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Effects of 980 nm diode laser irradiation on bond strength of fiber
posts to root canal dentin
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Abstract

Objective: The present in vitro study aimed to evaluate the effect of a 980 nm diode laser irradiation on the bond
strength of fiber posts to intracanal dentine.

Methods: Twenty-four extracted human maxillary central incisors were obtained. After root canal treatment, the
samples were randomly divided into two groups (n=12): In group 1, root canal dentin was subjected to diode laser
irradiation (980 nm, 1W, continuous wave) whereas group 2 was considered the control group and was not irradiated.
Fiber posts were cemented using resin cement. The pull-out bond strength of the fiber posts was assessed with a
universal testing machine. The data were analyzed by an independent samples t-test (a=0.05).

Results: The average fracture strength of the laser-irradiated group (90.04 + 30.45 MPa) was significantly higher than
the control group (62.95 + 22.09 MPa; P = 0.021).

Conclusions: Diode laser irradiation to the root canal can increase the bond strength of fiber posts to intraradicular

dentin.
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Introduction

Restoring endodontically treated teeth with fiberglass
posts has become an excellent option for clinicians and
patients due to their esthetic characteristics, simplified
treatment procedures, and the ability to bond to dentin
with resin cement (1-3). Fiberglass posts have a similar
elastic modulus to dentin, and their survival rate is
approximately 93% (2). They also have longevity similar
to that of metallic posts (4). The failure rate of fiberglass
posts after five years has been reported to be
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1.7%, with root fractures and post-debonding being the
leading causes (5). Post-debonding commonly happens
by adhesive failure between dentin and cement (25-
80%) or between the post and cement (5-15%) (6, 7).

Several studies have examined the bonding properties
of fiberglass posts to root dentin. Different intracanal
post designs and adhesive agents and various
conditioning/priming treatments for post and intracanal
dentin have been introduced to enhance the bond
strength by improving micromechanical and chemical
adhesion to tooth structures (1).

High-power lasers have been used for dentin
pretreatment before luting a fiber post to enhance its
adhesion (8). High-intensity laser irradiation, including
Nd: YAG (1064 nm) and diode lasers can cause dentin
(and enamel) surface ablation and recrystallization (9).
This process produces physical, morphological, and
chemical modifications that develop an irregular surface
and fuse the smear layer with the underlying intact
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dentin (10, 11). Furthermore, dentin irradiation with
these lasers has a proven anti-microbial effect (11, 12).
On the other hand, erbium family lasers may be effective
in enhancing bond strength by removing the smear
layer. It is assumed that the bonding quality between
the fiber post and dentin is influenced by the physical
properties of dentin and the presence of a smear layer
produced during canal preparation. The smear layer can
be removed by using suitable chemical substances or
lasers (13).

Despite the favorable effects of diode laser irradiation,
its effect on dentin bond strength is rather controversial.
Mekky et al. (14) reported that surface treatment of
fiber posts with a diode laser led to significantly lower
bond strength than the control group. On the other
hand, Farmakis et al. (15) reported that diode laser
irradiation with short pulses improved the intraradicular
adhesion of self-etch and self-curing luting cement.
Borges et al. (16) found that dentin irradiation with a 970
nm diode laser enhanced the pull-out bond strength of
fiber posts bonded with self-adhesive resin cement;
however, the push-out bond strength was not affected.

The present in vitro study investigated the effect of
980 nm diode laser irradiation on the bond strength
between fiber post and radicular dentin following the
endodontic treatment.

Methods and materials

Study design

The protocol of the present study was approved by the
ethics committee of Golestan University of Medical
Sciences ( IR.GOUMS.REC.1401.356).

The sample size was calculated to be 12 teeth in each
group, according to a study conducted by Borges et al.
(16), using a confidence level of 0.95 and a power of
0.80.

A total of 24 human maxillary central incisors with
closed apexes were obtained. Teeth were extracted due
to severe caries or periodontal diseases. Samples were
immersed in a 3% hydrogen peroxide solution for 24
hours and then transferred to a normal saline solution.
The teeth were carefully examined to ensure apex
closure and the absence of any cracks, caries, resorptive
defects, and canal curvature. Periapical radiographs
were taken to confirm that there was only one canal in
the roots. The mesiodistal, buccolingual, and apico-
coronal dimensions of the teeth were standardized
using a caliper. Samples were mounted in gypsum and
then decoronated with a diamond disk under copious
water irrigation above the cementoenamel junction to
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achieve a standardized apical-coronal length of 13 1
mm.

Sample preparation

Root canal treatment was performed using the
standard step-back technique with sterile K files (Mani,
Korea). A #10 k-file was introduced into the root canal
until the tip extended to the apical foramen. The
working length was established 1 mm short from the
apical foramen to achieve a 12-mm working length.
Apical preparation was carried out up to a file size of
#30, followed by shaping the canals to a file size of #50.
The root canals were copiously irrigated with 2.5%
sodium hypochlorite between each instrumentation
step. The smear layer was removed using 15% EDTA
(MORVA-Prep/IRAN) for 1 minute, followed by a final
rinse with 5 ml of distilled water and drying with sterile
paper points (coltene-whaldent, Germany).
Subsequently, the teeth were obturated by the lateral
condensation technique with 2% gutta-percha (Meta-
Biomed, Korea) and AH26 (Dentsply, Germany) as the
sealer. The samples were incubated at 100% humidity
and 37 °C for a week to ensure the sealer was set and
then transferred to distilled water.

In the next step, gutta-percha was carefully removed
up to 7 mm of the total root length, and the root canal
was shaped by Gates-Glidden drills sizes # 1 to #3. The
canals were rinsed with 15% EDTA for 1 minute,
followed by irrigation with normal saline to remove any
remaining debris. Finally, the canals were dried with
paper points (Roeko; Coltene/Whaledent, Langenau,
Germany). Figure 1 illustrates an overall view of the
procedures performed in this study.

Laser irradiation

The specimens were randomly divided into two groups
(n=12). In the irradiated group, the root canal was
treated with a 980 nm diode laser (Wiser, Doctor Smile,
Italy) following the method described by Strefezza et al.
(17). The procedure involved inserting a 200 um optical
fiber into the entire post space and irradiating at 1 W
power in the continuous wave mode. The fiber was
moved in a spiral movement from the apical to the
cervical area of the canal at a 2 mm/sec rate. Five
irradiation cycles with 20 sec time intervals were
performed, allowing cooling of the roots between the
cycles. Each cycle lasted 4 seconds, and the total
radiation time for each sample was 20 seconds. The
control group did not receive laser irradiation.
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Figure 1. A) Specimens for endodontic procedures. B) Periapical image showing the canal after gutta-percha removal. C) Laser parameters
used during the study. D) Laser radiation applied from the apical to coronal direction. E) Fiber post-surface etching with 37% phosphoric
acid. F) Fiber post surface coated with a universal bonding agent. G) Placing the post inside the root canal, H) Light curing, and 1) Measuring
the bond strength of fiber post by a universal testing machine.

Post cementation

The fiber posts (Nordin Dental, Clarens, Switzerland)
were etched with 37% phosphoric acid (Pentron,
Wallingford, CT, USA) for 15 seconds, rinsed with water,
and dried. The post surfaces were coated with a bonding
resin (BISCO, USA) using a micro brush and cured for 10
seconds at 650 mW/cm? power density (LTD, Premium
Plus, UK).

The canals were rinsed with sterile normal saline and
dried with a paper point. A universal adhesive (G-Premio
Bond; GC, Tokyo, Japan) was applied to the root canals
and light-cured. The resin cement (DUO-LINK Universal
Resin Luting Cement, BISCO, USA) was delivered into the
canals by a #25 k-file. The post surface was also coated
with cement. The fiber post was then inserted into the
canal, and excess cement was removed using a micro
brush. The cement was light-cured for 10 seconds. The
samples were kept at 100% humidity before the bond
strength assessment.

Pull-out test

After one week, the pull-out bond strength of the
posts to the root canals was measured using a universal
testing machine (Koopa, Tehran, Iran). A controlled
force was applied at a speed of 1 mm/min (pull-out test)

until the post dislodged from the canal. The force was
recorded in newtons (N) and then converted to
megapascals (MPa) by dividing the force by the bonded
surface area (A).

Statistical analysis

The data were analyzed using SPSS software version 26
(IBM Inc., NY, USA). The normal distribution of the data
was assessed using the Shapiro-Wilk test. An
independent samples t-test was employed to compare
the bond strength between the two groups. A
significance level of 0.05 was chosen to determine
statistical significance.

Results

The mean bond strength values of both study groups
are presented in Table 1. The result of the independent
samples t-test revealed that the fracture strength of the
samples in the laser group (90.04 + 30.45 MPa) was
significantly higher than that of the control group (62.95
+22.09 MPa; P =0.021).

Discussion

The present in vitro study compared the pull-out bond
strength of fiber posts to irradiated and non-irradiated
intraradicular dentin. Irradiation was performed with a

Table 1. Mean * standard deviation of the bond strength and maximum fracture strength (MPa)

Laser-irradiated Non-irradiated P-value
Mean + SD Mean = SD
Fract t th
racture streng 90.04 £ 30.45 62.95 £ 22.09 0.021*

*P-value less than 0.05 represents a significant difference between the groups according to the independent samples t-test.
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980 nm diode laser in the experimental group. Various
methods have been used for bond strength testing in
the literature. The pull-out bond strength was selected
in the current study, as it can better simulate the oral
environment and reproduce masticatory forces with a
more uniform stress distribution (18).

Fiberglass posts offer several advantages over metal
posts. These posts can be bonded to root dentin using
resin cement, reducing stress concentration and
minimizing the risk of root fractures (1-3). Failures in
fiber post-restorations are often attributed to bonding
fractures in the post-resin or resin-dentin interface (6,
7). One possible reason for adhesive bond failure is the
presence of a smear layer that originates from the
mechanical preparation of the root canal and covers the
radicular dentin, thus hindering proper resin cement
penetration into tooth structure (19, 20). Traditionally,
various chemical agents have been used for smear layer
removal and eradicating intracanal microorganisms. The
removal of the smear layer and elimination of the
number of microorganisms can also be achieved by high-
power lasers, enhancing the adhesion of cement to
human radicular dentin (21).

In this study, a 980 nm diode laser was applied with a
power of 1 W in continuous wave mode. Alfredo E et al.
(22) showed that laser irradiation with these parameters
increases temperature up to 10 °C without exceeding
the tolerance of periapical tissues. The results of the
present study indicated a higher bond strength between
cement and the canal walls in the group irradiated with
a 980 nm diode laser. It is believed that diode lasers
(810-980 nm wavelength range) have a penetration
depth per pulse that is 10,000 times greater than the
Er:YAG laser, potentially allowing greater penetration
into dentinal tubules (23). Several studies indicated that
diode lasers can reduce the number of microorganisms
during root canal disinfection (24, 25). Gutknecht et al.
(26) reported that 980 nm diode laser radiation could
eliminate microorganisms that have penetrated up to
500 pm into dentin, compared to chemical solutions
that reach only 100 um.

The finding of this study is in alignment with several
studies that indicated the efficacy of high-power lasers
in enhancing cement adhesion to root canal walls.
Garcia et al suggested that high-power lasers including
Er:YAG (2940 nm) and Nd: YAG (1064 nm) modify dentin
structure and increase the adhesion of fiberglass posts
to intraradicular dentin by removing the smear layer
without causing thermal damage to surrounding tissues
(27). Kasraei et al. (28) exhibited a significant increase in
composite bond strength to dentin following diode laser

J Dent Mater Tech, Vol 13, No 2, June 2024

Effect of diode laser on bond strength of fiber posts

radiation at 940 nm wavelength. Strefezza et al. (17)
found that laser radiation with an 830 nm wavelength in
continuous or pulsed mode significantly improved the
bond strength of fiber posts to root canal dentin.
However, Malekipour et al. (29) did not report a positive
effect on the bond strength of composite resin to
coronal dentin after irradiation with an 808 nm diode
laser with 0.5, 1, and 1.5 W for 20 s. In the study
conducted by Borges et al. (16), dentin irradiation with
a 970 nm diode laser enhanced the pull-out bond
strength of fiber posts using self-adhesive resin cement;
but, the push-out bond strength was not affected.
Borges et al. (16) did not use EDTA before laser
irradiation and this may cause some controversial
results to the present finding.

It should be noted that irradiation from the diode
lasers cannot open the dentinal tubules of the canal
walls (16). Therefore, in the present study, the smear
layer was removed with EDTA 15% and normal saline
irrigation before laser radiation inside the root canal.
Amin et al. (30) reported that using 17% EDTA, followed
by diode laser irradiation, led to a significantly lower
smear layer index than laser irradiation alone. It can be
assumed that following smear layer removal, laser
radiation can further enhance bond strength compared
to the non-radiated group by promoting cement
penetration into opened and disinfected dentinal
tubules, thus increasing resistance against post
displacement (31).

The present study has some limitations including the
in vitro nature and the use of only one set of laser
parameters to enhance bond strength. Further studies
are suggested to compare the effect of various lasers
with different parameters on the bond strength of fiber
posts to root canal dentin.

Conclusions

Within the limitations of the present study, irradiation
of root canal walls by a 980 nm diode laser at 1 W and
continuous wave mode effectively enhanced the bond
strength of fiber posts to intraarticular dentin. This
method can be considered a possible option for
mitigating the chances of fiber post-debonding or
displacement.
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