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EVALUATING THE EFFECT OF DIFFERENT LASER TYPES ON DENTIN 

FRACTURE RESISTANCE 

 

 

ABSTRACT 

Objectives: The aim of this in vitro study was to use fracture testing 

methods to evaluate the impact of the use of different laser types–

particularly diode, Nd:YAG and Er:YAG lasers–on dentin fracture 

resistance.  

Materials and Methods: Ninety human maxillary incisors were used. 

The teeth were divided into three experimental groups and three control 

groups, each containing 15 samples. The laser treatments were a diode 

laser for experimental group 1, a Nd:YAG laser for experimental group 

2, and an Er:YAG laser for experimental group 3. The teeth were then 

dried and obturated using the AH-Plus sealer and RevoS AS40 gutta 

percha (GP). Control group 1 was obturated as in the experimental 

groups but without laser application; control group 2 was instrumented 

but not obturated; and negative control group 3 had no procedure 

performed at all. All samples were fixed in acrylic blocks and were 

subjected to fracture tests using an Autograph Universal Testing 

Machine. The results were analysed using IBM SPSS Statistics 22 

software, one-way ANOVA test and Tukey’s HSD test (to identify 

groups that cause a difference), with p<0.05 indicating statistical 

significance.  

Results: The applied force was significantly lower for control group 2 

than for the Er:YAG laser or negative control groups (p<0.05). The 

remaining groups showed no statistically significant differences 

(p>0.05)  

Conclusions: The findings presented here support the conclusions that 

the use of Nd:YAG, Er:YAG and diode lasers in endodontic treatments 

has no negative impact on dentin fracture resistance and that these lasers 

can be used safely. 
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INTRODUCTION 

The purpose of endodontic treatment is to sustain 

the function of teeth that have pulpal and/or 

periapical disease in a biocompatible manner. To 

succeed in this purpose, irrigation, instrumentation 

and three-dimensional hermetic obturation, known 

as the "endodontic triad", should be performed.1,2 

 Irrigation of the root canal system, also called 

chemo-mechanic preparation, is an important stage 

of the triad. This stage involves the use of irrigation 

solutions and medications, in addition to 

mechanical preparation. The objective of chemo-

mechanic preparation is to eliminate 

microorganisms, vital/necrotic pulp and hard-

tissue remains from the root canal system.3-6 

Studies show that, regardless of the method used 

for chemo-mechanic preparation, complete 

elimination of all the microorganisms from the 

system is not possible.7-9 The reasons for this may 

be the extremely complicated anatomy of the root 

canal system or the microorganisms' resistance to 

traditional disinfecting agents.10-12 Consequently, 

the search for a more effective disinfectant 

continues. 

 The use of lasers in endodontics, as in many 

other medical disciplines, has become more 

popular in recent years, and many studies have 

been conducted on this subject. Laser systems are 

now used in disinfection of the root canal system 

and of root canal instrumentation, as well as in 

endodontic surgery and endodontic retreatment.13-21 

 One of the commonest failures in 

endodontically treated teeth is the presence of 

cracks or fractures. Studies show that the materials 

and methods used in instrumentation, disinfection 

and obturation can negatively affect dentin fracture 

resistance and promote tissue loss on teeth.22-24 The 

goal of the present in vitro study was to use 

fracture-testing methods to evaluate the impact of 

the use of different laser types, specifically diode, 

Nd:YAG and Er:YAG lasers, in combination with 

the traditional irrigation protocols and 

instrumentation, on dentin fracture resistance. 

MATERIALS AND METHODS 

This study was evaluated at the meeting numbered 

03 in 2014 and approved by the Istanbul University 

Faculty of Medicine Clinical Research Ethics 

Committee (2014/277-368). 

 Ninety recently extracted, caries-free, single-

root, single-canal human maxillary incisors were 

used. The remains of soft tissue were eliminated 

using a scalpel, and hard tissue was eliminated 

using a periodontal curette. The teeth were then 

refrigerated at +4 ⁰C in distilled water until use.  

 The anatomy of the root canals and the 

dimensions of the teeth were determined by 

cephalometric radiography, viewing all teeth 

together. Round shaped roots with similar 

dimensions (in terms of bucco-lingual and mesio-

distal dimensions) were selected. For this purpose, 

the mesio-distal and bucco-lingual widths of the 

teeth were measured with a digital calliper 

(Mitutoyo Corp, Tokyo, Japan). Teeth with mesio-

distal widths of 11 ± 1 mm and bucco-lingual widths 

of 10 ± 1 mm teeth were included in the study. 

 The crowns of the samples were removed and 

standardised to a 12 mm length at the cemonto-

enamel junction. Fifteen of the samples were set 

aside to serve as a negative control group which 

received no procedure at all, and the remaining 75 

were instrumented and irrigated using the same 

protocol. The endodontic working length was 

determined as 1 mm short of the apical foramen. 

Instrumentation was performed using Revo-S Ni-Ti 

rotary files (Micro Mega, France) and the X-Smart 

endo-motor (Dentsply, United Kingdom). Initially, 

a 3 mm instrumentation of the coronal side was 

performed using an Endoflare (Micro-Mega, 

Besancon, France). The roots were kept constantly 

filled with NaOCl (2.5%) throughout the 

instrumentation and were irrigated after every 

instrument using an endodontic irrigation syringe tip 

(Endo-Eze, Ultradent, South Jordan, UT) and 2 mL 

of NaOCl (2.5%). Subsequently the SC1, the first 

instrument of the Revo-S system, was used up to 

two-thirds of the working length, back and forth, 

with no pressure applied and with the parameters of 

300 rpm and 1.5 Ncm of torque. The instrument was 

not present in the root canal for more than 10 

seconds at a time. Following the use of the SC1, the 

next instruments (SC2, SU, AS30, AS35 and AS40) 

were used at the same working length and 

instrumentation was completed. All the instruments 
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were used at 300 rpm and 1.5 Ncm of torque in back-

and-forth movements of 1–2 mm. The final irrigant 

was 5 mL of NaOCl (2.5%), followed by EDTA 

(17%) (Vista Dental, Wisconsin, USA), which was 

allowed to remain in the root canal system for 1 

minute. Finally, 5 mL of NaOCl (2.5%) was again 

used to neutralise the EDTA. A total irrigant volume 

of 29 mL was maintained in all the samples. Finally, 

all the samples were irrigated with 5 mL of distilled 

water and then incubated at 37 °C in distilled water. 

 A power calculation was performed using an 

F test: Fixed effects, one-way analysis (G*Power 

3.1 software; Heinrich Heine University, 

Dusseldorf, Germany), with α = 0.05 for 

calculating the required sample size. The results 

indicated that the required sample size for six 

groups is 90 for an effect size of 0.45 and 0.90 

actual power. Therefore, for each subgroup, at least 

15 samples were required. Fifteen of the 90 

samples received no procedure except the removal 

of their crowns and were labelled as the negative 

control group. The remaining 75 were randomly 

divided into five groups, including three 

experimental groups and two control groups, based 

on the procedures performed on them (Table 1). 

Table 1: Experimental groups and systems 

Groups Instrumentation Irrigation  
Final 

Irrigation 
Laser 

Obturation 

Technique 

Group 1 Revo-S AS40 2.5% NaOCl 
17% EDTA  

2.5% NaOCl 
Diode Single cone GP 

Group 2 Revo-S AS40 2.5% NaOCl 
17% EDTA 

2.5% NaOCl 
Nd:YAG Single cone GP 

Group 3 Revo-S AS40 2.5% NaOCl 
17% EDTA  

2.5% NaOCl 
Er:YAG Single cone GP 

Control 1 Revo-S AS40 2.5% NaOCl 
17% EDTA  
2.5% NaOCl 

Not applied Single cone GP 

Control 2 Revo-S AS40 2.5% NaOCl 
17% EDTA 

2.5% NaOCl 
Not applied Not applied 

Negative 

Control 
No No No Not applied Not applied 

Group 1 (Diode Laser): These samples underwent 

the diode laser treatment after the final irrigation. 

The root canal system was filled with distilled 

water during the laser application. The diode laser 

(Gigaa Optronics Technology Co. Ltd., China) had 

a 200 µm fibre-optic tip and was used in continuous 

mode at 1.5 W and a wavelength of 810 nm. The 

laser application was performed at one single time 

from the apical to the coronal areas, with the tip 

placed at the working length and moved back to the 

coronal area over the course of 20 seconds. The 

laser application samples were then obturated with 

the single-cone gutta-percha method. The root 

canal system was initially dried using the Revo-S 

AS40 paper-point (Micro Mega, France). As a 

sealing agent, resin-based AH-Plus (Dentsply, 

DeTrey, Germany) was used according to the 

manufacturer's instructions. A sealer was applied to 

the root canal system using a Lentulo spiral filler 

(Pastinject, Micro Mega, France) placed 4 mm 

shorter than the working length and run at a speed 

of 500 rpm. For obturation, the Revo-S AS40 gutta 

percha (Micro Mega, France) was used. The apical 

4–5 mm of the gutta percha was smeared with 

sealing agent and placed in the root canal at the 

designated working length. Any excess gutta 

percha was removed using a heated excavator at 1 

mm under the canal orifice, and that 1 mm space 

was then filled with temporary filling material 

(Coltosol, Coltene; Whaledent Inc., Altstaetten, 

Switzerland). 

Group 2 (Nd:YAG Laser): These samples 

underwent the Nd:YAG laser treatment (Fotona 

Laser, Ljubljana Slovenia, EU) after the final 

irrigation. The root canal system was filled with 

distilled water during the laser application. The 

Nd:YAG laser was used at 10 Hz and 1.5 W, with 

a 200 µm fibre-optic tip moved in a helicoidal 

fashion. The laser application was performed in the 

system for four times for 5 seconds at a time at 

intervals of 20 seconds, for a total of 20 seconds of 

laser application. The fibre-optic tip was applied 

from the apical to the coronal areas, at the working 
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length. The device was activated at the working 

length. Obturation then was performed as in group 1. 

Group 3 (Er:YAG Laser): These samples 

underwent Er:YAG laser treatment (Fotona Laser, 

Ljubljana Slovenia, EU) following the final 

irrigation. The root canal system was filled with 

distilled water during the laser application. The 

Er:YAG laser was used at 10 Hz and 1 W with a 

400 µm fibre-optic tip (PIPS, Fotona). The fibre-

optic tip was placed at the working length and used 

in helicoidal movements. During the application, 

the laser was activated five times for 5 seconds at a 

time at 20 second intervals for a total of 25 seconds 

of laser application. The device was activated at the 

working length. Obturation was then performed as 

in group 1. 

Control Group 1 (Obturated Teeth): The 

samples were obturated as described for 

experimental groups 1, 2 and 3 but without prior 

laser application. 

Control Group 2 (Instrumented Teeth): The 

samples were instrumented as in the experimental 

groups 1, 2, 3 and control group 1 but were not 

obturated. 

Negative Control Group (No procedure): The 

samples had no procedure performed on them at 

all. All the samples were incubated for 14 days at 

37 °C and 100% humidity. 

Preparation of the samples for fracture testing  

The samples were placed in acrylic blocks to 

enable fixing onto the Universal Testing Machine. 

The periodontal ligament was simulated through 

this process, as described below.25,26 

 A key model for the acrylic blocks was 

obtained by preparing model stone blocks of 10 

mm× 5 mm×20 mm. C-type silicone impressions 

were taken of these model stones, and a key model 

was obtained for the acrylic blocks. All the samples 

were then covered in a single layer of aluminium 

foil to create spacing for the silicone material that 

would be used to simulate the periodontal 

ligament.25 

 The acrylic resin used in the key model was 

prepared as instructed by the manufacturer 

(Imicryl, Konya, Turkey). The samples were then 

placed in the resin parallel to their vertical root 

axis, with 5 mm of the root remaining out of the 

resin. After resin polymerisation, the samples were 

removed from the resin and the aluminium foil 

around the tooth was removed. The space 

remaining within the block was filled with Express 

XT Light Body Quick (3M ESPE, Germany) 

impression material using an applicator tip. The 

samples were placed inside this silicone material 

and any excess silicone was removed using a 

spatula. 

 The samples were fixed after the 

polymerisation was completed. The silicone 

material between the sample and the acrylic block 

served as a simulator for periodontal ligament. The 

positions of the samples inside the acrylic block 

were as shown in Figure 1.  

 
Figure 1. Positions of samples in acrylic block 

Fracture Test 

Fracture testing was performed using the Universal 

Testing Machine (Autograph AG-IS; Shimadzu 

Co., Kyoto, Japan).27 Force was applied through a 

steel rod with a 5 mm diameter round tip.28 Prior to 

the application of force, the round tip of the steel 

rod was confirmed to be in full contact with the 

sample at the centre of the coronal surface, and the 

steel rod was verified as being perfectly vertical 

and parallel to the root axis (Figure 2). The exact 

value of the fracture force was recorded in 

newtons. 
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Figure 2. Fitting the acrylic block on the test device 

Statistical Analysis 

IBM SPSS Statistics 22 software was used to 

evaluate our findings. The Kolmogorov-Smirnov 

test was used to evaluate the normal distributions 

of the study data, and the parameters were 

confirmed to be normally distributed. A cross-

group comparison of the parameters was performed 

using the one-way ANOVA** test, and the Tukey 

HDS test was used to determine the group 

responsible for the difference in the data. The 

significance was evaluated as p<0.05. 

RESULTS 

The force applied to control group 2 (instrumented, 

but not obturated) was significantly lower than the 

force applied to group 3 (Er:YAG laser) (p<0.05) 

and to the negative control (no procedure) 

(p=0.011; p<0.05). The remaining groups showed 

no statistically significant differences (Table 2) 

(p>0.05). 

Table 2: Average Force Value(N) 

Experimental Groups Mean±SD P value* 

Diode laser 724.79 ± 170.52 

<0.018* 

Er:YAG laser 775.18 ± 190.12 

Nd:YAG laser 719.73 ± 211.14 

Control 1 (obturated teeth) 767.77 ± 140.71 

Control 2 (instrumented teeth) 598.84 ± 73.32 

Negative control (no procedure) 808.56 ± 176.16 

* p<0.05 **One-way ANOVA Test 

DISCUSSION 

Previous studies performed to evaluate the success 

of endodontic treatments have shown that vertical 

and horizontal fractures are among the most 

common causes of failure. Two studies determined 

vertical fracture rates of 8.8% and 13.4% for teeth 

that had been extracted due to endodontic 

failures.29,30 Resistance to dentin fracture is reduced 

by NaOCl, which dissolves organic tissue.31,32 For 

this reason, we treated all samples in all groups with 

the same volume of NaOCl during irrigation. The 

currently available treatments using laser systems 

may assist in endodontic treatments by reducing the 

number of microorganisms in the root canal system 

and removing the smear layer.33-36 

 The use of a diode laser at 1.5 W in all 

operation modes and at 3 W in pulse mode for 20 

seconds is safe for endodontic treatments.37 The 

810 nm diode laser is safe to use at a power of up 

to 3 W even with thin root canal walls.38 In light of 

these findings, we used the 810 nm diode laser at 

1.5 W power in continuous mode for 20 seconds. 

 Some researchers have reported that applying a 

Nd:YAG laser to samples infected with Enterococcus 

faecalis at 1.5 W for 20 or 25 seconds resulted in a 

statistically significant decrease in the amount of 

bacteria in the samples. The Nd:YAG laser is also 

safe to use at 1.5 W power for 20 seconds.39,40 

According to these findings, we used the Nd:YAG at 

10 Hz and 1.5 W for 20 seconds. 

 Studies by Schoop et al.41 demonstrated that 

the Er:YAG laser need not be used at more than 1 

W to eradicate most of the endodontic bacterial 

species. Furthermore, SEM imaging showed that 

samples treated with a laser at 1 W laser in the root 

canal system had clearly observable dentin tubules, 

while the smear layer was completely removed. 

The thermal changes caused by the use of lasers at 
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4 Hz, 6 Hz and 10 Hz frequencies had no negative 

impact on dentin, and the thermal increase caused 

by Er:YAG laser was within acceptable limits.42,43 

For these reasons, we used the Er:YAG laser at 10 

Hz and 1 W power for a total of 25 seconds. 

 The findings of the present study revealed no 

statistically significant differences in the dentin 

fracture resistance between groups treated with a 

diode laser, Nd:YAG laser or Er:YAG laser and 

control group 2 (p>0.05). In parallel with these 

findings, Braun et al.44 and Faria et al.45 found that 

laser application with different parameters (970-nm, 

1.5 W/100 Hz and 3 W/100 Hz) also had no effect 

on dentin fracture resistance, even if the irrigation 

solutions varied. However, opposite results were 

reported by Karatas et al.46 after the use of a diode 

laser at 3 W/100 Hz. This result may be related to 

the presence of EDTA solution in the root canal 

when the laser was applied. Similar results were 

observed in the study of Ayrancı et al.47 

 In the current study, control group 2 showed 

significantly lower dentin fracture resistance 

compared to the negative control group (p<0.05). 

Control group 1 showed values between control 

group 2 and the negative control group, but no 

significant differences were detected between 

control group 1 and either group (p>0.05). These 

findings were consistent with those of Sandıkçı and 

Kaptan,48 who concluded that instrumentation 

renders a tooth physically weaker. 

 The groups that were instrumented and 

obturated (diode laser, Nd:YAG laser, Er:YAG laser 

and control group 1) showed no statistically 

significant difference in their average fracture force 

values. Conversely, the samples that were obturated 

and treated with the Er:YAG were significantly 

more resistant to fracture than were the teeth that 

were instrumented but not obturated (control group 

2) (p<0.05). The studies by Hibst and Keller49 and 

by Firoozmand et al.50 concluded that Er:YAG laser 

application does not cause a thermal increase 

capable of morphological dentin changes. In the 

present study, we considered that the cause of this 

difference might be the obturation in the Er:YAG 

group, which would increase the fracture resistance 

over that found in the teeth that were not obturated. 

 The findings of the current study show that 

laser systems do not have a negative impact on 

dentin fracture resistance. This may be related to the 

fact that lasers do not change the dentin structure if 

they are not used at a high-power output. 

CONCLUSIONS 

The findings of this study indicate that the use of 

lasers (diode, Er:YAG, or Nd:YAG lasers) in 

endodontic practice, in conjunction with traditional 

final irrigation protocols to eliminate the smear 

layer, does not negatively impact dentin fracture 

resistance. Consequently, these lasers can be used 

safely. Further study of these lasers in more intense 

uses, such as instrumentation, would be useful for 

predicting their effects in other situations. 
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