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Abstract
Purpose This clinical trial aims to evaluate in vivo the efficacy of a fluoride gel, a low-level laser (LLL), and a resin
varnish at the treatment of dentin hypersensitivity (DH). Treatments assessed for their effectiveness, immediate analge-
sia, and duration of desensitization.
Material and methods A total of 78 patients (one tooth per patient) with a clinical diagnosis of dentin hypersensitivity were
included in this clinical trial. Dentin sensitivity in response to an air blast stimulus was assessed, and a Numeric Rating Scale
(NRS) for pain from 0 to 10 was chosen to quantify pain at baseline and 15min, 1 month, and 3 months after the first application.
Patients were randomly divided into three groups. In the first group (treatment A, 26 patients), a fluoride gel (Calmodent
Professional, Intermed, Greece) was applied. In the second group (treatment B, 26 patients), teeth were irradiated by a 670-nm
InGaAlP continuous wave, red diode laser (MED-701, Lasotronic, Switzerland) with an output power of 180 mW, energy of
5.4 J, and irradiation time of 30 s. In the third group (treatment C, 26 patients), a resin varnish with giomer technology (PRG
Barrier Coat, Shofu, Japan) was applied.
Results The main analysis of the results was done with a linear mixed model (algorithm MIXED, IBM Statistics SPSS 21.0),
while pairwise comparisons were conducted with the Bonferroni method. The statistical significance for all tests was set at
p < 0.05. Themain effects of time and group were found to be statistically significant. The time × group interaction effect was also
statistically significant, and finally, a significant reduction (p < 0.05) of DH was recorded in all groups, compared with baseline.
Conclusion All three treatments offered satisfactory and prolonged results.
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Introduction

Dentin hypersensitivity (DH) is a widespread and painful
situation for the patients. The most recent definition is
coming from the Canadian Advisory Board on dentin hy-
persensitivity and describes DH as the BPain derived from
exposed dentin in response to chemical, thermal, tactile or
osmotic stimuli which cannot be explained as arising from
any other dental defect or disease^ [1–3].

Exposed dentin is the major problem. In the bibliography,
this situation is called Blesion localization^ [4]. The most

common reasons for dentin exposure are as follows: anatom-
ical abnormalities at enamel-dentin conjunction, gingival re-
cession, erosion (acidic diet, bulimia, gastric regurgitation),
attrition (occlusal abnormalities), abrasion (vigorous tooth-
brushing, abrasive toothpaste), abfraction (parafunctional ac-
tivity), and tooth malposition (lack of antagonist).

Each of these situations separately or more often a combi-
nation of all usually causes tooth wear and eventually DH.
However, not all exposed teeth are sensitive. In order for an
exposed dentin to be sensitized, the tubule plugs and the smear
layer should be removed. This condition is not rare, as we are
talking about a thin, different in structure, and probably under-
calcified smear layer [4]. At the same time, the results of the
scanning electron microscope (SEM) indicate a modification
at the structure of sensitive dentin [5, 6]. The width and the
number of the tubules are particularly relevant to fluid flow
which subsequently results in the activation of sensory nerves
[7]. This situation is called Blesion initiation^ and is the

* Angeliki Papadopoulou
dentaggpap@gmail.com

1 Department of Operative Dentistry, School of Dentistry, Aristotle
University of Thessaloniki, Thessaloniki, Greece

Lasers in Dental Science (2019) 3:129–135
https://doi.org/10.1007/s41547-019-00057-8

http://crossmark.crossref.org/dialog/?doi=10.1007/s41547-019-00057-8&domain=pdf
http://orcid.org/0000-0002-6942-048X
mailto:dentaggpap@gmail.com


second phase of DH pathogenesis [4]. The age, the formation
of secondary or tertiary sclerotic dentin or the occlusion of the
tubules by other environmental factors may prevent the sec-
ond phase of pathogenesis [8]. On the other hand, we should
not forget that pain is a subjective feeling and it is related to
patients’ tolerance and also to emotional and physical factors.

Differential diagnosis of DHmay be a challenging task as it
is based on exclusion. For this reason, detailed medical and
dental history is necessary [9]. Even though information from
patients’ anamnesis could be enlightening, however, the per-
sonal character of the replies makes the clinical examination
and, furthermore, the radiographic examination necessary. In
clinical testing, cold air and probe could be used to locate DH.
Differential diagnosis should be made from dental caries and
defective feelings which can cause postoperative sensitivity
due to marginal leakage. Moreover, DH should be distin-
guished from fractured fillings, fractured teeth, enamel cracks,
and reversible pulpitis [7]. All these situations could also
cause instant and sharp pain.

Treatments about DH are numerous and diverse.
Classification of all these agents is a challenging task, and
one standard way to categorize them is according to their
mechanism of action. So, there are those who decrease neural
response to pain and those who occlude dentinal tubules.
Tubule occlusion may succeed either by sealing with coating
mechanism or by altering tubule content through coagulation,
protein precipitation, and creation of insoluble calcium com-
plexes [10–12]. However, there is not yet a Bgold standard^
treatment. So, dental professionals continue to look for more-
effective, faster-acting, and longer-lasting treatments.

Laser technology is a relatively new and alternative treat-
ment for DH. Near- and mid-infrared lasers such as Nd:YAG
(1064 nm), Er:YAG (2940 nm), and CO2 (10,600 nm) have
been tested for many years. Even though the application of
this type of laser has been tested by many researchers with
positive results, however, a significant difference between
them and the placebo groups has not been noticed. Sgolastra
ascribed these positive results to the Hawthorne effect [13].
Kimura also compared treatments with low-output-power and
middle-output-power laser and concluded that positive results
range from 5.2 to 100%. Moreover, he noticed a better perfor-
mance of laser to cases with moderate pain [14].

During last years, low-level laser devices which emit at red
and infrared spectrum range (600–1000 nm) seem to win the
interest of scientists as they combine low cost, easy handling,
non-invasive, nonthermal, and painless application with rare
side effects. Low-level laser devices typically emit from 600
to 1000 nm, with an output power ranging from 1 up to
500 mW in pulsed or continuous mode. Typical intensity
ranges from 500 mW/cm2 to 5 W/cm2 and treatment time
from 30 to 60 s per point [15].

The term low-level laser therapy (LLLT) is a familiar term to
the majority of the patients and the most frequently used in

medical articles. Other famous names for this kind of therapy
are cold laser, soft laser, low-level light therapy, low-intensity
laser therapy, low-power laser therapy, photobiostimulation
(first mentioned by Endre Mester in 1967), and finally
photobiomodulation (PBM). Growing interest in the topic of
DH during the last 10 years has led research into new treat-
ments, and PBM is a novel and promising method for treating
DH. In 2014, the BNorth American Association for Light
Therapy^ and the BWorld Association for Laser therapy^ tried
to distinguish PBM from other forms of phototherapy like pho-
todynamic therapy (PDT) and optogenetics [16]. Actually, in
photodynamic therapy, light and photosensitive dyes, which
are exogenous chromophores, are used to kill cells while in
PBM, endogenous chromophores are directly stimulated to
heal [17]. The term PBM has recently been added to Medical
Subject Headings (MeSH) 2016. According to this new defini-
tion, PBM is BA form of light therapy that utilizes non-ionizing
forms of light sources, including lasers, LEDs and broadband
light, in the visible and infrared spectrum.^ It is a nonthermal
process involving endogenous chromophores eliciting
photophysical and photochemical events at various biological
scales. This process results in beneficial therapeutic outcomes
including, but not limited to, the alleviation of pain or inflam-
mation, immunomodulation, and promotion of wound healing
and tissue regeneration [16]. The purpose of this clinical study
is the comparative evaluation of a fluoride desensitizing gel, a
redwavelength diode laser device (670 nm), and a resin varnish
with giomer technology, for the treatment of DH. This longitu-
dinal, randomized, clinical trial is trying to estimate the imme-
diate effect of desensitizers, the duration of desensitization, and
finally the level of desensitization. It is hypothetized that there
is no difference among treatment groups, there is no difference
among time moments of the treatment, and finally treatment
results are not influenced by the time (group × time interaction).

Materials and methods

At the beginning of this clinical trial, detailed medical and
dental anamnesis from every patient involved was obtain-
ed. Patients with the following characteristics were ex-
cluded: carious lesions, defective restorations, enamel
cracks, active periodontal disease, periodontal surgery
(last 6 months), reversible pulpitis, analgesic or anti-
inflammatory treatment (last 72 h), bleaching procedure
(last 3 months), desensitizing products (last 6 weeks),
pregnant and lactating women.

A total of 78 teeth from 78 patients aged from 30 to 60
with a diagnosis of DH were treated. Approval by Ethics
Committee was obtained, and the patients signed written
consent. The trial took place at the Operative Dentistry
Department of Dental School of the Aristotle University
of Thessaloniki.
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Prior to their first visit, patients received dietary counseling
and oral hygiene instructions. Same type of toothbrushes and
tubes of toothpaste, without fluoride, were distributed to use
twice daily for 2 weeks before and during the trial for
3 months. At first visit, adjacent teeth were isolated by cotton
rolls. Air from the same dental equipment was applied for 3 s,
at a distance of 2 mm and perpendicularly to the root surface.
The same operator performed all air applications.

Each patient was asked to determine the level of pain by
using a Numeric Rating Scale (NRS) from 0 to 10 where 0
represented Bno pain^ and 10 Bunbearable pain.^ To standard-
ize the sample, the level of pain should have been over 4. This
measurement was characterized as Bmoderate^ pain. The first
measurement was recorded as Bbaseline.^ Patients were ran-
domly divided into three groups, and each group received
different treatment. Treatment in each group was randomly
applied as this was defined by the method of block randomi-
zation. During the trial, patients were examined four times and
four measurements were recorded for each one. Before apply-
ing any of the treatments, experimental teeth were cleaned
with low-speed handpiece and pumice powder without fluo-
ride. Teeth were rinsed and dried taking extra care to be blood
and saliva free.

In the first group (treatment A), a fluoride gel (Calmodent
Professional by Intermed, Greece) was applied. This
desensitizing gel consists of stannous fluoride (SnF2) 0.4%,
amine fluoride compounds (olaflur, amine fluoride 297),
micro-hydroxyapatite 20%, and 2000 ppm F−. The gel was
applied once with appropriate tip for 10 min.

In the second group (treatment B), a low-power laser de-
vice was used, with the following parameters: GaAlInP
670 nm, red wavelength diode laser (MED-701, Lasotronic,
Switzerland) with continuous wave (CW) mode of operation,
calibrated output power at the end of the tip 180 mW, power
density (intensity) 360 mW/cm2, treatment time 30s, illumi-
nated area 0.5cm2, energy 5.4 J, and energy density (dose)
10.8 J/cm2. Laser therapy was performed in three sessions
with maximum intervals of 48 h. The pain was assessed
15 min, 1 month, and 3 months after the final session of the
treatment. Mechanism of action is PBM.

In the third group (treatment C), a resin varnish with
giomer (glass ionomer + polymer) technology (PRG
Barrier Coat—surface pre-reacted glass ionomer by
Shofu, Japan) was applied. The base part consists of S-
PRG fillers based on fluoro-boro-alumino-silicate glass,
methacrylic acid monomers, and other ingredients while
the active part of the agent includes phosphonic and
methacrylic acid monomers, bis-MPEEP, carboxylic acid
monomers, TEGMA, reaction initiator, and others. Mixed
material was applied by appropriate tips and, after waiting
3 mins, was light-cured by using a LED unit (irradiation
wavelength 440–480 nm, light intensity > 1000 mW/cm2)
for 10s. Treatment was applied only once.

All teeth remained vital, and there were no adverse events
during the clinical trial.

Statistical methods

The calculation of the sample size was done with a formula
suitable for repeated measures that took into account an
80% power to reveal a minimum difference of 0.7 SD be-
tween groups and a 30% attrition rate. Accordingly, block
randomization was used to split the 78 patients that result-
ed from sample size calculation into three equal groups.
The data at baseline were analyzed with an analysis of
variance model to study differences between groups due
to random allocation of the patients. The primary analysis
then was done with a linear mixed model (algorithm
MIXED, IBM Statistics SPSS 21.0), while pairwise com-
parisons were conducted with the Bonferroni method. The
choice of the appropriate residual variance-covariance ma-
trix was based on the Schwarz’s Bayesian Criterion (BIC)
while in addition to the assumptions of residual normality
and homoscedasticity which were verified with the
Kolmogorov-Smirnov statistic and the scatterplot between
predicted values and residuals, respectively. The statistical
significance for all tests was set at p < 0.05.

Results

Regarding the sample data, descriptive statistics that took time
and group into account are given in Fig. 1.

The three groups were initially compared for differences at
baseline with an analysis of variance model. The results re-
vealed no statistically significant differences between them at
baseline (F(2,75) = 2.093, p = 0.130).

In accordance with the previous result and after the ap-
plication of a linear mixed model (algorithm MIXED of
SPSS) to the data set, the main effects of time and group
were found to be statistically significant (F(3,112.372) =
129.007, p < 0.001 and F(2,75.637) = 3.853, p = 0.026, re-
spectively). Further and more importantly, the time ×
group interaction effect was also statistically significant
(F(6,112.361) = 7.191, p < 0.001) (Table 1); therefore, it was
studied in more details with the Bonferroni method, and
the conclusions are presented in the following.

Regarding comparisons between groups at each time
point, CALMODENT showed statistically significant
higher mean value than PRG BARRIER at 15 min
(MD = 2.3, 95%CI 1.1–3.5, p < 0.001) and also at 1 month
(MD = 1.6, 95%CI 0.5–2.8, p = 0.003), while LASER did
not differ significantly from both CALMODENT and
PRG BARRIER at any time point (Table 2).

Regarding changes over t ime for each group,
CALMODENT showed a mean reduction over time. The
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mean NRS value at baseline was significantly higher than that
at 15 min (MD = 2.7, 95%CI 1.9–3.4, p < 0.001), at 1 month
(MD = 2.6, 95%CI 1.6–3.6, p < 0.001), and at 3 months
(MD = 3.8, 95%CI 2.6–5, p < 0.001). Further, the mean NRS
value at 15 min was more significant than that at 3 months
(MD = 1.1, 95%CI 0.2–2.1, p = 0.015) and the mean NRS
value at 1 month was greater than that at 3 months (MD =
1.2, 95%CI 0.4–2, p < 0.001).

Regarding LASER, the mean NRS value at baseline was
significantly higher than that at 15 min (MD = 2.8, 95%CI 2–
3.6, p < 0.001), at 1 month (MD = 2.7, 95%CI 1.7–3.7,
p < 0.001), and at 3 months (MD = 2.7, 95%CI 1.5–3.8,
p < 0.001), while no other difference between time points
was observed (p > 0.05).

Finally, PRG BARRIER revealed a similar pattern to
LASER, the mean NRS value at baseline was significantly
greater than that at 15 min (MD = 4.5, 95%CI 3.7–5.3,
p < 0.001), at 1 month (MD = 3.9, 95%CI 2.8–4.9,
p < 0.001), and at 3 months (MD = 3.5, 95%CI 2.4–4.7,
p < 0.001), while there were no other differences between time
points (p > 0.05).

The previous results are shown in Fig. 2.

Discussion

Calmodent Professional ( t reatment A) is a new
desensitizing gel. The mechanism of action is altering
tubule content through the creation of insoluble calcium
complexes. At the same time, amine fluoride compounds

in combination with stannous fluoride prevent adherence
of bacteria, restrict the production of dental plaque, and
reduce inflammation. Finally, micro-hydroxyapatite and
fluoride reinforce remineralization of dentin by creating
fluorapatite and by increasing the thickness of hydroxy-
apatite [11, 18–21]. According to Fig. 1, Calmodent
Professional acted in a slower way (7.6 to 4.9) but grad-
ually reduced pain level satisfactorily.

PRG Barrier Coat (treatment C) is a resin varnish. The
mechanism of action is sealing by coating. Besides
sealing, the release of F, Sr, and B ions prevents the
growth of Streptococcus mutans while at the same time
they decrease pH of oral environment and protect dentin
from erosion [22]. Finally, all the ions (Al, F, B, Sr, Si) of
PRG fillers inhibit demineralization and promote
remineralization of sensitive dentin [23, 24]. PRG
Barrier acted immediately (7.7 to 2.7) with also satisfac-
tory final result; however, we detected a relapse (2.7 to
3.7) during the post-treatment evaluation period.

Red wavelength diode laser MED-701 (treatment B) is a
GaAlInP 670-nm laser device. The mechanism of action is
PBM. PBM’s purpose is to improve the condition of dam-
aged tissues by stimulating cellular metabolism. Photons
start the healing process. After the irradiation, the photons
are absorbed by the main target of PBM, the cytochrome C
(C-C) complex. Stimulation of C-C increases production of
adenosine triphosphate (ATP), as light is absorbed. ATP is
responsible for cellular energy and signaling. In addition to
ATP, light stimulation also produces free nitric oxide (NO)
which is also a signaling molecule that improves cellular
function and blood circulation by relaxing blood vessel
walls. Finally, an increase in reactive oxygen spicies
(ROS) which affect many important physiological signal-
ing pathways including the inflammatory response is no-
ticed [15, 25]. Production of these signaling molecules
triggers a series of downstream effects that promote stim-
ulation of metabolic activity. In more detail, these mole-
cules induce growth factor production, increase cell prolif-
eration and motility, promote the cellular metabolic activ-
ity of odontoblasts (regenerative effect), and induce
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Fig. 1 Descriptive statistics for
the sample of the 78 patients

Table 1 Type III tests of fixed effects from the linear mixed model that
used in the analysis

Source Numerator df Denominator df F p value

Intercept 1 75.64 775.767 < 0.001

Time 3 112.372 129.007 < 0.001

Group 2 75.637 3.853 0.026

Time × group 6 112.361 7.191 < 0.001
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tertiary dentin production. Recently, Mooney and Arany
[26] proved that stimulation of ROS with an 810-nm diode
near-IR laser at low doses (3 J/cm2) activates a latent com-
plex of a growth factor known as transforming growth
factor-β1 (TGF-β1). ΤGF-βs are key biological mediators
that stimulate dental steam cells and create a new form of
reparative dentin called tertiary or osteodentin.

Finally, NO improves microcirculation and oxygena-
tion of the tissues.

In addition to tissue repair, production of ATP, NO, and
ROS induces analgesia. The increase of these molecules
can also increase the nerve ending threshold for pain,
increase serotonin and β-endorphin, decrease bradykinin,
and increase synaptic activity of acetylcholine esterase.
Besides, the increase inhibits Na+-K+-ATPase, blocks de-
polarization of Aδ and C fibers, and changes neuronal
transmission. These changes lead to an immediate analge-
sic effect which, according to the literature, is reversible
and may last from 48 h to 6 months depending on the
irradiation parameters. Moreover, Chow has proved that
analgesic effect may be succeeded only with intensity
over 300 mW/cm2. In DH, limitation of acute pain is the
first and crucial stage before the regenerative stage starts.

However, the way that PBM interrupts neural activity re-
mains a subject of continuing research [14, 17, 27].

As far as inflammation concerns, PBM reduces edema and
inflammation by increasing lymphatic flow which removes
waste products and cellular debris [15, 17, 25, 28–33].

The phrase BThe more, the better^ does not fit to the
philosophy of PBM method. Instead of this, a Bbiphasic
dose-response^ has been observed. According to this the-
ory, there is a curve which is known as BArndt-Schultz
law,^ and if the applied energy is insufficient, there is no
response. If energy is increased and passes a critical
threshold, which is unique for every tissue, PBM begins.
This critical threshold is called Btherapeutic window^ and
is rather narrow for every cell. Finally, if we continue to
increase energy, stimulation disappears and is replaced by
bioinhibition [33–35].

Apparently, a large number of parameters must be cho-
sen for every treatment: wavelength, pulse structure, pow-
er, time, size of the surface, size of active tip, and dis-
tance. Any change of these parameters ends up in a dif-
ferent result. So, inappropriate choice of light source or
dosage may lead to no results or bioinhibition [33–35].
Besides dose (J/cm2) and light source, PBM also depends
on the physiological state of the cell before irradiation. It
was found that if a cell is damaged or in a reduced redox
state, the cellular response to PBM is stronger [29].

Researchers present conflicting results about PBM. Corona
[36] compared diode laser (660 nm) with sodium fluoride and
Labalardo [37] diode laser (660 nm) with another diode laser
(830 nm). They both end up with positive results.
Furthermore, Labalardo noticed faster relief with 660-nm
treatment comparing with 830 nm. However, the results were
equally positive for all the examined groups. Dilsiz [38] tested
relief from DHwith Nd:YAG and 685 nm, and the superiority

Table 2 Bonferroni results from pairwise comparisons between groups at each time point

Time (I) Group (J) Group Mean Dif (I − J) SE df p value 95% confidence interval for difference

Lower bound Upper bound

Baseline CALMODENT LASER 1.0 0.55 66.672 0.190 − 0.3 2.4

PRG BARRIER 0.4 0.55 66.672 1.00 − 1.0 1.7

LASER PRG BARRIER − 0.7 0.55 66.672 0.715 − 2.0 0.7

15 min CALMODENT LASER 1.2 0.492 62.229 0.067 − 0.1 2.4

PRG BARRIER 2.3 0.492 62.229 < 0.001 1.1 3.5

LASER PRG BARRIER 1.1 0.492 62.229 0.081 − 0.1 2.3

1 month CALMODENT LASER 1.2 0.474 78.866 0.050 0.0 2.3

PRG BARRIER 1.6 0.48 80.05 0.003 0.5 2.8

LASER PRG BARRIER 0.5 0.474 78.866 0.938 − 0.7 1.6

3 months CALMODENT LASER − 0.1 0.506 77.497 1.00 − 1.3 1.1

PRG BARRIER 0.1 0.514 78.677 1.00 − 1.1 1.4

LASER PRG BARRIER 0.2 0.506 77.497 1.00 − 1.0 1.5

Fig. 2 Mean NRS values for each group over time
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of Nd:YAG treatment at 60 days was reported. Gentile
[39] compared 670 nm with a placebo group, and he ob-
served a significant statistical reduction in both groups.
Vieira [40] also ended up with the same results after using
660 nm, 3% oxalate potassium gel, and a placebo treat-
ment. However, in a more recent research, Bal [41] re-
ported superiority of 685 nm compared with a placebo
group and no significant difference between 685 nm and
an arginine-carbonate calcium agent. Finally, Garcia-
Delaney [17] noticed a significant statistical difference
between 660 nm and the control group.

The present clinical trial also ended up with positive re-
sults, as the 670-nm treatment (treatment B) succeeded imme-
diate and satisfactory relief from pain with long-lasting results.
In conclusion, null hypothesis is rejected as the main effects of
time and group were found to be statistically significant and so
was the time × group interaction effect. However, the three
examined treatments did not reveal significant differences be-
tween them concerning the final relief.

Limitations of this study concern the lack of placebo group
and the inability to record patients’ response to pain objective-
ly with NRS.

Even though PBM is a contemporary and promising treat-
ment in DH field, more randomized clinical trials are neces-
sary to create protocols with the appropriate parameters. The
right use of PBM devices could offer a reliable treatment op-
tion which is not influenced by external factors.

Conclusion

1. Calmodent showed statistically significant higher mean
value than PRGBarrier Coat at 15min, as also at 1 month,
while the 670-nm laser did not differ significantly from
both Calmodent and PRG Barrier Coat at any time point.

2. Calmodent showed a mean reduction over time.
3. Regarding the 670-nm laser, the mean NSR value at base-

line was significantly higher than that at 15 min, at
1 month, and at 3 months, while no other differences
between time points were observed.

4. PRG Barrier Coat revealed a similar pattern to the
laser device used. The mean NRS value at baseline
was significantly higher than that at 15 min, at
1 month, and 3 months, while there were no other
differences between time points.

5. All three treatments did not present significant differences
between initial and final measurements.

In conclusion, all three treatments can offer immediate and
satisfactory relief from DH pain with long-lasting results.
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