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Clinical evaluation of the effect of
980 nm diode laser and fluoride
varnish on dentin hypersensitivity

Abstract: Dentin hypersensitivity (DH) is a common and challenging
clinical condition with limited long-lasting treatments. The objective
of this study was to evaluate the effectiveness of 980 nm diode laser
treatment, associated or not with fluoride varnish, in the treatment
of DH. Sixty volunteers were selected and randomly assigned for
treatment following three different protocols (1- treatment with 0.8W
diode laser; 2- treatment with 0.8 W diode laser over fluoride varnish;
or 3- fluoride varnish only). The 0.8 W diode laser was applied in
contact with the exposed roots at 10 Hz, for 30 s, with 99.17]/cm?
energy density, using a zigzag pattern. DH assessment was performed
using the visual analog scale (VAS), prior to treatment, immediately
after treatment, and at 7, 30, and 180 days after treatment. The data
obtained were subjected to two-way repeated-measures analysis of
variance (ANOVA) (p <0.05). The varnish group showed a reduction
in DH up to 30 days, whereas the laser and laser + varnish groups
showed a reduction in DH up to 180 days ,with no difference between
them. The laser and laser + varnish groups were superior to the
varnish group after 30 days. The treatment of exposed roots with
diode laser alone or associated with fluoride varnish, according to
the parameters used in this study, was effective in reducing DH up
to six months.

Descriptors: Dentin Sensitivity; Lasers; Fluorides, Topical.

Introduction

Dentin hypersensitivity (DH) is a common and challenging clinical
condition with multifactorial etiology described as an acute painful
response to thermal (hot or cold), chemical (acidic fruits, spicy foods,
sugar, and salt), mechanical (brushing), and evaporative (air jets) stimuli
applied to the clinically exposed dentin, due to the presence of open
dentinal tubules.® This clinical condition is reported to affect up to
92.1% of the populationand to substantially impact patients” quality
of life (QoL), triggering emotional and psychological issues.®®12

Many theories have been created to explain the pain mechanism.
The Brannstrom hydrodynamic or fluid movement theory is the most
widely accepted one, which states that a fluid movement inside dentinal
tubules caused by mechanoreceptor-triggering stimuli in the pulp
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results in the perception of pain.® Although many
treatments have been proposed, most of them based
on the physical obliteration of the dentinal tubules
and/or desensitization of the nerve endings in the
pulp, there is no efficient treatment in the long term.
Relapses probably occur because of the multifactorial
characteristic of DH and its causal factors: abrasion,
erosion, dental malformations, periodontal treatments,
and iatrogenesis.! 4721013

In addition, although DH is one of the main
indicators for root coverage procedures, whether
surgical or restorative, there are discussions about
its predictability and long-term success, as well as
about its higher cost and invasiveness when compared
with desensitizing treatments.’'3"

More recently, therapy with high-power lasers
has been used to create physical obliteration of open
dentinal tubules as a primary effect, and a potential
biomodulatory effect as a secondary effect.®>"
Seeking a better clinical outcome, some authors have
studied the association of fluoride varnishes with
laser treatment in order to increase the interaction of
the laser with the dentin surface and obtain greater
and long-lasting tubule obliteration. This association
has shown more effective results than just one of the
treatments performed alone.!*'¢-2

Despite the promising in vitro results with
980 nm diode laser treatment, showing that laser at
2-4 W reduces diameter, or completely obliterates
dentin tubules, there are concerns about the clinical
safety and outcomes of such protocols.””??! There
is a lack of clinical studies associated with a wide
variety of parameters ranging from 0.8-3 W in non-
contact mode,'>19222 while the literature recommends
0.4-1 W power for laser application.’>*?

Moreover, there is scarce information about
energy density, and maintenance of the appropriate
dosage when laser is applied in non-contact mode
poses a clinical challenge because keeping the laser
tip at a steady distance may be almost impossible.
Therefore, proposing efficient parameters for in-contact
application may result in easier treatment, which
should be associated with customized treatment
times based on the area of exposed dentin.

Considering there is a wide variety of protocols
and lasers used in the clinical setting and lack
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of adequate information about the clinical use of
980 nm diode laser in the treatment of DH,*'31% this
study was proposed as an extension of an in vitro
study that showed a significant reduction in dentin
permeability after treatment with 980 nm laser
associated or not with fluoride varnish application.”
Therefore, this study aimed to clinically evaluate the
efficacy of 980 nm diode laser therapy, associated or
not with the application of fluoride varnish, in the
treatment of DH. The null hypotheses tested were:
a) There would be no difference in the reduction of
DH at the different evaluation times; and b) There
would be no difference in the reduction of DH
considering the different treatments.

Methods

Experimental design

This parallel interventional triple-blind (patients,
operators responsible for post-treatment evaluation,
and statistician) randomized study assessed the
treatment technique at three levels (fluoride varnish,
laser therapy, and laser therapy + fluoride varnish).
The response variable was the pain intensity after
evaporative stimulus measured through a visual
analog scale (VAS) assessed before treatment,
immediately after treatment, and at 1 week, 1 month,
and 6 months after treatment.

Sample size calculation

A minimum of 13 subjects per group was estimated
based on an expected standard deviation of 1.4%®
and a minimum detectable difference in means of 2,
using a test power of 90% and alpha level of 0.05.

Clinical trial registration and research
ethics committee

This clinical trial was registered at ReBEC under
the number RBR-7q7gyd, UTN code U1111-1254-9691
(REBEC (ensaiosclinicos.gov.br). This study project
was submitted to and approved by the Research
Ethics Committee of Bauru School of Dentistry -
University of Sdo Paulo (FOB/USP) under CAAE:
49808715.5.0000.5417. This study was conducted
in accordance with the 2013 revised version of the
Declaration of Helsinki .
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Selection of volunteers

After registration and approval by the local
ethics committee, a total of 60 out 195 volunteers
were selected by a previously calibrated operator
based on inclusion and exclusion criteria (Table 1).
The first posted date for this study was July 2020. All
patients were selected and treated between January
and November 2021 (not including the follow-up
period) (Figure 1).

Clinical evaluation and treatment

All volunteers were initially evaluated
and treated by the same previously calibrated
operator (B.N.M) at the Clinical Research Center
of the University. Prior to treatment, all patients
underwent dental prophylaxis with rubber cup and
fluoride-free toothpaste.

To identify the baseline dentinal sensitivity of each
patient, the most sensitive tooth was identified and
isolated using cotton rolls, allowing the evaporative
stimulus (air jet) to be applied on the clinically
exposed root.’®

The air jet was applied using an air syringe
positioned perpendicularly to the area of dentin
exposure, at a distance of 1 cm, for 3 s. Immediately
after removing the stimulus, patients reported the pain
intensity by marking a trace on a 10-cm line where
the left end represented absolutely no discomfort and
the right end represented the worst pain imaginable
(visual analog scale - VAS) (Figure 2). The line was

Table 1. Inclusion and exclusion criteria.
Inclusion
18-50 years old

At least 1 tooth with an exposed root with dentin sensitivity
greater than 3 on the Visual Analogue Scale (VAS), measured
after evaporative stimulus (air jet at 1 cm from the root surface
for 3 seconds);

Miller’s class | or Il gingival recession? only on the buccal surface,
with an extension between 2 and 5 mm.

No active caries lesions in any tooth
No active periodontal disease

Assessed teeth not an abutment for fixed or removable
partial dentures

Presence of deep, non-carious cervical lesions that need root
restoration (=1mm)

measured from the left end to the trace marked to
obtain a VAS value.

In addition, all roots were photographed with a
digital camera (Nikon 5200, ISO 100, 1/160, Nikon
micro 105mm f / 29, Twin Flash TTL, Tokyo, Japan),
positioned perpendicularly to the area of root
exposure, with a periodontal probe positioned over
the coronal portion of the tooth. The captured images
were analyzed using the ImageJ software (National
Institute of Health, Bethesda, USA), which allowed
calculating the exposed root area. The periodontal
probe was used to calibrate the measurements within
the software program (Figure 3).

Sample randomization

The 60 patients were randomly distributed
(B.N.M) into three study groups according to their
pain intensity when exposed to the evaporative
stimulus, using Microsoft Excel in a way that ensured
all groups had similar initial reported values of
sensitivity (Table 2).

Treatment protocols

Fluoride varnish

This study used a 5% colorless sodium fluoride
varnish with 22,600 ppm of fluoride (Clinpro™
White Varnish; 3M, Campinas, Brazil), applied with
amicrobrush over the total area of clinically exposed
dentin. The varnish was applied in a single layer on

Exclusion

Be under psychological counseling

Chronic use of medications with analgesic, anti-inflammatory or
drugs with central effect (anxiolytics and antidepressants);

Use of desensitizing agents (at home) in the last 3 months or in the
office (6 months), including fluoridated mouthwashes

Pregnancy

Allergy to any of the freatment components

Being under orthodontic treatment

Presence of a furcation lesion in the selected teeth
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Figure 1. Patients flowchart.

VISUAL ANALOGUE SCALE

Mark on the line the discomfort experienced

No discomfort .Wors.i pain
imaginable
Figure 2. Visual analog scale.
the dry dentin surface under isolation with cotton after application, the patient was instructed to moisten
rolls. To simulate laser treatment, the laser tip was the region using the tongue to activate the product
positioned over the area of exposed dentin for 30 s according to the manufacturer’s instructions and to
without touching the fluoride varnish. Five minutes avoid drinking fluids for 1 h.
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Figure 3. Calculation of exposed root area based on clinical picture.

Table 2. Mean and standard deviation of pain intensity values (VAS) recorded by patients after evaporative stimulus (n = 19

per group).

Variable Age baseline Immediate 7 days 30 days 180 days

varnish 345 =97 5.92 = 2.27Aa 3.24 + 2.69Ab 3.74 £ 258Bb  4.18 + 2.72Bbc  5.22 + 2.27Bac
laser 32.4 + 8.1 6.03 = 2.00Ac  2.26 = 1.66Ab  1.92 = 1.65ABb  1.86 = 1.76Ab 1.92 = 1.63Ab
varnish + laser 334=9 5.96 + 1.88Aa 1.32 = 1.08Ab 1.48 = 1.14Ab 1.45 = 1.00Ab 1.42 = 1.05Ab

Uppercase letters mean statistically significant difference between rows in the same column (different treatments at the same timepoint)
Lowercase letters mean statistically significant difference between columns in the same row (same treatment at different timepoints).

Diode laser

This study used a 980 nm diode laser (DClase,
DC International LLC, Wellington, USA), capable of
generating a power between 0.5 W and 7 W. The laser
was applied over the exposed root surface under
isolation with cotton rolls through a 200-um diameter
optical fiber in contact mode, perpendicularly to
the root dentin, with a standardized sweeping
movement in a zigzag pattern such that the laser
passed only once at each point on the tooth surface
(Figure 4). The laser tip was cleaved after each
session to ensure standardization.

The laser parameters were 0.8 W power, 10 Hz
frequency, and total energy density of 99.17]/cm?.
These parameters were referenced from a previous
laboratory study® from which the best dentin sealing
outcomes were obtained at an energy density of 99.17

J/cm?, irradiating 0.8 W and 1 W over a surface of
0.3025 cm? for 30 s. To maintain the same energy
density, the following formula was used to determine
the irradiation time regarding the different areas of
the exposed roots (previously calculated using the
clinical photos and Image]J software):

Irradiation time = (37.5 x area) / 0.3025

Diode laser + fluoride varnish

The colorless fluoride varnish was applied as
described above, immediately followed by laser
application with the optical fiber in contact with the
varnish and with the root dentin. At the end of each
application, the optical fiber was cleaved because of
its saturation with varnish.

Braz. Oral Res. 2025;39:e077 5
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area

Irradiation Time

Irradi

Figure 4. Schematics of laser irradiation pattern.

For all three groups, the evaporative stimulus
was applied by two blinded operators (S.K.I and
L.W)) on the treated tooth isolated with cotton rolls
15 min after treatment. The evaporative stimulus
was repeated at 7, 30, and 180 days after treatment.

Three patients did not show up for the scheduled
follow-up visits and were not considered in the
results (one in the fluoride varnish group at
30 days and one in each of the other two groups at
180 days) (Figure 1).

Statistical analysis

The results obtained by the VAS in all evaluation
time periods were subjected to two-way repeated-
measures analysis of variance (ANOVA) considering
treatment and time as study factors, followed by
Tukey’s HSD post-hoc test. All statistical analyses
were performed using o = 0.05.

Resulis

All groups presented similar age and sex
distribution (five males and 15 females in each group),
as well as similar initial values of sensitivity to the
evaporative stimulus (Table 2).

The results obtained by the VAS at the different
timepoints are described in Table 2. All treatments

Braz. Oral Res. 2025;39:e077

resulted in similar VAS scores immediately after
treatment. Nevertheless, from 7 days to 180 days, the
groups treated with laser exhibited lower sensitivity
than the group treated with varnish only.

When considering the effectiveness of each
treatment, all groups promoted reduction in DH.
Nevertheless, the reduction in the VAS scores was
lower for the group treated with varnish only.
Moreover, after 180 days, the VAS scores for the
group treated with varnish only were similar to the
baseline scores. The laser groups associated or not
with fluoride varnish application showed reduction
of VAS scores immediately after treatment and
remained stable at all evaluated timepoints.

In the varnish group, VAS <1 was observed in
five patients after 7 days, in three patients after
30 days, and in no patients after 180 days. In the laser
group, seven patients showed VAS <1 after 7, 30, and
180 days. In the group treated with varnish + laser,
nine patients showed VAS <1 after 7 days as compared
to eight patients after 30 and 180 days.

Discussion
Dentin hypersensitivity is a common and

challenging oral condition described as acute dental
pain associated with thermal, chemical, mechanical
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and/or evaporative stimuli due to the presence of
open dentinal tubules.!?? It is noteworthy that
large portions of exposed dentin may not respond
to stimuli, while microscopic exposures can be
extremely sensitive.” In the present study, only
patients with exposed roots presenting sensitivity
3 or higher according to the VAS, without the
presence of any other potential pain-causing
pathological agents, were selected.

In recent years, several studies have assessed the
use of products containing sodium fluoride (NaF)
and laser treatment with promising short-term
outcomes,%1216222252 which is in agreement with the
findings of this study, showing effective reduction
of DH up to 6 months.

Regarding the NaF varnish, the literature has
reported limited success in the control of DH, with
recurrent symptoms after 3 months or less,' thereby
corroborating the findings of this study. The fluoride
varnish alone may have inferior stability due to
the formation of calcium fluoride (CaF,), which is
loosely attached to the tooth’s surface and may be
removed due to the intraoral challenges promoted
by mechanical (toothbrushing, mastication, and
occlusion) and acid challenges (feeding, dilution
in saliva, etc).”

The 980 nm laser is relatively new, with a wavelength
close to the absorption peak of hydroxyapatite, causing
fewer thermal effects on the tooth pulp and, therefore,
making it safer for pulp tissues when compared with
other lasers at lower wavelengths.?30%

A recent systematic review® has reported only
four studies using 940 to 980 nm diode laser with
settings ranging from 0.3W to 3W for 10 to 120 s,
with positive results for the control of DH, especially
when associated with another desensitizing agent up
to 1 month®™*?% or 3 months."® All reported studies
applied laser in non-contact mode, with different
pulse parameters, except for Pourshahidi et al.,”* who
utilized laser in contact mode.

Otbher clinical studies have demonstrated better
outcomes using laser or laser + desensitizing agents
when compared to desensitizing agents only.?>%2%
Nevertheless, there is a lack of standardization
regarding dosage. To the best of the authors’
knowledge, this is the first clinical study proposing

customized treatment parameters based on the area
of dentin exposure, using laser in contact mode.
The authors believe laser application in contact
mode is clinically easier, especially considering the
maintenance of energy density and dosage during
treatment, which would be extremely challenging
in non-contact mode.

According to the literature, the immediate effect of
diode laser application relies on two mechanisms: the
laser effects on activation of the sodium-potassium
pump within the cell membrane of non-myelinated
fibers (C) of the dental pulp, thus increasing the
pain threshold;* and the reduction in the diameter
of dentinal tubules.” The long-term effects of laser
treatment are attributed to the activation of metabolic
processes resulting in production of sclerotic dentin
and tertiary dentin.*353

Considering the association of laser and fluoride
varnish, it has been proposed that the laser energy
promotes higher NaF varnish adhesion to the
dentinal tubules.”** In an in vitro study, the Ca to P
ratio was reported to increase after laser treatment
associated with fluoride varnish application, which
was attributed to the laser-induced calcium fluoride
(CaF,) adsorption onto the tooth surface, preventing
mineral losses.”

One could question the benefits of a treatment that
would eventually not be as stable when compared
to a potential definitive treatment such as surgery
or restorations for root coverage.® Nevertheless, laser
treatment of exposed roots is a very conservative,
more comfortable, and easier-to-conduct method,
even if it needs to be performed more often.

Another pertinent question would be about the
safety of the chosen parameters. The researchers
previously performed a pilot study about the increase
in intrapulpal chamber temperature in extracted
bovine teeth with 0.5 mm remaining buccal dentin
thickness and observed that irradiation with 0.5 W
and 0.8 W, following the same parameters as in this
clinical study, resulted in a temperature increase lower
than 2.5°C while irradiation with 1 W laser resulted
in an average increase of 3°C. During the pilot study,
the authors simulated the worst possible conditions,
with only 0.5 mm of dentin between the thermal probe
and the laser tip. Moreover, no pulpal circulation was

Braz. Oral Res. 2025;39:e077 7
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simulated, and a thermal paste was applied to allow for
optimal contact between the remaining dentin and the
thermal probe. Another in vitro study from our group'
showed 0.8 W and 1 W laser treatment had similar
dentin hydraulic conductance results. Therefore,
the authors chose 0.8 W because it seems to result in
appropriate outcomes and minimize risks. This choice
is supported by a recent study suggesting 0.8 W for
10 s has the best efficiency versus safety parameters
for 980 nm laser.*

One of the main limitations of this study was the
relatively small sample size, which did not allow for
evaluation of the influence of patient demographics
in the reported outcomes. Moreover, there was no
control group to evaluate possible placebo effects.
Nevertheless, the fact that the varnish-only group,
despite having a “simulated laser application” as part
of the triple-blind protocol, showed recurrence of DH
similar to baseline demonstrates that the laser-treated
groups had a longer-lasting clinical improvement.
It is also noteworthy that although negative control
groups are well accepted for short-term clinical trials,
to leave a patient without treatment for long periods
of time may create ethical issues.

In addition, even with extensive training and
calibration of the operator, it is impossible to absolutely
standardize the irradiation pattern as in a laboratory
study. Therefore, this study simulates a clinical
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