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Objective: To compare the elevations in physiological pulp chamber temperature
and blood microcirculation during light curing using four different light sources at
two different exposure times.
Materials and Methods: The study was performed on eighty Class-V cavities
divided into eight groups of ten experiments each, according to the curing unit and
exposure time. Short-term curing was performed in four groups: quartz-tungstenhalogen (QTH)-20 seconds (s) (XL3000, 3M ESPE, St. Paul, MN, USA); Woodpecker
(WP)-15s (Lux V Light Cure Unit, WP, Apexion Dental Products); KR-10s (Demi Plus
Dental Curing Light, Kerr Dental) and VL-3s (VALO light-emitting diode Curing Light
Xtra Power mode, Ultradent Products, South Jordan, UT, USA). The same units were
used for long-term curing at double the exposure time (i.e., QHT-40s, WP-30s, KR20s, VL-3+3s). Composite material (Filtek Ultimate, 3M/ESPE) was placed into the
cavities, followed by light curing performed at a distance of 1 mm. Temperature
changes in the pulp chamber were recorded. The Kruskal-Wallis test, followed by
Mann-Whitney U multiple comparisons test, were used for statistical analyses, with
p<0.001 considered to be statistically significant.
Results: There were no significant differences among the curing units at the
same exposure times. However, increases in pulp chamber temperatures varied
significantly depending on the curing time (p<0.001). All the curing units induced
significantly higher intrapulpal temperature changes at long-term curing times,
except the WP groups (p<0.001). WP-30s, KR-20s and VL-3+3s exhibited critical
temperature increases >5.5 °C.
Conclusion: Longer curing times led to critical temperature increases in the pulp
chamber. Shorter curing times can protect the pulp tissue against damage caused
by temperature elevations above a certain threshold.
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Öz
Amaç: İki farklı ışınlama süresinde dört farklı ışık kaynağı kullanılarak ışıkla
sertleştirme sırasında fizyolojik kan mikrosirkülasyonu ile birlikte pulpa odası
sıcaklık artışlarını karşılaştırmak.
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Gereç ve Yöntemler: Çalışma, farlı ışık kaynakları ve farklı ışınlama süresine göre, her biri 10 deneyden oluşan sekiz grupla seksen
Sınıf-V kavite üzerinde gerçekleştirilmiştir. Kısa süreli kürleme dört grupta gerçekleştirildi: kuvars-tungsten-halojen (QTH) 20 saniye
(XL3000, 3M ESPE, St. Paul, MN, ABD); Woodpecker (WP) -15s (Lux V Işık Tedavi Ünitesi, WP, Apexion Dental Ürünleri); KR-10s (Demi
Plus Dental Kür Işık, Kerr Dental); ve VL-3s (VALO ışık yayan diyot Kür Işık Xtra Güç modu, Ultradent Ürünler, South Jordan, UT, ABD).
Aynı birimler, pozlama süresinin iki katı uzun süreli ışınlama için kullanılmıştır (yani, QHT-40s, WP-30s, KR-20s, VL-3+3s). Kompozit
malzeme (Filtek Ultimate, 3M/ESPE) boşluklara yerleştirildi, ardından 1 mm mesafede ışıkla sertleştirme yapıldı. Pulpa odasındaki
sıcaklık değişimleri kaydedildi. Kruskal-Wallis testi, ardından Mann-Whitney U çoklu karşılaştırma testi uygulanmış, istatistiksel
analizlerde p<0,001 istatistiksel olarak anlamlı bulunmuştur.
Bulgular: Aynı ışınlama süreleri içerisinde ışınlama cihazları arasında önemli bir farklılık yoktu. Bununla birlikte, pulpa odası
sıcaklıklarındaki artışlar, ışınlama süresine bağlı olarak önemli ölçüde değişmiştir (p<0,001). Tüm sertleştirme üniteleri, WP grupları
hariç, uzun süreli ışınlama sürelerinde, önemli ölçüde daha yüksek sıcaklık değişikliklerine neden olmuştur (p<0,001). WP-30s, KR-20s
ve VL-3+3s, > 5,5 °C kritik sıcaklık artışları sergiledi.
Sonuç: Daha uzun ışınlama süreleri, pulpa odasındaki kritik sıcaklık artışlarına yol açmıştır. Daha kısa ışınlama süreleri, pulpayı belirli
bir eşiğin üzerindeki sıcaklık yükselmelerinin neden olduğu hasara karşı koruyabilir.

Introduction
The detrimental effects of increased temperature
in pulp tissue during restorative treatment(s) have
been a concern in dentistry for decades. The classical
animal study by Zach and Cohen (1) demonstrated a
threshold temperature for irreversible pulpal damage
to a healthy tooth when external heat is applied.
An intra-pulpal temperature increase of 5.5 °C led
to necrosis in 15% of the tested pulps; an increase
of 11 °C induced 60% damage; and an increase
of 16 °C resulted in irreversible tissue damage to
100% of the pulps tested (1). The major factors
leading to pulp tissue damage include: protoplasm
coagulation; vascular injury in the tissue; and
expansion of the lymph fluid in the dentin tubules
(2). The photopolymerization process can also cause
a significant increase in temperature. In previous in
vitro and in vivo experiments, temperature increases
in the pulp chamber were found to be as high as 20
°C depending on the method of tooth preparation,
photoactivation, and the various materials used (37). In some earlier in vitro studies, it was also found
that the photopolymerization of composite resin
increased the temperature in the pulp chamber
by only a few degrees due to the heat insulation of
the hard tissue within the tooth (8,9). Temperature
increases in the pulp chamber depend on the type of
light source, the output power density, exposure time
to the light, the distance between the tooth and the
fiber optic tip, the composite color tone, the thickness
of the composite material, and the remaining dentin
thickness (3-5,10,11). The increase in temperature in
the pulp chamber during curing represents the sum

of light energy from the curing unit and the heat from
the exothermic reaction during polymerization of the
composite resin (12,13).
There are many factors that affect heat build-up in
the dentin pulp complex, including the intensity and
duration of heat applied to the tooth, the movement
of the lymph fluid in the dentin tubules, pulpal blood
microcirculation, and blood flow changes in the
pulp depending on the nervous system of the pulp
(14). Pulpal microcirculation flow is reported to be
approximately 20-60 mL/per minumum (min) per
100 g of tissue in healthy teeth (15,16). The pulpal
microcirculation is known to be the primary system
that regulates heat distribution inside the pulp tissue
and, thus, partially absorbs external thermal heat (1417).
The primary objective of the present study was to
determine the extent to which the total heat increase
due to light curing and polymerization varies with the
physiological heat of the pulp chamber at 37 °C and
simulated pulpal microcirculation for different curing
units and exposure times.

Materials and Methods
This study was approved by the Pamukkale
University Ethics Committee of the Faculty of
Medicine (approval number: 06, date: 20.04.2017).
Before the tooth extraction, consent forms stating
that the extracted teeth can be used in scientific
research were signed by the patients.
Sample Preparation
The sample size was determined at a 95%
confidence interval and a significance level of 0.001
Meandros Med Dent J 2020;21:104-10
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(effect size =1.37), according to the study by Kodonas
et al. (18) eighty extracted-human mandibular
premolar tooth was used in the study. The specimens
were stored in 0.1% thymol solution until beginning
of the experments. The study was performed with 8
groups of 10 experiments each.
A standardized cavity (3×4×2 mm3) with a
Class-V preparation was used with a pulpal wall
thickness of 1 mm. Pulpal dentin wall thickness
was confirmed using radiography. The roots were
sectioned using a water-cooled carborundum disk
approximately 1 mm below the cemento-enamel
junction upright to the long axis of the tooth.
The coronal pulpal tissues were cleaned using
an excavator (EXC17, Osung, USA), and the pulp
chamber was irrigated with distilled water and
gently dried with air. Access to the pulpal chamber
was prepared, as needed, via the proximal surface
of the sample to enable insertion of a 0.4 mm
diameter thermocouple wire (Figures 1, 2). The
intrapulpal temperature changes during the curing
of the composite resin were determined with a
device that simulated pulpal blood microcirculation
(12,17,19). A K-type thermocouple (TT-K-30-SLE;
Omega Engineering Inc. Stanford, CT, USA) was
inserted into the pulp chamber until contact with
the axial wall and sealed with thermal grease
(ZM-STG2; Zalman Tech Co. Ltd. Dongan-gu, South
Korea). The position of the thermocouple point was
confirmed radiographically from two directions.
The access hole of the thermocouple wire was filled
with light-curing glass-ionomer cement (Ionoseal,

Figure 1. Schematic drawing of the mandibular premolar
tooth and Class-V cavity with experimental microcirculation
apparatus
Meandros Med Dent J 2020;21:104-10

VOCO, Cuxhaven, Germany) to avoid leakage from
the system. The thermocouple cable was connected
to a data logger (DT-3891G; CEM, Shenzhen, PRC),
which was connected to a personal computer to
monitor temperatures changes.
Pulpal Microcirculation Simulation Model
The specimen was mounted on an experimental
device made specifically for this study, which
simulated pulpal blood microcirculation and regulated
the temperature of the tooth to within physiological
limits (37 °C ±1 °C). A standard infusion set (24.08000;
Beybi Medical, İstanbul, TR) was attached to a
digital water bath (WB-11; Daihan, Wonju, South
Korea) holding distilled water. Two 25-gauge needles
(8696569000777, Hayat Medical Co., İstanbul,
Turkey) were placed to provide intrachamber
microcirculation through the hole of a temperaturecontrolled aluminum base plate (TCAP), and used as
an inflow/outflow pathway for the distilled water.
Needles were attached to the drilled hole of the TCAP
using cyanoacrylate adhesive. The specimens were
fixed using a light-cured glass ionomer liner cement
(Ionoseal; VOCO, Cuxhaven, Germany) on the TCAP in
such a way that the needles lined-up with the inside
of the pulp chamber. The flow rate of the distilled
water was set at 0.0125 mL/min using an infusion
pump set (IP12A; Biocare, Shenzhen, China), which
was attached to the system (Figure 1). To provide
physiological temperature in the pulp chamber, a 4
mm diameter, spiral-shape copper tube was attached
under the TCAP using thermal grease and connected
to a standard infusion set in a water bath. Hot water

Figure 2. a: Experimental tooth Class-V cavity, b: bottom view
of the “TCAP”, c: the position of the tip of the irradiation
device, d: top view of the test setup
TCAP: Temperature-controlled aluminum base plate
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flowed from inside the copper tube to regulate
physiological temperature to the TCAP (Figure 3).
Following the application of bonding agent
(3M Scotchbond Multipurpose Plus, MN, USA) the
cavities were restored with sufficient composite
material (Filtek Ultimate, 3M/ESPE, Minneapolis, MN,
USA) then light cured. Intrachamber temperature
elevations were simulated by applying the various
curing units with different time settings to the buccal
direction of the Class-V cavity. The tips of the light
sources were positioned 1 mm from the tooth. The
curing units included a conventional halogen lamp
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and three high-intensity light-emitting diode (LED)
lamps. Two different exposure times for each curing
unit were tested in accordance with manufacturer’s
instructions. Four different curing units, their
specifications, and time sets are listed in Table 1. The
output power of the light-curing units were measured
using a digital radiometer (Cure Rite; Caulk/Dentsply,
Milford, DE, USA).
Statistical Analysis
The changes between initial and maximum
temperature in the pulp chamber axial wall (Δt) were
recorded during the experiment, and the effect of
light curing on temperature change was examined.
The median changes in temperature from the initial
physiological baseline are summarized in Table 1.
The Shapiro-Wilk omnibus normality test revealed
that the data were not normally distributed. The
Kruskal-Wallis test, followed by Mann-Whitney U
multiple comparisons test, was used for statistical
analyses (SPSS version 23.0, IBM Corporation,
Armonk, NY, USA); p<0.001 was considered to be
statistically significant.

Results
Figure 3. Bottom view of the temperature-controlled aluminum
base plate, which is part of the experimental apparatus to
regulate the tooth physiological temperature

The median and interquartile ranges of maximum
temperature increases according to the different lightcuring sources and curing time sets are presented in

Table 1. Light-curing units used in the study and the median and interquartile ranges of temperature increases
obtained from the test groups and intergroup comparisions
Groups

Light-curing units

Light
type

Output of light
tip (mW/cm2)

Curing
time (s)

Temperature increase
(Δt) (Median and IQR)

QTH-20 s

XL3000
(3M ESPE, St. Paul, MN, USA)

QTH

640

20

3.75 (3.3-4.5)ab

WP-15 s

Lux V Light Cure Unit (Woodpecker, Guangxi, China)

LED

1.000

KR-10 s

Demi™ Plus Dental Curing Light (Kerr Dental, USA)

LED

1.200

10

3.9 (3.7-4.3)a

VL- 3 s

VALO LED Curing Light Xtra Power mode (Ultradent,
South Jordan, Utah)

LED

3.200

3

4 (3.8-4.9)ae

QTH-40 s

XL3000 (3M ESPE, St. Paul, MN, USA)

QTH

640

40

5.4 (5.1-5.9)cde

WP-30 s

Lux V Light Cure Unit (Woodpecker, Guangxi, China)

LED

1.000

30

5.85 (5.4-6.4)d

KR-20 s

Demi™ Plus Dental Curing Light (Kerr Dental, USA)

LED

1.200

20

5.85 (5.2-6)cd

VL-3/3 s

VALO LED Curing Light Xtra Power mode (Ultradent,
South Jordan, Utah)

LED

3.200

3/3

5.85 (4.6-6.2)cd

15

4.45 (4-5)ac

*There are no significant differences between temperature increases with the same superscript letter
(Kruskal-Wallis test, Post-hoc Bonferroni test, p<0.001), IQR: Interquartile Ranges, mW/cm2: Millwatt/square centimeter, s: Second, Δt: Temperature
changes, LED: Light-emitting diode, QTH: Quartz-tungsten-halogen, The same superscript letters are demonstrated no significant differences (p<0.05)
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Table 1. There was no significant difference among all
light curing units in both short- and long-term curing
applications. However, pulp chamber temperature
increases varied significantly depending on curing time
[p<0.001 (Kruskal-Wallis test)]. All tested light-curing
sources induced significantly higher intrachamber
temperature changes in the long-term curing times,
except for the WP group [p<0.001 (Bonferroni
post-hoc test)].
The WP-30s, KR-20s and -3+3s groups demonstrated
statistically significant critical temperature increases
(i.e., >5.5 °C) (Table 2). The maximum temperature
increase was observed on completion of light
exposure (Figure 4).

Discussion
In deep restorations, the heat generated by light
curing of the composite and the effect of this heat on
the pulp are particularly important. Whitworth et al.

Figure 4. A graph which is showing the temperature increase
during and after the 15 seconds exposure period

Table 2. Distributions of experiments below and above
the critical temperature of 5.5 °C
Groups

Below 5.5 °C (n)

Above 5.5 °C (n)

QTH-20 s

10 (100%)

0 (0%)

WP-15 s

10 (100%)

0 (0%)

KR-10 s

10 (100%)

0 (0%)

VL-3 s

10 (100%)

0 (0%)

QTH-40 s

5 (50%)

5 (50%)

WP-30 s

1 (10%)

9 (90%)

KR-20 s

2 (20%)

8 (80%)

VL-3+3 s

2 (20%)

8 (80%)

QTH: Quartz-tungsten-halogen
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(20) found that pulp damage was increased during
deep restorations. When amalgam and composite
deep restorations were compared, the incidence
of pulp damage in the composite restorations was
higher. Results of our model suggest that temperature
increases in the pulp chamber and microcirculation
during the curing of deep restorations varied with
different curing units and at different times. It was
clear that the increase in pulpal temperature varied
according to the situation, and negatively affected the
health of the pulp tissue; however, it was not clear
at which temperature increment the pulp tissue was
affected in the negative direction. Zach and Cohen
(1) found that a temperature increase of 5.5 °C in the
pulp tissue of rhesus monkey teeth caused necrosis
in 15% of the pulp tissues. This was consistent with
results reported by Pohto and Scheinin (19), and
suggests that the irreversible damage of pulp tissue
begins at 42-44 °C. The previous study by Zach
and Cohen (1) demonstrated that pulp chamber
temperature increased in a linear fashion because of
the heat source used. However, in the present study,
temperature increases due to the sum of the energy
resulting from the light energy and the composite
polymerization energy during light curing did not
exhibit a linear progression (Figure 3). In a different
study on human teeth reported that short-term
temperature increases that were increased up to
14.7 °C did not cause degenerative changes in pulp
tissue (21), while in another study, it was found that
a temperature increase of 11-20 °C caused damage
to the tissue (22). Safe temperature criteria for pulp
tissue may be developed more accurately with the use
of cultured cells and varying curing times (23,24). In
this context, it is necessary to develop more detailed
safety criteria based on temperature.
In vitro studies depend on many factors, such
as temperature increase, the heat/light source,
application time, thickness of the dental tissue, and
microcirculation in the pulp chamber (12,17,18). In a
previous study, the coronal pulp chamber volume of
the mandibular premolar teeth was estimated to be
0.025 mL, and a serum infusion pump was set to a
flow rate 0.0125 mL/min to simulate microcirculation
in the pulp chamber (25). In several previous studies,
the microcirculation did not take into account the
contribution of regulating temperature in the pulp
chamber (26-28). Many in vitro studies have been
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performed using a 37 °C hot water tank. To achieve
better clinical results, Kodonas et al. (18) simulated
microcirculation flow in the pulp chamber by
maintaining inflow at a constant 37 °C, which more
accurately reflects in vivo conditions (29). In our
pilot study, it was determined that the physiological
temperature in the pulp chamber, which we attempted
to adjust only by microcirculation, was very unstable.
Therefore, the experimental conditions used to mimic
periodontal tissues and regulate the temperature of
the environment were adapted using a TCAP (Figure
2). Thus, the temperature in the pulp chamber
was consistently maintained at 37±1 °C before the
experiment.
In an in vitro study by Weerakoon et al. (30),
Class-V composite restorations were cured for 40
seconds in premolar teeth. They found that LED light
increased the temperature of the pulp chamber
less than a halogen lamp. In our study, there was
no significant difference in temperature increase
between the quartz-tungsten-halogen (QTH) and
LED groups in the short- and long-term curing
settings (Table 1).
Exposure time is another crucial factor that
influences temperature (8,29). During curing of the
composite resin, the primary factor that increases
temperature is light energy, while the secondary
factor is the exothermic heat energy produced during
polymerization of the composite resin (31). Total
radiation exposures for the short-term setting groups
were approximately 12.8, 15, 12, and 9.6 J/cm2, and
those for long-term irradiation groups were double
these values. However, the temperature increases did
not appear to follow the order of total radiation. This
may be due to the fact that the total heat generated is
regulated along with a microcirculation effect during
different irradiation times. Almost all manufacturers
that produce composite materials recommend 40
seconds of curing time. We selected two different
exposure times set for each of the curing units,
in accordance with manufacturer’s instructions.
Significant differences in pulp chamber temperature
elevations were found among short-term and longterm exposure times in experiments with all curing
units (p<0.001); this result is consistent with a previous
study, except for the WP group (29). Long-term curing
times for the QHT-40s, WP-30s, KR-20s and VL-3+3s
units resulted in temperature increases >5.5 °C in the
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pulp chamber. To achieve optimum curing times for
QHT-20s, WP-15s, KR-10s and VL-3s, temperature
increases in the pulp chamber should be limited to
under safe limits (i.e., <5.5 °C).
In this in vitro study, which simulated the
microcirculation in the pulp chamber at 37 °C, various
curing units were used at different time settings,
and it was verified whether critical temperature
increases in the pulp chamber had reached the 5.5
°C threshold. Although in vitro simulation closely
approximates physiological conditions, it is not able to
fully simulate the in vivo environment. Although the
pulp microcirculation is kept constant in such in vitro
studies, factors, such as age and gender, can actually
influence pulpal microcirculation volume (32). In
addition, the TCAPs that were used in this study to
simulate the periodontal tissues may not simulate
the in vivo environment. Because such studies are
not ethical to perform in vivo, development of
more realistic experimental simulation devices and
protocols are anticipated to provide more accurate
results.

Conclusion
Long-term curing times with LEDs exceeded critical
temperature increases of 5.5 °C in the pulp chamber.
Exposure time is an important risk factor for damage
to the pulp tissue. Therefore, to prevent-or, at least
mitigate-damage to the pulp tissue, short-term light
exposure is the safer option.
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