Sonug: En yiiksek sicaklik degisiklikleri T mm
dentin kalinligi icin gbzlendi. Polimerizasyon ve sertlesme reaksiyonlari
sirasindaki tim sicaklik artislan, karsilik gelen kritik deger olan 5.5 °
C'den daha dlisiikti. Anahtar Kelimeler: Cam karbomer, Cam iyonomer,
Stit disi, Sicaklik artisi, Pulpa
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