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Abstract
Purpose The aim of this study was to evaluate the temperature rise on the external root surface during 810- and 970-nm 
diode laser application.
Methods Thirty-six single-rooted mandibular premolar teeth were employed. All of the root canals were prepared at 1 mm 
short of the apical foramen; after working length determination, each root canal was prepared using ProTaper Universal 
instruments. The roots were randomly divided into 2 groups of 18 specimens in each. A 810-nm diode laser in group 1 and 
970-nm diode laser in group 2 were used with continuous mode and 1.5 W parameters. The temperature elevations were 
measured with an infrared thermographic camera during 810- and 970-nm diode laser irradiation. Data were analyzed sta-
tistically using Kruskal–Wallis and Tukey’s tests.
Results No significant difference was obtained among the 810- and 970-nm diode laser groups according to the temperature 
changes (P > 0.05). Temperature rise values in all the teeth were detected below 10 °C.
Conclusion Within the limitations of this in vitro study, the 810- and 970-nm diode laser irradiation is a safe supported 
treatment option when considering the temperature elevation on the external root surface and these lasers can be safely used 
for endodontic treatments at the investigated parameters. The peak temperature was below the critical value.
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Introduction

In order to perform a successful root canal treatment, it is 
necessary to reach the entire root canal system success-
fully [1]. Chemomechanical preparation plays a key role in 
achieving debridement and eliminating vital and necrotic 
tissue, debris, and microorganisms [2]. However, the power 
of conventional methods may be insufficient to achieve com-
plete debridement and disinfection due to the complexity 
of root canal morphology, which includes lateral canals, 
isthmuses, complex branching, and deltas [3]. In addition 
while bacterial colonies can settle and multiply at a depth 
of 1100 µm, the cleaning effects of chemical agents used in 

the canal remain limited to 100 nm and these compromise 
the long-term success of root canal treatment [4].

The contributions of laser systems to the conventional 
root canal treatment system in antibacterial, debris, and 
smear removal and irrigation activation have been dem-
onstrated by many studies [5]. The effectiveness of lasers 
depends on many factors, including wavelength [6]. Diode 
lasers, which are applied in a range of wavelengths between 
600 and 980 nm, have come to the fore in laser-assisted 
endodontic treatments due to their low cost, more useful 
device size compared to other laser systems, and thin fiber 
tips that carry the light to the root canal [7]. Especially the 
antibacterial ability of 810–980 nm has been extensively 
investigated [8–10]. The newest laser system named Siro-
Laser Blue provides three different forms of lasers work-
ing at three different wavelengths: blue (445 nm), infra-
red (970 nm), and red (660 nm). The infrared diode was 
designed by the manufacturer to reduce bacterial levels from 
the root canal even up to 1000 µm in the dentinal tubules 
using with EasyTip 200 µm Endo [11, 12].

 * Dilara Arslan 
 dilaraendo@hotmail.com

1 Department of Endodontics, Faculty of Dentistry, Istanbul 
Aydin University, Istanbul, Turkey

2 Department of Endodontics, Faculty of Dentistry, Bezmialem 
Vakif University, Istanbul, Turkey

http://crossmark.crossref.org/dialog/?doi=10.1007/s41547-024-00213-9&domain=pdf
http://orcid.org/0000-0001-8828-1975


 Lasers in Dental Science             (2024) 8:8     8  Page 2 of 6

The most important side effect of lasers to be considered 
is the increase in temperature on the dentin surface. Accord-
ing to Eriksson and Albrektsson, 10 °C temperature increase 
in the tissue for 1 min is sufficient to cause irreversible tissue 
damage [13]. Moreover, when the tissue temperature rises 
above 60 °C, blood flow is interrupted, resulting in bone 
necrosis and protein denaturation in hard tissues [14]. For 
the safe use of diode lasers, a number of studies have been 
conducted examining the temperature increase that occurs 
during the use of diode lasers to support root canal treat-
ment. In these studies, the classical thermocouple device 
was often used. In addition, infrared thermal cameras, which 
allow us to examine a common area on the tooth and make 
detailed examinations at the desired point, have also been 
used, although they are less in number. In the literature, 
there is no study examining the thermal side effects of Siro-
Laser Blue [6, 10, 15].

Therefore, the purpose of the present study is to evaluate 
the temperature rise on external root surface using 970-nm 
and 810-nm diode lasers using an infrared thermographic 
camera. The null hypothesis is that there is not any signifi-
cant difference between 970- and 810-nm diode lasers on 
the temperature rise.

Material and methods

The study was approved by the Ethics Committee of the 
University of Istanbul Aydın (202373). Informed consent 
was obtained from all individual participants included in 
the study.

Selection and preparation of the teeth

Power was performed to calculate the sample size. G*Power 
3.1 program and analysis indicated that the sample size for 
each group should be at least 14. The number of groups was 
determined as 18 at a test power of P > 80%, an error of 0.05, 
and an effect size of 0.98.

Thirty-six single-rooted mature mandibular premolars 
were used in this study. All teeth were extracted for peri-
odontal reasons. They were examined, and the teeth with 
single and straight canals without calcification were included 
in the study. Selected teeth were cleaned of tissue debris 
with ultrasonic scalers, and then, they were stored in physio-
logical saline solution at + 4 °C until use. The access cavities 
were made using round diamond burs and an Endo Access 
Bur (Dentsply Sirona, Ballaigues, Switzerland). A size ISO 
#15 K-type file (Dentsply Maillefer, Ballaigues, Switzer-
land) was inserted into the root canal until visible at the api-
cal foramen. The working length of each root canal was then 
established 1 mm short of the apical foramen. All canals 
were prepared using ProTaper Universal (Dentsply Maillefer, 

Switzerland) instruments up to F3. The canals were irrigated 
with 1 mL of 2.5% NaOCl between each file. For the final 
irrigation, 2 mL of 2.5% NaOCl and 2 mL of 17% EDTA 
for 2 min and 2 mL of distilled water were used. The root 
canals were dried with absorbent paper points. Then, the 
teeth were randomly divided into two experimental groups 
with 18 specimens in each (Fig. 1).

The irradiation of root canals was achieved with the 
following:

Group 1 (n, 18): cheese (GaAlAs) diode laser 
810 nm + 200 µm fiber optic cable.
Group 2 (n, 18): SİROLaser Blue, Sirona, Germany, 
970 nm + EasyTip Endo 200 µm (SiroLaser Blue, Sirona 
Dental Systems GmbH, Germany)

In groups 1 and 2, specified diode lasers were used 
with continuous mode and 1.5 W parameters. The fiber 
was inserted into the working length, and irradiation was 
started. The fiber was moved in a coronal direction, at a 
rate of approximately 2 mm/s, utilizing a spiral movement 
to avoid hot spots. This cycle was repeated 3 times with a 

Fig. 1  Flowchart of the study process
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break of 20 s. During irradiation, the teeth were mounted in 
a holder [15] (Fig. 2A).

The temperature changes on the root surface were meas-
ured as dynamic shot by using an infrared thermographic 
camera (FLIR T650sc camera, FLIR Systems AB, Taby, 
Sweden) at the room temperature of 21 °C. The camera 
was calibrated considering the dentin emissivity to be 0.91 
within the temperature range of − 40 to + 120 °C with data 
acquisition of 50/60 Hz. The teeth were mounted in a holder 
and were placed 15 cm from the camera, corresponding to 
the lens focal length. During the applications, a type of 
mechanism made of insulative materials was designed in 
order to minimize the reflection of external factors to the 
thermal recording/video (Fig. 2B). The whole application 
was completed in the same day in order for the results not 
to be negatively affected. Thermal recordings were made 
and saved digitally, and the data were processed using com-
mercial software to determine the temperature change at the 
apical and coronal thirds.

Scanning electron microscopy

The roots were split along the longitudinal axis into two 
halves, and the each half section was dehydrated in an 
ascending alcohol series for 24 h each (70%, 80%, 90%, 
and absolute), sputter-coated with gold, and then exam-
ined with an SEM (LEO 440 Computer Controlled Digital; 
Leica Zeiss, Cologne, Germany). SEM photomicrographs 
were taken at × 2000 magnifications at the coronal and apical 
thirds of the root canals only representative (Fig. 3).

Statistical analysis

IBM SPSS Statistics 22 program was used for statistical 
analysis. Normal distributions for temperature rise values 
were tested using the Shapiro–Wilk test. As the values were 
normally distributed, t-tests were then carried out to analyze 

between groups. Statistical significance was accepted at the 
alpha level of 5% (P < 0.05).

Result

Table 1 presents the results of the mean, maximum, and 
minimum temperature rise for each of the groups and the 
thirds. It was determined that the increase in temperature 
values in both groups was below 10 °C during the entire 
laser application. A maximum temperature increase of 
0.8 °C was recorded in the apical thirds on group 1, and a 
minimum temperature increase of 0.12 °C was obtained in 
the coronal third on group 2.

Statistically, in apical and coronal thirds, no signifi-
cant difference was obtained among the 810- and 970-nm 
diode laser groups according to the temperature changes 
(P > 0.05).

Discussion

Since there is no difference in the temperature rise on exter-
nal root surface using 970-nm and 810-nm diode lasers, the 
null hypothesis tested in the present study was accepted.

When working with conventional methods, large areas 
remain untouched in the root canal system, especially due 
to the complexity of the root canal anatomy, regardless 
of the instrumentation technique used [16]. Smear and 
organic tissue residues left in areas that are not cleaned 
mechanically and chemically will be the ideal storage 
and reproduction area for surviving bacteria such as E. 
faecalis [17, 18]. Consequently, laser applications using 
different wavelengths have also been proposed to support 
conventional techniques. Diode lasers, which have proven 
effects on bacteria, are frequently preferred in endodontic 
applications compared to other laser systems due to their 

Fig. 2  A Tooth mounted on a 
holder during laser treatment. 
B Position of the camera, tooth, 
and a type of mechanism for 
minimize the reflection
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easy portability and low cost [19–21]. Therefore, diode 
lasers with wavelengths of 810 and 970 nm (SiroLaser 
Blue), which are highly absorbed in bacterial pigmented 
proteins and poorly absorbed by water and hydroxyapatite 
in dental tissue, were preferred for this study [22]. When 
the literature is examined, it is seen that there are very 
limited studies on SiroLaser Blue. In fact, there is no study 
examining the effect on the temperature increase created 
in the tissues.

Because of in the thermographic method, the temperature 
can be analyzed over a large surface area, the maximum 
and minimum temperature change can be monitored at any 
point of interest in the adapted software program, and the 
entire camera recording can be analyzed graphically [23, 
24]. Infrared thermography systems were preferred instead 
of the thermocouple method to monitor the temperature 
increase in our study. Nammour et al. [25] and da Costa 
Ribeiro et al. [23] reported that it is necessary to leave time 
intervals that allow the tissues to cool between irradiations 

in order to prevent the cumulative effect of the temperature 
increase. In our study, this interval was accepted as 20 s.

Alfredo et al. [10] and Gutknecht et al. [26] believed 
that using water bath was not suitable because of free flow 
of water and more cooling effect of water than oral cavity. 
In this study, the teeth were mounted in a holder and were 
placed 15 cm from the camera, corresponding to the lens 
focal length. During the applications, a type of mechanism 
made of insulative materials was designed in order to mini-
mize the reflection of external factors to the thermal record-
ing/video (Fig. 2B).

Although lasers interact directly with the root canal 
dentin tissue, if they are not used carefully, thermal side 
effects such as root resorption, ancylosis in the affected 
tooth, or tissue necrosis occur depending on the type of 
laser, wavelength, application parameter and procedure, 
and the existing dentin thickness [10, 15]. Before clinical 
applications, it is extremely important to know the esti-
mated temperature increase as information is important. 

Fig. 3  Representative SEM 
image showing melting and 
fusion at the apical region in 
810- and 970-nm diode laser. 
Dentin tubules appeared open 
at the coronal region especially 
SiroLaser Blue laser (magnifi-
cation × 2000)

Table 1  Result of temperature 
rise measurements (ΔT/°C)

Groups (n, 18) Apıcal (ΔT/°C) Coronal (ΔT/°C)

Mean ± SD Max Min Mean ± SD Max Min

810 nm (cheese) 0.48 ± 0.17 0.80 0.20 0.38 ± 0.20 0.80 0.06
970 nm (SiroLaser Blue) 0.39 ± 0.10 0.60 0.12 0.33 ± 0.08 0.50 0.12



Lasers in Dental Science             (2024) 8:8  Page 5 of 6     8 

During laser application, the root surface temperature 
change should remain within the known safe limit of 10 °C 
above the core body temperature [13, 14]. Otherwise, irre-
versible tissue damage may occur. Alfredo et al. [10] found 
the temperature increase of 6.06 °C in their work for 980-
nm diode laser at 1.5 W. In the work of Hmud et al. [27], 
the thermal changes of the inner and outer root surfaces of 
980-nm (25 Hz, 2.5 W) and 940-nm (10 Hz, 4 W) diode 
lasers were investigated and it has been shown that both 
wavelengths do not cause a temperature increase in the 
thermal threshold and can be used safely in endodontic 
applications. Beer et al. [15] showed that the highest tem-
perature increase was measured 5.7 °C in their work for 
980-nm diode laser. Similarly, in our study, the maximum 
recorded temperature increase was detected below the safe 
thermal threshold level of 10 °C.

According to the modified Beer-Lambert law and diffu-
sion theory, the intensity of a laser decreases as it moves 
toward deep layers of tissue. So, the level of the tempera-
ture that arises in the internal of the root canal walls is 
higher than that of the external, and the dentin thickness 
plays an important role in temperature increase [23]. Kre-
isler et al. [28] reported the impact of increased thick-
ness on temperature rise and stated that the temperature 
of external root surface was reduced with an increase in 
dental thickness. This also explains consistent with other 
studies, why the highest temperature rise is observed in 
the apical part of the root, where the root has the nar-
rowest thickness in this study [26, 29]. In addition, the 
low temperature increase values detected on the external 
surface of the root in our study can be explained by the 
minimum internal shaping and the high remaining dentin 
thickness. Moreover, blood circulation will increase the 
thermal conductivity of periodontal tissue in vivo; it has 
also been shown that the temperature drop is faster in vivo 
than in vitro studies [30].

The SEM images revealed melting and fusing at the api-
cal regions and dentin tubules appeared open at the coronal 
region (Fig. 3). This can be explained by the fact that the 
apical third diameter of the canal is narrower compared to 
other regions. In this region, the fibers contacts the dentin 
wall more, resulting in more energy accumulation on the api-
cal dentin surface. These results agree with da Costa Ribeiro 
et al. [23] who revealed closed dentin tubule, especially at 
the apical regions for used diode laser. In our study, 17% 
EDTA solution used for final irrigation describes the open 
dentinal tubules seen coronally.

To mention the limitations of this study, this study was 
designed on mandibular premolar teeth. Future studies 
should be conducted on the teeth with different anatomical 
features, for example, lower incisors. In addition, the bacte-
ricidal effect of these lasers and different parameters needs 
to be evaluated before adaptation in any clinical protocol.

Conclusion

Within the limitations of this in vitro study, the 810-nm 
diode laser and SiroLaser Blue (970 nm) can be safely used 
for endodontic treatments at the investigated parameters. The 
temperature will not increase above the safety limit (10 °C) 
for the periodontal tissues; the peak temperature was below 
the critical value. In laser-assisted root canal treatments, 
especially, the apical area where the dentin is thin, a 20-s 
resting time should be considered to prevent an excessive 
temperature rise in the tissue. Further studies especially 
about SiroLaser Blue (970 nm) are needed to examine before 
this procedure can be clinically applied.

Author contribution DA presented the idea and contributed in study 
design and data analysis.

FK presented the idea and contributed in study design, data analy-
sis, and manuscript writing.

KS carried out the experiment and contributed in data analysis.
MD carried out the experiment and methodology.
All authors read and approved the final manuscript.

Declarations 

Ethics approval This article does not contain any studies with human 
participants or animals performed by any of the authors.

Consent for publication All authors agree with submitting the manu-
script to the journal of “Lasers in Dental Science.”

Conflict of interest The authors declare no competing interests.

References

 1. Siqueira JF Jr (2001) Aetiology of root canal treatment failure: 
why well-treated teeth can fail. Int Endod J 34(1):1–10. https:// 
doi. org/ 10. 1046/j. 1365- 2591. 2001. 00396.x

 2. Schilder H (1974) Cleaning and shaping the root canal. Dent Clin 
North Am 18:269–296. https:// doi. org/ 10. 1016/ S0011- 8532(22) 
00677-2

 3. Peters LB, Wesselink PR (2002) Periapical healing of endodonti-
cally treated teeth in one and two visits obturated in the presence 
or absence of detectable microorganisms. Int Endod J 35:660–667. 
https:// doi. org/ 10. 1046/j. 1365- 2591. 2002. 00541.x

 4. Kouchi Y, Ninomiya J, Yasuda H et al (1980) Location of Strepto-
coccus mutansin the dentinal tubules of open infected root canals. 
J Dent Res 59:2038–2046. https:// doi. org/ 10. 1177/ 00220 34580 
05901 20301

 5. Gutknecht N (2008) Lasers in endodontics. J Laser Health Acad 
4:1–4. http:// www. laser andhe alth. com/

 6. Schoop U, Kluger W, Dervisbegovic S et al (2006) Innovative 
wavelengths in endodontic treatment. Lasers Surg Med 38:624–
630. https:// doi. org/ 10. 1002/ lsm. 20331

 7. Wang XG, Sun YC, Kimura Y et al (2005) Effects of diode laser 
irradiation on smear layer removal from root canal walls and api-
cal leakage after obturation. Photomed Laser Surg 23:575–581. 
https:// doi. org/ 10. 1089/ pho. 2005. 23. 575

https://doi.org/10.1046/j.1365-2591.2001.00396.x
https://doi.org/10.1046/j.1365-2591.2001.00396.x
https://doi.org/10.1016/S0011-8532(22)00677-2
https://doi.org/10.1016/S0011-8532(22)00677-2
https://doi.org/10.1046/j.1365-2591.2002.00541.x
https://doi.org/10.1177/00220345800590120301
https://doi.org/10.1177/00220345800590120301
http://www.laserandhealth.com/
https://doi.org/10.1002/lsm.20331
https://doi.org/10.1089/pho.2005.23.575


 Lasers in Dental Science             (2024) 8:8     8  Page 6 of 6

 8. Beer F, Buchmair A, Wernisch J et al (2012) Comparison of 
two diode lasers on bactericidity in root canals—an in vitro 
study. Lasers Med Sci 27:361–364. https:// doi. org/ 10. 1007/ 
s10103- 011- 0884-3

 9. Moritz A, Gutknecht N, Schoop U et al (1997) Irradiation of 
infected root canals with a diode laser in vivo: results of microbio-
logical examinations. Lasers Surg Med 21:221–226. https:// doi. 
org/ 10. 1002/ (SICI) 1096- 9101(1997) 21:3% 3C221:: AID- LSM1% 
3E3.0. CO;2-S

 10. Alfredo E, Marchesan MA, Sousa-Neto MD et al (2008) Tempera-
ture variation at the external root surface during 980-nm diode 
laser irradiation in the root canal. J Dent 36:529–534. https:// doi. 
org/ 10. 1016/j. jdent. 2008. 03. 009

 11. Cîmpean SI, Pop-Ciutrila IS, Matei SR et al (2022) Effectiveness 
of different final ırrigation procedures on Enterococcus faecalis 
ınfected root canals: an ın vitro evaluation. Materials 15(19):6688. 
https:// doi. org/ 10. 3390/ ma151 96688

 12. Böcher S, Wenzler JS, Falk W, Braun A (2019) Comparison of 
different laser-based photochemical systems for periodontal treat-
ment. Photodiagnosis Photodyn Ther 27:433–439. https:// doi. org/ 
10. 1016/j. pdpdt. 2019. 06. 009

 13. Eriksson AR, Albrektsson T (1983) Temperature threshold levels 
for heat-induced bone tissue injury: a vital-microscopic study in 
the rabbit. J Prosthet Dent 50(1):101–107. https:// doi. org/ 10. 1016/ 
0022- 3913(83) 90174-9

 14. Eriksson A, Albrektsson T, Grane B, McQueen D (1982) Thermal 
injury to bone. A vital-microscopic description of heat effects. Int 
J Oral Surg 11:115–121. https:// doi. org/ 10. 1016/ S0300- 9785(82) 
80020-3

 15. Beer F, Farmakis ET, Kopic J et al (2017) Temperature develop-
ment on the external root surface during laser-assisted endodontic 
treatment applying a microchopped mode of a 980 nm diode laser. 
Photomed Laser Surg 35(4):206–212. https:// doi. org/ 10. 1089/ pho. 
2016. 4189

 16. Haapasalo M, Shen Y, Wang Z et al (2014) Irrigation in endodon-
tics. Br Dent J 216:299–303. https:// doi. org/ 10. 1038/ sj. bdj. 2014. 
204

 17. Love RM, Jenkinson HF (2002) Invasion of dentinal tubules by 
oral bacteria. Oral Biol Med 13:171–183. https:// doi. org/ 10. 1177/ 
15441 11302 01300 207

 18. Wong DT, Cheung GS (2014) Extension of bactericidal effect of 
sodium hypochlorite into dentinal tubules. J Endod 40:825–829. 
https:// doi. org/ 10. 1016/j. joen. 2013. 09. 045

 19. Maiti N, Benedicenti S et al (2022) Assessment of efficiency of 
diode laser in root canal disinfection: an original research. J Pharm 
Bioallied Sci 14(Suppl 1):S248–S250. https:// doi. org/ 10. 4103/ 
jpbs. jpbs_ 710_ 21

 20. Genc Sen O, Kaya M (2019) Effect of root canal disinfection with 
a diode laser on postoperative pain after endodontic retreatment. 
Photobiomodul Photomed Laser Surg 37(2):85–90. https:// doi. 
org/ 10. 1089/ photob. 2018. 4539

 21. Mathew T, Bm S, Gv P, Jose J (2022) Comparative evaluation of 
the antibacterial efficacy of chlorhexidine and 810 nm diode laser 

in the disinfection of root canals contaminated with Enterococcus 
faecalis: an ın vitro study. Cureus 14(8):e28596. https:// doi. org/ 
10. 7759/ cureus. 28596

 22. Samo Pirnat (2007) Versatility of an 810 nm diode laser in den-
tistry: an overview Journal of Laser and Health Academy Vol. 
2007; No. 4. www. laser andhe alth. com

 23. da Costa Ribeiro A, Nogueira GE, Antoniazzi JH, Moritz A, Zez-
ell DM (2007) Effects of diode laser (810 nm) irradiation on root 
canal walls: thermographic and morphological studies. J Endo-
dont 33:252–255. https:// doi. org/ 10. 1016/j. joen. 2006. 09. 002

 24. Mc Cullagh JJ, Setchell DJ, Gulabivala K, Hussey DL, Biagioni 
P, Lamey PJ, Bailey G (2000) A comparison of thermocouple and 
infrared thermographic analysis of temperature rise on the root 
surface during the continuous wave of condensation technique. Int 
Endod J 33:326–332. https:// doi. org/ 10. 1046/j. 1365- 2591. 2000. 
00302.x

 25. Nammour S, Rocca JP, Keiani K et al (2005) Pulpal and peri-
odontal temperature rise during KTP laser use as a root planing 
complement in vitro. Photomed Laser Surg 23(1):10–14. https:// 
doi. org/ 10. 1089/ pho. 2005. 23. 10

 26. Gutknecht N, Franzen R, Meister J et al (2005) Temperature 
evolution on human teeth root surface after diode laser assisted 
endodontic treatment. Lasers Med Sci 20:99–103. https:// doi. org/ 
10. 1007/ s10103- 005- 0347-9

 27. Hmud R, Kahler WA, Walsh LJ (2010) Temperature changes 
accompanying near infrared diode laser endodontic treatment of 
wet canals. J Endod 36(5):908–911. https:// doi. org/ 10. 1016/j. joen. 
2010. 01. 007

 28. Kreisler M, Kohnen W, Beck M et al (2003) Efficacy of NaOCl/ 
 H2O2 irrigation and GaAlAs laser in decontamination of root 
canals in vitro. Lasers Surg Med 32(3):189–196. https:// doi. org/ 
10. 1002/ lsm. 10148

 29. Kimura Y, Yonaga K, Yokoyama K et al (2002) Root surface tem-
perature increase during Er:YAG laser irradiation of root canals. 
J Endod 28:76–78. https:// doi. org/ 10. 1097/ 00004 770- 20020 
2000- 00006

 30. Saunders EM (1990) In vivo findings associated with heat gen-
eration during thermo mechanical compaction of gutta percha. 2. 
Histological response to temperature elevation on the external sur-
face of the root. Int Endo J 23:268–274. https:// doi. org/ 10. 1111/j. 
1365- 2591. 1990. tb008 60.x

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://doi.org/10.1007/s10103-011-0884-3
https://doi.org/10.1007/s10103-011-0884-3
https://doi.org/10.1002/(SICI)1096-9101(1997)21:3%3C221::AID-LSM1%3E3.0.CO;2-S
https://doi.org/10.1002/(SICI)1096-9101(1997)21:3%3C221::AID-LSM1%3E3.0.CO;2-S
https://doi.org/10.1002/(SICI)1096-9101(1997)21:3%3C221::AID-LSM1%3E3.0.CO;2-S
https://doi.org/10.1016/j.jdent.2008.03.009
https://doi.org/10.1016/j.jdent.2008.03.009
https://doi.org/10.3390/ma15196688
https://doi.org/10.1016/j.pdpdt.2019.06.009
https://doi.org/10.1016/j.pdpdt.2019.06.009
https://doi.org/10.1016/0022-3913(83)90174-9
https://doi.org/10.1016/0022-3913(83)90174-9
https://doi.org/10.1016/S0300-9785(82)80020-3
https://doi.org/10.1016/S0300-9785(82)80020-3
https://doi.org/10.1089/pho.2016.4189
https://doi.org/10.1089/pho.2016.4189
https://doi.org/10.1038/sj.bdj.2014.204
https://doi.org/10.1038/sj.bdj.2014.204
https://doi.org/10.1177/154411130201300207
https://doi.org/10.1177/154411130201300207
https://doi.org/10.1016/j.joen.2013.09.045
https://doi.org/10.4103/jpbs.jpbs_710_21
https://doi.org/10.4103/jpbs.jpbs_710_21
https://doi.org/10.1089/photob.2018.4539
https://doi.org/10.1089/photob.2018.4539
https://doi.org/10.7759/cureus.28596
https://doi.org/10.7759/cureus.28596
http://www.laserandhealth.com
https://doi.org/10.1016/j.joen.2006.09.002
https://doi.org/10.1046/j.1365-2591.2000.00302.x
https://doi.org/10.1046/j.1365-2591.2000.00302.x
https://doi.org/10.1089/pho.2005.23.10
https://doi.org/10.1089/pho.2005.23.10
https://doi.org/10.1007/s10103-005-0347-9
https://doi.org/10.1007/s10103-005-0347-9
https://doi.org/10.1016/j.joen.2010.01.007
https://doi.org/10.1016/j.joen.2010.01.007
https://doi.org/10.1002/lsm.10148
https://doi.org/10.1002/lsm.10148
https://doi.org/10.1097/00004770-200202000-00006
https://doi.org/10.1097/00004770-200202000-00006
https://doi.org/10.1111/j.1365-2591.1990.tb00860.x
https://doi.org/10.1111/j.1365-2591.1990.tb00860.x

	Temperature rise on external root surface during 810- and 970-nm diode laser application in endodontic treatments
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Material and methods
	Selection and preparation of the teeth
	Scanning electron microscopy
	Statistical analysis

	Result
	Discussion
	Conclusion
	References


