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Introduction
The most important success factor for long-term primary 
and permanent root canals therapy is the disinfection of 
the root canals and the surrounding dentin. The use of 
conventional methods of root canal disinfection such as 
files, broaches and antimicrobial irrigating substances, 
due to limitations like complex and different views of root 
canal, presence of too many subcanals, small canal size, 
inaccessibility of tools and antimicrobials to root canal 
length and inadequate penetration into infected dentin, 
does not guarantee the long-term success of root canal 
treatment, leading to retreatment or complementary 
treatments.1-5 The intracanal irrigants penetrate into the 
dentin to a depth of 100-130 µm,6,7 while many bacterial 
colonies exist at a depth of 1100 µm.7-9 
Introduction of lasers for root canal treatment as an 
auxiliary method to increase the quality of root canal 

disinfection has improved the success rate of pulp 
treatments by 99.91%.10 In this regard, different studies 
have introduced Nd:YAG laser, diode lasers and erbium 
family lasers. Studies on these lasers have shown higher 
disinfection capability owing to more penetration into 
dentinal tubules than only using intracanal irrigation 
solutions.11-14 
Diode lasers have a wavelength range of 810-980 nm. 
These lasers have a good absorption in water and 
pigments. However, their absorption in hydroxyapatite 
is low. After absorbing laser energy in the water content 
of dentinal tubules, they exert their effect through 
photothermal effect and thermal conduction to the 
surrounding tissues. In addition, the laser energy destroys 
the pathogens during the photothermolysis process. 
Also, regarding the effect of laser on the hydroxyapatite 
present in dentin, the absorption coefficient of dentin 
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Abstract
Introduction: Increased temperature due to the application of laser during root canal disinfection 
may damage periodontium, alveolar bone, and permanent dental germ. The aim of this study was 
to evaluate the temperature increase of the external surface of primary roots due to the application 
of 810 nm and 980 nm diode lasers.
Methods: A total of 58 extracted human primary teeth were prepared and randomly divided into 
two groups: (a) 810 nm diode laser and (b) 980 nm diode laser. Then, each group was divided 
into 4 subgroups based on the location of the temperature measurement, including subgroup 1: 
external root surface of primary anterior roots (A); subgroup 2: external root surface of posterior 
teeth at inter-root space (IS); subgroup 3: external root surface of posterior teeth at outer-root 
space (OS) and subgroup 4: external surface of furcation area of posterior teeth (F). 
Results: The mean temperature rise in group a (7.02±2.95ºC) was less than that of group b 
(10.62±4.59ºC) (P < 0.001). Also, a significant difference was found between the laser groups 
in terms of the mean temperature rise of the external root surface at IS, OS and F, with higher 
temperature increase occurring in all points in laser b. The comparison of irradiation points in 
each laser showed a higher mean temperature rise for IS than OS, but this difference was only 
significant in group b (P < 0.001).
Conclusion: Within the studied parameters, 810 nm and 980 nm diode lasers should be used 
cautiously in primary root canals because of their temperature rise during their application.   
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for diode laser wavelengths is low. As a result, the 
passing and scattering phenomena are dominant over 
the absorption phenomenon, and photons are absorbed 
at points away from the irradiation surface. This low 
absorption rate contributes to increased laser penetration 
depth.15,16 According to Beer-Lambert law and diffusion 
theory, laser intensity at deeper layers of tissue is reduced 
exponentially. Therefore, temperature rise at internal 
root surface above the external root surface and at less 
thicker areas of dentin is higher than the thicker areas. 
Yet, absorption of scattered photons at deep layers can 
increase the temperature and cause photothermal effects 
at deeper layers.17

Hence, due to the photothermal effect of laser, despite many 
benefits of laser within the root canal, concerns exist about 
its side effects on dental tissue and surrounding tissues 
because of increased temperature on internal and external 
root surfaces.18 In this regard, studies have only evaluated 
the permanent teeth and their results have been variant 
depending on different factors affecting temperature rise 
such as laser specifications (laser type, power, frequency, 
wavelength, etc), study method, etc.2,7,14-17,19-23 Hmud et al 
evaluated the effect of 980 nm (25 Hz, 2.5 W) and 940 nm 
(10 Hz, 4 W) diode lasers on thermal changes of internal 
and external root surfaces. Their findings showed that 
temperature rise was lower than thermal threshold in 
both laser types, and both wavelengths were reported to 
be safe for root canal treatment.20 
The structural and physiologic differences of primary 
and permanent teeth such as narrow root and thinner 
dentin as well as differences in the structure of primary 
and permanent dentin make the teeth susceptible to 
more temperature rise during laser irradiation. Moreover, 
since the external root surface is in contact with the 
surrounding tissues like the periodontium and alveolar 
bone, and that primary teeth are specifically related to 
the adjacent permanent tooth germ, this temperature 
rise, in the case of passing tissue damage threshold, can 
cause periodontal resorption and alveolar bone necrosis.24 
Numerous studies have reported thermal thresholds of 
7°C and 10°C for periodontal tissue and alveolar bone 
damage.19,25-27 
This study was conducted to evaluate the temperature rise 
on external root surface using 810 nm and 980 nm diode 
lasers for disinfection of primary root canals. 

Methods 
After obtaining the approval from the ethical committee 
of Tehran University of Medical Sciences, a total of 58 
extracted carious human primary teeth were selected 
according to the following conditions: (1) Existence of 
two-thirds of root length, (2) Absence of fracture in 
the root, (3) Lack of internal and external resorption in 
radiographic view, (4) Absence of perforation in pulp 
chamber floor. 

Preparation of Samples 
The samples were kept in normal saline during collection 
and preparation, and the solution was changed weekly. 
The crown of all samples was cut by diamond bur with 
high-speed headpiece under water cooling so that the 
length of all canals was 11 mm. The canals were then 
cleared and flared at apical region by K-file up to #40 
with working length of 1 mm short of apex using step 
back technique (Figure 1A and 1B). Penetration of fiber 
laser (200 µm in diameter) into the canal was tested, and 
coronal area was flared as much as required for the fiber 
laser to enter the canal passively. Irrigation between files 
was performed with 1 mL normal saline. 

Classification of Samples 
The teeth were randomly divided into 2 groups, including 
group a: 810 nm diode laser and group b: 980 nm diode 
laser, 29 teeth being included in each group. Then, each 
group was divided into 4 subgroups, as follows (Figure 2):
Subgroup 1: external surface of lingual aspect of root, 
including 11 primary anterior teeth (A) (11 canals)
Subgroup 2: external root surface of molar teeth at inter-

Figure 1. (A) The samples were selected and kept in normal saline 
during collection and preparation. (B) The canals were then cleared 
and flared at apical region by K-file up to #40 with working length 
of 1 mm short of apex using step back technique. (C) All irradiation 
processes were carried out in incubator by one operator.
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root space (IS), including 9 teeth (27 canals)
Subgroup 3: external root surface of molar teeth at outer-
root space (OS), including 9 teeth (31 canals)
Subgroup 4: external surface of furcation area in all 
posterior teeth (F), including 18 teeth (teeth of subgroups 
2 and 3). 
Therefore, each canal received a code, including group, 
tooth number and canal number. 
First, the canals were dried by paper cones, and before 
irradiation, the samples were placed in incubator to reach 
the temperature of 37°C. An incubator (DORSA, Iran) 
was used to simulate the oral cavity and stabilize the base 
temperature and humidity of the testing environment. 
The temperature and humidity of incubator were adjusted 
at 37ºC and 20%, respectively. All stages of irradiation and 
temperature measurement in all samples were performed 
in incubator. 
Temperature rise of external root surface in the first three 
groups (A, IS and OS) was measured by thermometer 
at one third middle-apical of external root surface. In 
the fourth group, the thermometer was fixed at external 
surface of furcation area of pulp chamber floor, laser was 
irradiated the same as other groups inside pulp chamber 
and thermal changes were measured (Figure 2). 

Laser Specifications 
Two types of diode laser were used in this study. In the 
first group (a): 810 nm diode laser (Cheese TM, Wuhan 
Gigaa Optronics Technology Co, LTD, China) (1.5 W, 
continuous mode, with endodontic fiber of 200 µm in 
diameter) was used.7 In the second group (b), 980 nm 
diode laser (Wiser, Doctor Smile, Italy) (1.5 W, continuous 
mode and endodontic fiber with 200 µm in diameter) was 
used.13 

Figure 2. Classification of Samples Based on the Location of 
Temperature Measurement. Subgroup 1: external surface of lingual 
aspect of primary anterior roots (A); subgroup 2: external root surface 
of posterior teeth at inter-root space (IS); subgroup 3: external root 
surface of posterior teeth at outer-root space (OS) and subgroup 4: 
external surface of furcation area of posterior teeth (F). 

Figure 3. A Sample Graph Prepared From OS by NXEV 1.1.0 Software.

Laser Irradiation 
To create similar irradiation conditions, all irradiations 
were performed by one operator in a similar fashion. All 
irradiation processes were carried out in incubator. While 
using both lasers, fiber was placed at a working length of 
1 mm short of apex (Figure 1C). Then, irradiation was 
started and fiber was rotated with a speed of 2 mm/s in 
coronal direction. The irradiation was performed 5 times, 
each time for 5 seconds, with 15 seconds interval between 
2 irradiations. Irradiation at furcation was done in a 
likewise manner. 

Temperature Measurement 
To stabilize thermal changes due to laser irradiation, a 
thermometer (NX4 K Type, HANYOUNG, Korea) with a 
sensitivity of 0.1°C was used. NX EV 1.1.0 (HANYOUNG, 
Korea) software was used to fix temperature changes 
and to prepare the relevant graphs simultaneously, with 
temperature registration ability at 1-second intervals 
(Figure 3). Temperature rise after each irradiation and its 
reduction following irradiation termination at intervals 
were recorded in each graph. 
T-test was used to compare the temperature rise due to 
using lasers a and b, to analyze the mean differences of 
temperature rise of external root surface at F, OS, IS and A 
points between 2 lasers and to compare irradiation points 
IS and OS in each laser separately. P < 0.05 was considered 
significant for all statistical analyses.
 
Results 
The mean temperature rise in group a was lower than that 
of group b, showing a statistically significant difference 
(Table 1). 
Moreover, the findings revealed that at different study 
points, only the mean temperature rise of external root 
surface at point A showed no significant difference 
between the 2 laser groups, but there was a significant 
difference between the 2 laser groups at other points, 
more temperature rise occurring at all points in group 
b (Table 2). The comparison of the irradiation points IS 
and OS in each laser separately showed that the mean 
temperature rise at IS was higher than that of OS, but this 
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difference was only significant in laser b (Table 3). 
Safety level (%) of using 2 types of laser considering the 
thermal threshold level 7°C are shown in Table 4.

Discussion 
In the present study, the temperature rise due to the 
application of 810 nm and 980 nm diode lasers was 
evaluated in primary root canals. Analysis of temperature 
rise due to intracanal laser application is necessary since 
it can impair adjacent periodontal tissues.24

Numerous studies have reported thermal threshold 
levels of 7°C and 10°C for impairing periodontal tissues 
and alveolar bone.19,25-27 Eriksson et al stated that the 
thermal threshold level of 47°C for 1 minute for bone 
health, and reported that higher temperature and more 
time damaged the bone.27 However, Sauk et al reported 
a thermal threshold of 43°C for the health of periodontal 
ligaments.26 In the present study, because of the difference 
between primary and permanent teeth and adjacency 
to permanent tooth germ and possible damage to it, the 
results were investigated based on the thermal threshold 
of 7°C. 
Since we found no study on the temperature rise resulting 
from laser irradiation in primary teeth, we compared 
our study with similar studies on permanent teeth. 
Disinfection and thermal changes due to laser use depend 
on various factors such as laser type, wavelength, laser 
power, irradiation duration, irradiation method, etc.14 
Furthermore, many studies have evaluated the effect 

Table 1. Mean Temperature Rise (ºC) Due to Application of 2 Types of 
Laser

Laser Type
Temperature (ºC)

Mean±SD
P Value

a 7.02±2.95
<0.001

b 10.62±4.59

a: 810 nm diode laser. 
b: 980 nm diode laser.

Table 2. Mean Temperature Rise Due to Laser Type for Thermometer 
Location

Temperature 
Change Point

Laser Type
Mean Temperature 

Rise (ºC)
P Value

A
a 5.27±2.17

0.69
b 5.65±2.27

IS
a 8.70±3.14

<0.001
b 16.08±3.16

OS
a 8.06±1.75

0.001
b 10.51±3.56

F
a 3.89±1.46

<0.001
b 8.57±3.25

(A): external root surface of anterior teeth; (IS): external root surface 
of posterior teeth at inter-root space; (OS): external root surface of 
posterior teeth at outer-root space; (F): external surface of furcation area 
of posterior teeth.
a: 810 nm diode laser. 
b: 980 nm diode laser.

Table 3. Comparison of Mean Temperature Rise Due to Laser Types at 
IS and OS

Laser type
Temperature 
Change Point

Mean Temperature 
Rise (ºC)

P Value

a
IS 8.70±3.14

0.34
OS 8.06±1.75

b
IS 16.08±3.16

<0.001
OS 10.51±3.56

(IS): external root surface of posterior teeth at inter-root space and (OS): 
external root surface of posterior teeth at outer-root space.
a: 810 nm diode laser. 
b: 980 nm diode laser.

Table 4. Safety Level (%) of Using 2 Types of Laser Considering the 
Thermal Threshold Level 7 ºC

Laser type
Unsafety level (%) 

of Using Laser 
Safety Level (%) 
of Using Laser 

810 nm diode laser 47.7% 52.3%

980 nm diode laser 69.7% 30.3%

of different parameters of lasers and their consequent 
effects.2,7,14,17,19-22 
To ensure the effect of the irradiation method on the 
disinfection rate, the protocol used in this study was taken 
from the studies of Schoop et al on dentinal segments, 
which assessed the disinfection by 810 nm and 980 nm 
diode lasers to be desirable, and concluded that using 
higher power (1.5 W than 1 W) had a better effect on 
reducing bacteria.7,13 
Many studies have used different methods for oral cavity 
simulation. For example, in the study by Strakas et al to 
restore oral cavity, the teeth were placed in hot water bath 
(37°C). But Alfredo et al and Gutknecht et al believed that 
using water bath was not suitable because of free flow of 
water and more cooling effect of water than oral cavity.8,19 

In the current study, the teeth were placed in incubator, 
with 20% humidity and 37°C temperature, before and 
during irradiation.22 Also, preparation of the teeth was 
done according to the protocol proposed by Gutknecht 
et al.28 
Nammour et al29 and da Costa Ribeiro et al17 reported 
that intervals between irradiations were necessary for 
prevention of cumulative effect of temperature rise. In 
our study, this interval was considered to be 15 seconds. 
The irradiation method (5 times, each for 5 seconds 
with a 15-second interval between irradiations) can be 
observed well in the graph. After each irradiation, the 
root temperature is increased and temperature is partly 
reduced by terminating irradiation during the interval. 
However, the intervals cannot fully cover the cumulative 
effect of temperature rise, and the height of each 
irradiation peak is higher than the previous peak. 
In the study of Schoop et al, temperature rise for 810 
nm diode laser at 1.5 W power and 15 Hz frequency 
was calculated to be 6.6°C.7 The study of Gutknecht et al 
indicated a temperature rise due to 810 nm diode laser in 
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groups under 1-1.5 W continuous mode irradiation to be 
more than 7°C.19 Also, in our study the mean temperature 
rise due to 810 nm diode laser was reported to be 7.02°C. 
The results of Alfredo et al showed a temperature rise of 
6.06ºC for 980 nm diode laser with 1.5 W and continuous 
mode,8 while in our study the mean temperature rise 
due to 980 nm diode laser was measured to be 10.62°C. 
This higher temperature in our study can be due to 
the difference in dentinal thickness and, difference of 
primary teeth dentin. However, it should be noted that 
the threshold level should be considered lower owing to 
the presence of permanent tooth germs. 
Moreover, Hmud et al evaluated the effect of 940 and 980 
nm lasers on thermal changes of external and internal 
root surfaces. Their results showed that 980 nm laser 
caused higher temperature rise, which is due to better 
penetration power of 980 laser and its higher absorption 
in water.20 Similarly, in our study 980 nm diode laser 
caused higher temperature rise than 810 nm diode laser. 
Further, Hmud et al concluded that the less the thickness 
of dentin was the more temperature rise occurred.20 Also, 
in our study the more temperature rise at IS than at OS and 
their higher means than F can be the result of difference 
in dentinal thickness at these points. In line with these 
results, in analysis of temperature increase of external root 
surface due to 810 nm diode laser, Kreisler et al reported 
the impact of increased thickness on temperature rise and 
stated that the temperature of external root surface was 
reduced with an increase in dental thickness.12 
The findings of our study showed lower mean temperature 
rise due to 810 nm diode laser (7.02°C) than 980 nm diode 
laser (10.62°C), both being higher than the safe thermal 
threshold level of 7°C. 

Conclusion 
The results showed that under the conditions applied, it 
seems that both 810 nm and 980 nm diode lasers should 
be used with care in primary root canals. Therefore, 
these lasers with these parameters are not suggested to be 
used for root canal treatment of primary teeth due to the 
high temperature resulting from their application. There 
is a need to conduct further researches with different 
parameters to find out the safe results in root canal 
treatment of primary teeth. 
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