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Abstract
Background: Temperature rise in the pulp chamber is a severe stress that can cause irreversible damage
to the pulp. The objective of this study was to compare the temperature rise under primary tooth dentin
induced by a light emitting diode (LED) with different light curing modes.

Methods: Sixty dentin discs of 0.5- 1- 1.5- and 2-mm thicknesses were prepared from human primary
molars. The resin composite placed in a Te�on cavity was cured using a high-powered LED (Foshan
JERRY Medical Apparatus CO., LTD, Foshan, China) for 20 s. The different modes tested in this study
were standard mode, ramp mode, and pulse mode (n=5). Temperature was recorded using a k-type
thermocouple in direct contact with the dentin disc. Temperature change data were subjected to analysis
of variance (ANOVA) and Tukey's test.

Results: The highest temperature rise was observed under a 0.5 mm thick dentin disc with standard mode
(4.7 ± 0.42), whereas the lowest values were recorded with pulse mode under 2 mm thick dentin (2.5 ±
0.23). Pulse mode produced a signi�cantly lower temperature rise than standard mode for all dentin
thicknesses (P < 0.05). Ramp mode gave signi�cantly lower values than standard mode in the 0.5 mm
group (P < 0.05). For the standard and ramp modes, the 0.5 mm thick group exhibited a higher
temperature rise than the 2 mm thick group (P < 0.05).

Conclusions: Temperature rise related to dentin thickness and curing modes. The standard mode led to a
signi�cantly higher temperature rise under thinner dentin than the other modes. Pulse mode gave the
lowest values. Thus, it is recommended for use in deep cavities. 

Clinical Signi�cance: The temperature rise during polymerization of the resin composite with the high-
powered LED appeared to be below 5.5 ℃. Hence, it appears to be safe for use in pediatric dentistry.

Background
Heat generation is a severe stress produced in the pulp chamber by various operative procedures [1].
Studies have suggested that polymerization of resin composites could cause an increase in the pulp
chamber temperature [2]. An excessive temperature rise can result in irreversible damage to the
pulp [3]. Although the critical value of pulp damage is not uni�ed by all studies [4, 5], Zach and Cohen [6]
reported that a 5.5 ℃ increase in pulp temperature caused necrosis of 15% of the tissue, on the basis of
a study using rhesus monkey teeth.

Several factors affect the temperature rise during polymerization such as dentin thickness
[7], radiant exitance [8], exposure time [9], chemical composition and transmission properties of resin
composites [10-12].

Recently, new Light Emitting Diode Light Curing Units (LEDs, LCUs) have been introduced with
high radiant exitance, ranging from approximately 500 to 1,400 mW/cm2. This raised concern that a
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temperature rise during resin composite polymerization using a high-powered LED could cause pulpal
damage [2, 13], especially when used in deep cavities with minimal residual dentin thickness [14]. 

Historically, standard mode at constant radiant exitance was used for polymerization of resin composites
[15]. However, several curing modes have received attention from recent developments because they
allow movement within the resin matrix that would reduce polymerization shrinkage [16]. Studies have
suggested that the heat emitted by curing lights depends on the various curing modes used [7]. Previous
studies have inserted thermocouples into the pulp chamber to measure the temperature rise [17], but the
thermocouple could not be incorporated to record the whole pulp chamber temperature because this
system could particularly measure the temperature of quit localized point locations [18]. Moreover, the
remaining dentin thickness was assessed by radiographs, so the results of those studies may be
questionable. 

Although a considerable body of research has investigated the temperature rise in permanent teeth, less
attention has been given to primary teeth. The temperature rise of the pulp chamber may be different
between primary and permanent teeth due to differences in the degree of dentin mineralization [19],
tubular density and diameter [20]. Larger dentinal tubular structures of the primary teeth than those of the
permanent teeth may increase the permeability of primary teeth and make them more susceptible to
thermal stimuli [21].

When using high-powered LEDs in primary dentition, it is important to select the correct polymerization
mode that will not cause harmful overheating of the pulp. Many studies have evaluated the effect of
high-powered LEDs on the temperature rise, but �ndings obtained from studying a speci�c brand should
not be generalized to other brands.  In view of this concern, the purpose of this in vitro study is twofold.
The �rst is to evaluate the effect of three different curing modes of a high-powered LED LCU on the
increase in temperature under primary tooth dentin during polymerization of the resin composite. The
second is to assess the impact of dentin thickness on the temperature rise.

The null hypotheses of this study were as follows: There were no signi�cant differences in temperature
rise (1) among curing modes and (2) among dentin thicknesses.

Materials And Methods
Resin composite:

One microhybrid resin composite in shade A3 was used; Filtek Z 250 (3 M Dental Products, St Paul, MN,
USA). 

Dentin disc preparation:

Sixty dentin discs of 0.5- 1- 1.5- and 2-mm thicknesses were prepared from caries-free primary molars
freshly extracted for physiological root resorption reasons. Every molar was sectioned perpendicular to its
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long axis with a slow speed saw (Isomet®, Buehler, Lake Bluff, Illinois, USA) at two levels: the �rst level
below the occlusal enamel to expose the dentin, and the second level above the roof of the pulp chamber,
so we obtained a block composed of enamel and dentin. A square with a side length of 3 mm was drawn
on the pulpal surface of the block; then, this square was cut with a high-speed handpiece and diamond
bur passing perpendicular to the square's sides to remove the enamel and obtain a block of dentin. The
dentin block was �xed to a hard, plane surface, and its thickness was adjusted by diamond burs. Finally,
the surfaces of the dentin disc were grinded with wet carborundum paper (American Rotary Tools
Company, Inc, California, USA) until they were even and smooth when inspected visually, and then placed
in distilled water in accordance with ISO/TS 11405; 2015. 

LED LCU: 

The resin composite was cured with a high-powered LED LCU JR-CL 17 (classic) (Foshan JERRY Medical
Apparatus CO., LTD, Foshan, China). Output of the LED 800-1200 mW/cm2 according to the
manufacturer. The output of the LED determined in this study was 1100 mW/cm2 by radiometer LM-1
(Woodpecker®, Guangxi, China). 

This LED emits light with three protocols: standard, ramp, and pulse. The radiant exitance increased from
0 to 1100 mW/cm2 for 5 s and thereafter at a full strength of 1100 mW/cm2 for 15 s in ramp mode. The
pulse mode consisted of irradiation with 1100 mW/cm2 for 0.75 s and a 0.25 s pause alternating for 20
s. 

Temperature test apparatus:

To standardize measurements, we used a modi�ed apparatus from that developed by Hubbezoglu et al.
[15] (Fig. 1). The apparatus consists of a concentric cylinder and disc constructed from Te�on. The Te�on
mold cylinder had a central cavity of 1 mm depth and 3 mm diameter to place the dentin disc. Beneath
the center of this cavity, there was a duct of 1 mm diameter for thermocouple wire insertion. The Te�on
disc was placed above the cylinder. This disc had a central hole of 2 mm depth and a diameter similar to
the diameter of the central cavity of the cylinder. The resin composite was directly placed in this hole onto
the dentin disc to standardize the amount of resin composite sample.

Temperature measurement:

Five specimens of resin composite of each dentin thickness were polymerized using one of the three
curing modes for 20 s (n = 5). All experiments were performed at a constant temperature of 14±1°C. To
record the temperature rise value during the polymerization of the resin composite, we used a K-type
thermocouple connected to a digital thermometer (TES-1300 digital thermometer, TES electrical electronic
corp., Taipei, Taiwan).

The dentin disc was placed in the central cavity of the cylinder without treatment with bonding agents.
Then, the Te�on disc was placed onto the cylinder, and its central hole was �lled with the resin
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composite and then covered with a Mylar strip. The LED tip was positioned on the Mylar strip. 

The temperature rise was recorded at two levels: 

(1) Baseline temperature following temperature stabilization (14±1°C) T1. 

(2) Maximum temperature during polymerization of resin composite T2. 

To obtain the temperature rise ∆T, T1 was deducted from T2 (Additional �le 1).

Statistical analysis:

Data that were obtained were analysed using the statistical software IBM SPSS version 25 (SPSS, Inc.,
Chicago, IL, USA). Temperature rise data were subjected to statistical analysis among the LED curing
modes and dentin thicknesses using two-way analysis of variance (ANOVA). Statistically signi�cant
interactions were followed up with post hoc analyses (Tukey’s HSD test) at a signi�cance level of 0.05.

Results
The means and standard deviations of the temperature rise values of the dentin discs are presented in
Table 1. Two-way ANOVA revealed signi�cant differences in temperature rise values (F=8.724) according
to curing mode (p=0.000) and dentin thickness (p=0.000). The lowest values were recorded with pulse
mode in all dentin thicknesses, whereas dentin thickness of 0.5 mm exhibited the highest mean values in
temperature rise (Fig. 2).

According to the results of Tukey’s test, the standard mode produced signi�cantly higher temperature rise
values than those of pulse mode with the same dentin thickness (p<0.05). The temperature rise values
recorded for standard mode were not signi�cantly higher than those of ramp mode with the same dentin
thickness (p>0.05). 

Examine differences between pulse mode and ramp mode revealed that pulse mode produced signi�cant
temperature rise values in the 0.5- mm- thick group (p<0.05). At other thicknesses, there were no
signi�cant differences between pulse mode and ramp mode (p>0.05).

An inverse proportion was found between the mean temperature rise values and the dentin thickness. A
statistically signi�cant difference was recorded when comparing the 2 mm thick group with the 0.5- and
1-mm thick groups in samples cured with standard mode and between the 2 mm thick group and the 0.5
mm thick group in samples cured with ramp mode (p<0.05). However, there were no signi�cant
differences among dentin thicknesses in samples cured with pulse mode (p>0.05).
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Table 1 Means and standard deviations of temperature rise values (℃) for each dentin thickness and curing

mode tested

Curing mode Dentin thickness

  0.5 1 1.5 2

 
M SD M SD M SD M SD

Standard 4.78 0.4207 4.6 0.641 4.3 0.609 3.5 0.6819

Ramp 4.1 0.4527 3.84 0.391 3.66 0.439 3.14 0.5594

Pulse  3.22 0.3701 3.16 0.829 2.9 0.447 2.52 0.2387

 

Discussion
Resin composites are a common �lling material due to their aesthetic qualities. However, the �lling
material should be harmless for dental pulp as well as aesthetic [22]. Several factors can contribute to
temperature rise in the pulp chamber during dental procedures, including remaining dentin thickness,
curing mode, and light energy per unit area [7, 23, 24]. In this in vitro study, an attempt was made to
examine the effect of three different curing modes of a high-powered LED LCU on the temperature rise
under human primary tooth dentin with different thicknesses during resin composite polymerization. 

A one microhybrid resin composite with shade A3 was used to eliminate any possible variation in thermal
conductivity [25]. Moreover, a resin composite specimen with a thickness of 2 mm was selected to be
clinically practical [26]. We used exposure times of 20 s in all groups according to resin composite
manufacturer instructions [27]. This study aimed to directly investigate the increase in temperature during
resin composite polymerization. Therefore, the dentin discs were not treated with
binding agents. According to Hannig and Bott [13] there were no statistically signi�cant differences
between the temperature rise of the pulp chamber during composite resin polymerization with and
without a previously applied bonding agent. 

Many in vitro studies have used noncarious dentin to measure the temperature rise during polymerization
of resin composites [28, 29]. In this study, caries-free primary molars with physiological root resorption
were used, although structural changes in primary tooth dentin may affect the temperature transmitted to
the pulp [30, 31]. However, young caries-free primary teeth cannot be obtained from an ethical point of
view [23].
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In the current study, a K-type thermocouple was used based on previous studies, which have stated that it
is an appropriate technique to measure temperature changes [32] due to the accuracy of the
measurement at a speci�c point [18]. We placed the light guide tip in direct contact with the resin
composite. The resin composite was also in direct contact with dentin. In addition, a high-powered LED
was used to cure resin composite specimens. These factors boost the heat of reaction. Therefore, this
study represents a worst-case situation for temperature rise during polymerization of resin composite,
especially with little dentin thickness groups. 

The work of Zach and Cohen [6] stated that 5.5°C is the critical value for pulp damage. The peak values
recorded in this study were lower than 5.5°C in all conditions. This could be attributed to LEDs being
photonic devices based on semiconductors that convert electrical energy into light radiation [33] and do
not generate infrared rays [12]. Based on the results of this study, it may be suggested that high-powered
LEDs could be used safely in primary teeth with similar clinical situations. 

In the current study, the mean temperature rise of the dentin discs was affected by various curing modes.
Our results indicate that there were no signi�cant differences between ramp mode and standard mode.
These results disagreed with the work of Al-Qudah et al. [34], who recorded signi�cantly lower
temperature values when using Optilux 501 (Kerr, Peterborough, UK) in ramp mode than in standard
mode. This can be related to differences in the exposure time between the ramp mode (20 s) and
standard mode (40 s) they used. 

The light energy produced by the curing is related to the exposure time and radiant exitance [35]. Loney
and Price [36] observed that the energy produced by LCUs is a main factor for the different temperature
increases of the different polymerization modes. Aguiar et al. [37] studied the temperature rise under third
molar dentin. They obtained dentin disks from human third molars with thicknesses of 1, 2 and 3 mm.
Then, they cured a 2 mm thick layer of composite with �ve curing modes. Their results showed that the
standard mode caused a lower temperature rise than the ramp mode. This may be due to the high radiant
exitance of the ramp mode (1280 mW/cm2) compared to the standard mode (560 mW/cm2) in their
study. The ramp mode used in this study began at radiant exitance of 0 to the maximum power (1100
mW/cm2) for 5 s. Thus, there was not enough time for the suppression of the heat. This could explain
why the ramp mode exhibited a higher temperature rise than the pulse mode.

The lowest temperature rise under dentin discs was recorded with the pulse mode. These data were in
agreement with those of Hubbezoglu et al. [15], who evaluated the effect of three curing modes on the
temperature rise in permanent tooth dentin during the polymerization of six resin composites and their
bonding agents. They observed that pulse mode gave lower temperature rise values than soft-start and
standard modes in all conditions. However, the values obtained were lower than those of the current
study, which could be due to the short exposure time (10 s) they used.

Our results do not agree with Chang et al. [38], who studied the temperature rise during polymerization of
a �owable resin composite placed in a Te�on block with six modes. They reported that the pulse mode
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caused no signi�cantly higher temperature rise (58.6 ℃) than the standard mode (51 ℃), which could be
due to the settings of the LCU used in that study, as the radiant exitance of the pulse mode (1200
mW/cm2) is twice what it is in the standard mode (600 mW/cm2).

The lower rise in temperature recorded with pulse mode is related to pause phases between the irradiation
phases. These lower values of temperature may be explained by the failure of the pulse mode to achieve
the same degree of polymerization obtained with standard mode. In this manner, the results of this study
suggest that the pulse mode produced a lower temperature rise and produced a less polymerized resin
composite.

The second part of the study investigated the effect of increasing dentin thickness on the recorded
temperature rise. According to Guiraldo et al. [39], dentin thickness is a critical factor that in�uences the
amount of heat reaching the pulp, due to the low thermal conductibility of dentin [35]. The present study
con�rmed this because differences were observed in the temperature rise among dentin thicknesses. Our
study reported that the temperature rise of dentin with a thickness of 2 mm was signi�cantly lower than
those with thicknesses of 0.5 mm and 1 mm in samples cured with the standard (p<0.05). When the resin
composite was cured with ramp mode, we observed that dentin discs with a thickness of 0.5 mm
exhibited a signi�cantly higher temperature rise than the 2 mm thick group. However, there was no
statistically signi�cant difference in the temperature rise between dentin thickness when resin composite
cured with pulse mode (p>0.05).

In view of physics, thermal diffusivity is the ratio of thermal conductivity to volumetric heat capacity and
the density of the material [40]. Studies have suggested that the pulse mode allows slower formation of
polymeric chains due to the pause phases, which means that polymerization of resin composites with
pulse mode results in lower cross-link density and lower heat capacity [41], so that the ability of resin
composites to dissipate heat during polymerization increases. This could be explained by the fact that
the pulse mode produced the lowest values of temperature rise, and no signi�cant rise in temperature
among the different thicknesses of dentin.

The results of our study show that the effects of curing modes on temperature rise were statistically
signi�cant. The �rst null hypothesis has been rejected that there were no signi�cant differences in
temperature rise among curing modes. With respect to the dentin thickness, we found a statistically
signi�cant difference between 2 mm dentin thickness when compared with 0.5- and 1-mm thick groups in
samples cured with standard and between 2 mm thickness when compared with 0.5 mm thick groups in
samples cured ramp mode. In this respect, the second null hypothesis has been partially rejected.

The limitation of this study is the thermocouple method, which will alter the temperature recording
accuracy because it involves contact with the surface tested [34]. In addition, this study neglected the
regulatory role of pulpal microcirculation which acts as a refrigerant to heat [42]. Additionally, a cavity
made from Te�on molds was used instead of a cavity prepared in human teeth. Thus, it did not fully
mimic in vivo conditions.
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Further studies should be performed to con�rm the safety of the soft-start curing mode of high-powered
LEDs during the polymerization of resin composites. 

Conclusions
Under the limitations of the present study, few conclusions can be drawn: 

1. The temperature rise during polymerization of the resin composite with the high-powered LED
appeared to be below 5.5 ℃. Hence, it appears to be safe for use in pediatric dentistry.

2. The standard mode led to a signi�cantly higher temperature rise under thinner dentin than the other
modes.

3. Pulse mode allows the target to cool between light pulses, thus it is recommended for use in deep
cavities.  

4. Dentin is an important normal structure that protects the pulp from thermal damage.  
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Figure 1

Temperature test apparatus

Figure 2

Results of temperature rise (℃) for the experimental groups
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