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ABSTRACT
Introduction: Dental pulp is a highly vascularized tissue whose 
vitality is known to be impaired during tooth preparation and 
clinical restorative procedures but the rise in its temperature 
during the use of light curing units is often overlooked. The 
dental pulp is a low compliance system which does not respond 
well to increased temperature.

Aim: The purpose of this study was to examine the temperature 
rise caused by different light curing units i.e., LED (Light 
Emitting Diode), QTH (Quartz Tungsten Halogen), PAC (Plasma 
Arc Curing) and to examine the influence of Remaining Dentin 
Thickness (RDT) i.e., 2mm, 1mm and 0.5 mm on the temperature 
increase in pulp.

Materials and Methods: Dentin disks of different thicknesses 
i.e., 0.5mm, 1mm and 2mm were prepared. Composite resin 
was placed on the dentin disks which were cured using three 
different lights. The intrapulpal changes in temperature during 

the curing of the composite resin were determined with the 
help of a thermo couple. Ten readings were taken for each light 
curing unit at 2mm, 1mm and 0.5 mm RDT and the temperature 
rise in Degree Celsius was recorded.

Results: The changes in the intrapulpal temperature due to 
LED, QTH and PAC with 0.5mm, 1mm and 2mm RDT dentin 
disks were determined as a difference between the initial and 
maximum temperature values. When the results were compared 
among PAC and LED, the intrapulpal rise in temperature was 
significantly higher with PAC. With respect to QTH and LED and 
QTH and PAC, QTH had highly significant values of temperature 
rise when compared to LED and PAC.

Conclusion: It was observed from the study that remaining 
dentin thickness is inversely proportional to temperature rise. 
Also, the choice of curing unit is vital when polymerising light 
activated resin based restorations minimise any thermal damage 
to pulp.

INTRODUCTION
Since several years, damage to pulp has been a key consideration in 
dental treatment. The pulp is highly responsive to thermal damage. A 
variety of restorative and prosthetic procedures such as preparation 
of cavity, tooth preparation, polymerisation of lining materials and 
curing of restorative resin materials are potential sources of thermal 
damage to the pulp [1,2]. Several other factors such as the thickness 
and shade of the restorative material, its contents, porosity, duration 
of curing and Residual Dentin Thickness (RDT) also cause thermal 
damage to the pulp [3]. Curing lights are used for polymerisation 
of light cure resin based composites and other dental materials 
that can be cured with light. Curing lights are of several types that 
include Quartz Tungsten Halogen curing light (QTH), Light Emitting 
Diode (LED) curing light, Plasma Arc lights (PAC) and Argon ion 
lasers. Animal studies in the literature on rhesus monkeys have 
shown that a rise in the intrapulpal temperature by 5.6°C resulted in 
irreversible pulpal damage and pulpitis in 15% of monkeys whereas 
11°C and 16.6°C increase in the pulpal temperature caused pulpal 
damage in 60% and 100% of monkeys respectively [1]. Intrapulpal 
rise in temperature during curing of light activated resin materials 
relates to heat released during polymerisation of the material and 
heat emanated from the dental curing light, with the heat from the 
curing light being the major contributing factor [3,4]. The type of 
curing light may also affect the intensity of thermal damage caused 
to the pulp.

This study was designed to evaluate the temperature rise caused by 
different light curing units i.e., LED, QTH, PAC and to examine the 
influence of RDT i.e., 2mm, 1mm and 0.5 mm on the temperature 
increase in pulp in vitro.

MATERIALS AND METHODS
The materials used in the study were cold cure acrylic base plate for 
stabilization [Table/Fig-1] dentin disks of three different thicknesses 
i.e., 2mm, 1mm and 0.5mm [Table/Fig-2]. The three curing lights 
used were Quartz tungsten halogen (QTH, HILUX 250), Light 
emitting diode (LED, Be Cool Turbo) and Plasma arc curing (PAC, 
Dentamerica LITEX-685) [Table/Fig-3].

A thermocouple with its tip secured to a digital thermometer was 
used for evaluation of the temperature. An outlet was made on the 
opposing side of the cold cure acrylic base plate with the attached 
dentin disk for the attachment of the thermocouple [Table/Fig-4,5]. 
The thermocouple was placed at the centre of the outlet prepared 
and the light guide exit windows of the light curing units were placed 
above the dentin disks in the centre and activated for time duration 
of 20 seconds [Table/Fig-6]. The temperature rise was noted.

The same arrangement and procedure is repeated for the dentin 
disks of 2mm, 1mm and 0.5mm thicknesses. For statistical analysis, 

[Table/Fig-1]: Stabilization of dentin disk in cold cure acrylic. [Table/Fig-2]: Dentin 
disks of different thicknesses (0.5mm, 1mm and 2mm).
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the data registered with the above mentioned arrangement was 
then subjected to one-way ANOVA and t-test with a significance 
level of 0.05.

RESULTS
The changes in the intrapulpal temperature due to LED, QTH 
and PAC with 0.5mm, 1mm and 2mm RDT dentin disks were 

[Table/Fig-8]: Change in intrapulpal temperature due to LED, QTH and PAC (in 
degree Celsius) with 2mm RDT

[Table/Fig-3]: Quartz tungsten halogen (a), Light emitting diode (b), Plasma arc 
curing (c).

[Table/Fig-9]: Change in intrapulpal temperature due to LED, QTH and PAC (in 
degree Celsius) with 1mm RDT.

[Table/Fig-4]: Outlet made on the opposing side for the attachment of thermocouple. 
[Table/Fig-5]: Attachment of thermocouple to dentin disk.

[Table/Fig-6]: Light curing of composite resin placed on dentin disk to which a 
thermocouple is attached.

[Table/Fig-7]: Comparison of Mean effects across the three RDT groups (0.5, 1, 2 mm) across the three light curing units (LED, QTH, PAC).
Statistical significance determined by following tests S: Significant Across the group comparisons: by One-way ANOVA (F-test) HS: Highly significant pair-wise comparisons: by Bonferroni Multiple Comparison 
test NS: Not significant

rDt 2mm LeD (oC) Qth (oC) paC (oC)

1 3.1 3.9 3.0

2 2.3 3.6 2.1

3 2.3 3.3 2.1

4 2.1 3.6 3.3

5 3.4 3.6 3.5

6 2.1 3.1 2.6

7 2.3 3.9 2.3

8 2.7 3.3 2.7

9 3.5 3.5 2.3

10 3.2 3.6 3.1

rDt 1mm LeD (oC) Qth (oC) paC (oC)

1 3.5 4.8 3.6

2 3.1 5.4 3.8

3 2.8 5.0 3.8

4 3.4 5.6 3.8

5 3.3 5.0 3.9

6 3.1 4.8 3.7

7 3.0 5.6 3.9

8 3.6 5.2 4.1

9 2.8 5.2 3.8

10 3.1 5.8 4.1

Light curing units rDtmm n mean Std. Dev. Significance of mean difference    

LeD Groups    pairs for comparisons mean difference p-value Significance

 0.5 10 3.57 0.27 0.5 Vs 1mm 0.4 0.087 NS

 1 10 3.17 0.28 0.5 Vs 2mm 0.87 0.001 HS

 2 10 2.7 0.55 1 Vs 2mm 0.47 0.035 S

 Total 30 3.15 0.52 Across the 3 groups 0.0001 HS

QTH 0.5 10 6.86 0.49 0.5 Vs 1mm 1.62 0.001 HS

 1 10 5.24 0.35 0.5 Vs 2mm 3.32 0.001 HS

 2 10 3.54 0.25 1 Vs 2mm 1.7 0.001 HS

 Total 30 5.21 1.43 Across the 3 groups 0.001 HS

PAC 0.5 10 4.31 0.36 0.5 Vs 1mm 0.46 0.029 S

 1 10 3.85 0.16 0.5 Vs 2mm 1.61 0.001 HS

 2 10 2.7 0.51 1 Vs 2mm 1.15 0.001 HS

 Total 30 3.62 0.78 Across the 3 groups 6.001 HS

determined as a difference between the initial and maximum 
temperature values. When the dentin disks of 2mm RDT were 
cured by LED, QTH and PAC, a significantly higher rise (p < 0.05) in 
intrapulpal temperature was observed with the use of QTH in all the 
10 samples with a difference of approximately 10C [Table/Fig-7,8]. 
A higher temperature rise was observed with reduced thickness 
of dentin disks. The temperature rise with 1mm dentin disks was 
higher with use of QTH than other curing lights and also higher than 
the rise observed with 2mm RDT disks by approximately 1.40C 
[Table/Fig-7,9]. There was a difference of temperature rise on curing 
of approximately 40C between dentin disks of 2mm and 0.5 mm 
thickness [Table/Fig-7,10].

When the results were compared among PAC and LED, the 
intrapulpal rise in temperature was significantly higher (p < 0.05) 
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with PAC. With respect to QTH and LED and QTH and PAC, QTH 
had highly significant values (p < 0.05) of temperature rise when 
compared to LED and PAC [Table/Fig-7,11].

DISCUSSION
This study evaluated the intrapulpal temperature rise by the use of 
three different curing lights, LED (Light emitting diode), QTH (Quartz 
tungsten halogen) and PAC (Plasma arc curing) on dentin disks of 
2mm, 1mm and 0.5mm thickness.

It has been suggested that high performance curing lights cause an 
increase in the intrapulpal temperature and result in pulpal necrosis. 
The normal temperature of pulp is about 1.7°C in incisors, 1.9°C in 
premolars and 1.2°C in molars and the critical threshold where pulpal 
changes can be observed is 5.5°C [1]. The mechanism of pulpal 
temperature rise does not involve infection or any microorganisms 
and the signs and symptoms of pulpal necrosis can be observed 
after several months of exposure to curing light. At this time it gets 
difficult for the clinician to diagnose or relate the symptoms to pulpal 
changes resulting from curing light. Pulpal blood flow rate which is 
high in dental pulp as compared to other oral tissues also makes the 
tooth more susceptible to temperature change [5].

Several studies have reported that the heat generated during 
restorative procedures is harmful to the pulp [6,7] and that the heat 
generated by the light source is mainly responsible for the pulpal 
temperature rise [8]. High energy output sources cause more 
damage than low energy output sources [9].

Diverse combinations of curing lights and dentin disks of different 
thicknesses produced statistically significant differences in 
temperature rise. The traditional clinical threshold of 5.5°C was 
reached when QTH was used on dentin disks of 0.5mm thickness. 
Therefore, the combination of curing light, restorative material and 
tooth anatomy should always be considered before any restorative 
or prosthetic procedures.

[Table/Fig-10]: Change in intrapulpal temperature due to LED, QTH and PAC (in 
degree Celsius) with 0.5 mm RDT.

rDt 0.5mm LeD (oC) Qth (oC) paC (oC)

1 3.5 7 4

2 3.3 6.2 3.8

3 3.3 6 4.2

4 3.3 7.3 3.8

5 3.7 7.1 4.6

6 3.9 6.6 4.4

7 3.3 7.4 4.4

8 3.9 7.1 4.9

9 3.9 6.6 4.6

10 3.6 7.3 4.4

Among all the curing lights, the lowest rise in intrapulpal temperature 
was caused by LED curing light. However, it should not be 
understood by the clinicians that LED will not cause damage to the 
pulp or is the best curing light. Compared to LED and PAC curing 
lights, QTH caused significantly higher temperature rise considering 
its low irradiance value (790 mW/cm2). As the power of the curing 
lights reduce, the irradiation time increase proportionately [9].

[Table/Fig-11] show a steep increase in the temperature rise when 
QTH was used with reducing dentin thickness. It is a rational 
hypothesis that the intrapulpal temperature rise would be higher 
with longer duration of irradiation. The tooth anatomy i.e., the size 
of the pulp chambers and RDT also plays a significant role in pulpal 
temperature rise. 

Similar results have been reported by Rajesh Ebenezar AV et al., 
Ulusoy C et al., Uzel A et al., and Malkoc S et al., that reported higher 
temperature rise caused by halogen lights as compared to LED and 
PAC [10-13]. However, some studies have reported contradictory 
results to the present study, stating that LED and halogen are 
low energy output sources and cause lower temperature rise as 
compared to PAC [14]. Another study also reported fewer rises in 
temperature to a traditional halogen curing light as compared to 
high energy output sources [15]. A study carried out to evaluate 
the effect of light activation of composite restoration on primary 
molar concluded that LED curing light caused a significant elevation 
of intrapulpal temperature of greater than 5.5 degree Celsius 
[16]. Another study indicated that the intrapulpal temperature rise 
is affected by remaining dentin thickness during light curing of 
composite resin [17].

Since the exothermic reaction during polymerisation reaction of 
light activated resin restorative materials and heat emanating from 
the curing lights cannot be avoided, the finding that intrapulpal 
temperatures can be raised to a value that can damage the pulp is 
of concern to the dental clinicians. Nevertheless, several restorations 
have been performed without a significant pulpal damage. Therefore, 
precautions should be taken by the clinicians such as conservative 
cavity preparation allowing the RDT to be more which insulates the 
pulp chambers from the heat, use of a cavity liner material that does 
not generate heat and needlessly long irradiation periods.

CONCLUSION 
The lowest intrapulpal temperature rise was induced by LED curing 
light. This study shows that the remaining dentin thickness is 
inversely proportional to the temperature rise and that the choice of 
curing light is crucial when polymerising light activated resin based 
restorations to minimise any thermal damage to the pulp. Type of 
curing light, type of restorative material, tooth anatomy affect the 
pulpal temperature. The clinician should be aware of all these factors 
and should take them into consideration to prevent thermal damage 
to the pulp. 

REFERENCES
 Zach L, Cohen G. Pulp response to externally applied heat. Oral Surg Oral Med [1]

Oral Pathol. 1965;19(4):515-30. 
 Baldissara P, Catapano S, Scotti R. Clinical and histological evaluation of [2]

thermal injury thresholds in human teeth: A preliminary study. J Oral Rehabil. 
1997;24(11):791-801.

 Shortall AC, Harrington E. Temperature rise during polymerization of light [3]
activated resin composites. J Oral Rehabil. 1998;25:908-13.

 Hussey DL, Biagioni PA, Lamey PJ. Thermographic measurement of temperature [4]
change during resin composite polymerization in vivo. J Dent. 1995;23(5):267-
71. 

 Park S-H, Roulet J-F, Heintze SD. Parameters influencing increase in pulp [5]
chamber temperature with light-curing devices: curing lights and pulpal flow 
rates. Operative Dentistry. 2010;35(3):353-61.

 Meredith N, Setchell DJ. In vitro measurement of cuspal strain and displacement [6]
in composite restored teeth. J Dent. 1997;25:331337.

 Stansbury JW, Dickens B, Liu DW. Preparation and characterization Of [7]
cyclopolymerizable resin formulations. J Dent Res. 1995;74:1110-15.

 Goodis HE, White JM, Marshall GW, Yee K, Fuller N. Effects of Nd: And Ho: [8]
Yttrium-Aluminium-Garnet lasers on human dentine fluid flow and dental pulp-
chamber temperature in vitro. Arch Oral Biol. 1997;42:845-54.

[Table/Fig-11]: Mean values of temperature rise caused by LED, QTH and PAC 
curing lights on dentin disks of 2mm, 1mm and 0.5mm thickness (Green colour key 
in figure).



Jasmeet Chandhok et al., Intrapulpal Rise in Temperature Due to Various Curing Units- in Vitro Study www.jcdr.net

Journal of Clinical and Diagnostic Research. 2018 Oct, Vol-12(10): ZC23-ZC262626

 [9] Ramoglu SI, Karamehmetoglu H, Sari T, Usumez S. Temperature rise caused in 
the pulp chamber under simulated intrapulpal microcirculation with different light-
curing modes. Angle Orthodontist. 2015;85(3):381-85.

 Rajesh Ebenezar AV, Anilkumar R, Indira R, Ramachandran S, Srinivasan MR. [10]
Comparison of temperature rise in the pulp chamber with different light curing 
units: an in-vitro study. J Conserv Dent. 2010;13:132-35.

 Ulusoy C, Irmak O, Bagis YH, Ulusoy OI. Temperature rise and shear bond [11]
strength of bondable buccal tubes bonded by various light sources. Eur J 
Orthod. 2008;30:413-17.

 Uzel A, Buyukyilmaz T, Kayalioglu M, Uzel I. Temperature rise during orthodontic [12]
bonding with various light-curing units—an in vitro study. Angle Orthod. 
2006;76:330-34.

 [13] Malkoç S, Uysal T, Uşümez S, Işman E, Baysal A. In-vitro assessment of 
temperature rise in the pulp during orthodontic bonding. Am J Orthod Dentofacial 
Orthop. 2010;137:379-83.

 Usumez A, Ozturk N. Temperature increase during resin cement polymerization [14]
under a ceramic restoration: effect of type of curing unit. Int J Prosthodont. 
2004;17:200-04.

 Santini A, Watterson C, Miletic V. Temperature rise within the pulp chamber [15]
during composite resin polymerization using three different light sources. Open 
Dent J. 2008;2:137-41.

 [16] Vinall CV, Garcia-Silva TC, Lou JSB, Wells MH, Tantbirojn D, Versluis A. Intrapulpal 
temperature rise during light activation of restorative composites in a primary 
molar. Pediatr Dent. 2017;39(3):125-30.

 [17] Armellin E,  Bovesecchi G,  Coppa P,  Pasquantonio G,  Cerroni L. LED curing 
lights and temperature changes in different tooth sites. Bio Med Research 
International.  2016;2016:1894672.

partiCULarS oF ContriBUtorS:
1. Reader, Department of Prosthodontics, Swargiya Dadasaheb Kalmegh Smruti Dental College and Hospital, Nagpur, India.
2. Reader, Department of Conservative Dentistry and Endodontics, VSPM Dental College and Research Centre, Nagpur, India.
3. Lecturer, Department of Periodontology, Swargiya Dadasaheb Kalmegh Smruti Dental College and Hospital, Nagpur, India.

name, aDDreSS, e-maiL iD oF the CorreSponDinG aUthor:
Dr. Grishmi Niswade,
Department of Periodontology, Swargiya Dadasaheb Kalmegh Smruti Dental College and Hospital, Nagpur-441110,
Maharashtra, India.
E-mail: grish1989@gmail.com

FinanCiaL or other CompetinG intereStS: None.

Date of Submission: Jun 18, 2018
Date of Peer Review: Jul 05, 2018
Date of Acceptance: aug 02, 2018

Date of Publishing: oct 01, 2018


