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Abstract

Background: Dentin hypersensitivity is a common issue among dental patients. There exist
different treatments, including gels, solutions, toothpastes, and lasers. This study compared the
effectiveness of Gluma, Colgate Sensitive Pro-Relief toothpaste, and 980 nm diode laser on
dentinal tubule occlusion.

Methods: In this experimental study, 40 premolar teeth without caries, fractures, restorations, or
root canal treatments were chosen for analysis. The enamel of the samples was removed using
a bur, and then the samples were prepared and divided into four groups. Three treatments were
applied to three groups of teeth, and the fourth group was considered the control group. The
number of occluded, semi-occluded, and open dentinal tubules in the samples was calculated
using field emission scanning electron microscopy, and the results were reported as percentages.
Statistical analyses were then performed using Kolmogorov-Smirnov, one-way analysis of
variance (ANOVA), and Tamhane tests.

Results: The results showed that the number of occluded dentinal tubules was 90.3%+8.23,
74.4%+11.62, 67.60%+10.62, and 15.03%=+3.39 in the laser, Gluma, toothpaste, and control
groups, respectively. The differences between the three treatment groups and the control group
were significant (P<0.05). All three different treatments significantly occluded dentinal tubules.
Conclusion: Based on the findings, the 940 nm laser could effectively reduce dentin sensitivity.
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Background

It is common for patients to visit the dentist due to dental
hypersensitivity (DH) (1), which is explained by short
and sharp pain and is caused by the exposure of dentin to
different stimuli, such as heat (2). DH does not involve any
other pathology or defect (3). Dentin sensitivity happens
when the external layer of the tooth (enamel) is lost due
to various reasons, such as erosion leaving the dentin
exposed to the oral environment. Non-carious cervical
lesions, which can cause tooth sensitivity, occur when the
enamel in the cervical part of the tooth is lost for reasons
unrelated to caries. The common areas for non-carious
cervical lesions are the buccal cervical area of the canines
and the premolars of the two arches (4). The frequency
of dentin sensitivity has been stated differently in various
studies, due to differences in population, habits, diet, and
research methods (5). Dentists reported the prevalence of

sensitivity in their patients to be about 10%-25%, which
is considered a serious problem for 1%. Its prevalence is
higher in female individuals, with the age range of 20-50,
but it is more common in the age of 30-40 (6).

Although many treatment options have been suggested
for tooth sensitivity, none of them have effectively reduced
sensitivity (7). Factors such as abrasion, wedge-shaped
defects, periodontal atrophy, (8) trauma, bleaching, acid
in food, incorrect brushing, bad oral hygiene habits, gum
recession, and even removing orthodontic appliances can
cause tooth sensitivity (9). The sensitivity of dentin to
stimuli is not an issue as long as it is covered by protective
tissues such as enamel. Electron microscope analysis
reveals that the quantity of dentin tubules is eight times
greater in sensitive dentin compared to insensitive dentin.
Additionally, the wall of the tubules in sensitive dentin is
thicker (10).
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There are several theories about dentin sensitivity,
including the transducer theory, the gate-control and
vibration theory, and the hydrodynamic theory (11). The
hydrodynamic theory is the most conventional theory
explaining dentin hypersensitivity. It has been shown that
dentin hypersensitivity is due to the movement of dentinal
fluid. According to this theory, dentin tubules are exposed
to the pulp and the environment, and mechanical, osmotic,
and evaporative stimuli stimulate the dentinal fluid and
ultimately cause pain and sensitivity (12). Various agents
have been used for DH, including dental sealers (fluoride
varnish and bonding), protein precipitants (silver nitrate),
tubule occluding agents (sodium fluoride, stannous
fluoride, and bioactive glass), and nerve desensitizers
(potassium nitrate) (13). Further, various lasers, such as
Nd:YAG, Er:YAG, CO, and diode, have been utilized to
treat dental sensitivity (14). There are several treatments
for DH, but there is still no substance or treatment that
effectively and irreversibly reduces pain (15).

The Gluma desensitizer is an adhesive system made of
5% glutaraldehyde and 35% hydroxyl ethyl methacrylate
(HEMA) (16). Glutaraldehyde coagulates proteins and
amino acidsin dental tubules, obstructing dentinal tubules,
and is a useful antiseptic (16). HEMA can also effectively
block dentinal tubules and increase the permeability of
glutaraldehyde into dentinal tubules (17).

Colgate Sensitive Pro-Relief toothpaste contains 8%
arginine as an active ingredient (18). The Pro-Argin
system is based on occluding dentinal tubules. It contains
arginine, bicarbonate-pH buffer, and calcium carbonate,
which serves as a source of calcium. A layer of calcium
that coats the tooth surface forms when arginine is
combined with calcium carbonate at physiological pH,
closing dentinal tubules and stopping liquid leakage (19).
The diode laser is a low-intensity laser employed to treat
hypersensitivity (20). Low-level laser energy has been
demonstrated to significantly reduce inflammation and
decrease DH (21).

This study aims to compare three treatments to
determine which treatment further helps occlude dentinal
tubules due to its importance and prevalence in patients

with teeth hypersensitivity.

Materials and Methods

In this in vitro experimental study, ten samples in each of

the four groups were considered the minimum sample size

according to a study by Joshi et al (22) using the one-way
analysis of variance (ANOVA) Power Analysis feature of

PASS 11 software, assuming an alpha of 0.05, a beta 0f 0.2,

a standard deviation of 0.077, and an effect size of 0.57.

Forty premolar teeth were selected from newly extracted
teeth for orthodontic purposes in people aged 12-25 years

(Figure 1). Teeth with caries, restoration, endodontic

treatment, fracture, wear, and anomalies were excluded

from the study (23). Soft and hard tissue remnants were

removed by Gracey curette 5/6 (HU-Friedy-USA) (24).

Teeth were polished with fluoride-free pumice powder

(Maquira, Brazil) using a rubber cap attached to a

handpiece for 10 seconds, rinsed in distilled water for 15

seconds, and dried. They were restored in a 10% formalin

solution at room temperature (25). The prepared samples
were coded and randomly divided into 4 groups, including

3 treatment groups and 1 control group, each comprising

10 teeth. The enamel part of the samples in midline buccal

(2 x2 mm with 2 mm thickness) was removed by diamond

fissure bur (Teeskavan, Iran). Then, a 12-blade flat conical

carbide bur No. 135 (Vanetti Dia Tessin, Swiss) was
used (Figure 2) to flatten the cutting surface (26). Next,
the prepared samples were put in the ethylenediamine
tetraacetic acid (EDTA) 17% (Nikdarman, Iran) solution
for 1 minute to remove the smear layer and expose dentinal
tubules to it. After immersing for 1 minute in the sodium
hypochlorite solution, the samples were rinsed once more
with distilled water. The distilled water was then utilized

to store the samples (27).

Overall, 40 samples were randomly divided into
four groups:

e  Group A (1-10 samples): Control group.

e Group B (11-20 samples): Gluma desensitizer
(Heraeus-Kulzer-Hanau, Germany) was applied to
the minimum amount of one drop with the tip of the
applicator on the wet dentin surface in the mid-buccal
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Figure 1. The Teeth Used in This Research
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cervical area of the prepared teeth for 60 seconds, and
the samples were left for 30 seconds. Then, the dental
air spray nozzle was gently taken on them to dry (28).
The criteria of Gluma drying on the surface were its
disappearance from the surface and the surface not
being shiny. Subsequently, the samples were washed
for 10 seconds in distilled water (22).

e Group C (21-30): The samples were washed with pea-
sized Colgate Sensitive Pro-Relief toothpaste (USA)
with the bristles at a 90-degree angle to the samples.
This procedure was performed for 2 minutes per day
for 14 days (29).

e Group D (31-40): The samples received irradiation
with a 980 nm diode laser (Dr. Smile, Italy) with 0.5-
watt power for 15 seconds continuously, 3 times with
an interval of 24 hours (4). The laser was irradiated
tangentially on the mid-buccal cervical region of
the sample in the form of rapid apicoronal and
mesiodistal movements (4).

Dentin Analysis Through Field Emission Scanning
Electron Microscopy

Before preparing the samples for placement in the Field
Emission Scanning Electron Microscopy (FE-SEM)
(Nikon-Japan), the crowns of the teeth were cut from
the roots by a diamond bur No. 008 (Teeskavan, Iran)
(30). The samples were washed and coated with a thin
layer of gold (1000 angstrom) under a vacuum in a
sputtering apparatus to improve conductivity (31). The

Figure 2. Sharpened Teeth With an Area of 2 x2 x2

microscope settings were set to 10 kV voltage and 5000
magnifications (32). Photomicrographs were randomly
taken from the cervical midline of the buccal surface of
the teeth (Figures 3-4). A total of 5000 dentinal tubules,
whether open or closed tubules (both completely and
partially closed), were manually counted from the
photomicrographs. The tubules that were completely
closed were considered fully closed tubules, while those
with a reduced diameter but open in the center were
considered semi-closed tubules (22).

The results were expressed as percentages and analyzed
statistically in four groups by Kolmogorov-Smirnov, one-
way ANOVA, and Tamhane tests.

Results

According to Table 1, the highest average of occluding
dentinal tubules was in the 980 nm diode laser, with
90.3+8.23%, followed by Gluma, Colgate Sensitive
Pro-Relief toothpaste, and the control groups, with
74.4+11.62%,67.6£10.62%,and 15.03 + 3.39, respectively.
The data were analyzed by the Kolmogorov-Smirnov test,

e
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SEM MAG: 2.00 kx Det: SE

WD: 11.89 mm Bl: 10.00 20 pm
View field: 104 pm  Date(m/dly): 07/13/19

Figure 3. Photomicrograph Taken From One of the Gluma Group Samples
With Closed Tubules at 2000 Magnification

Table 1. Statistical Characteristics of Occluding Dentinal Tubules Rate in the Studied Groups

Groups Numbers Minimum Maximum Mean Standard Deviation

Percentage 10

Control 8.60 20.00 15.0300 3.39936
Variable 10
Percentage 10

Gluma 61.00 100.00 74.4000 11.62564
Variable 10
Percentage 10

Colgate toothpaste 50.00 77.00 67.6000 10.62701
Variable number 10
Percentage 10

980 nm diode laser 75.00 100.00 90.3000 8.23340
Variable number 10
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and it was proved that the data distribution was normal
(P>0.05, Table 1).

Therefore, the data were analyzed using a one-way
ANOVA test (Table 2). According to the results, the
P value was less than 0.05 in all groups; thus, there was
a significant difference in the distribution in all groups
(P<0.05).

The groups were then compared two by two by post-hoc
tests, and finally, the Tamhane test was performed due to
the different data distribution in this study.

Based on the findings (Table 3), a significant difference
was found in the four groups regarding occluding dentinal
tubules (P<0.05). Nonetheless, there was no significant
difference between the Gluma and toothpaste groups
(P>0.05). However, a significant difference was observed
between the 980 nm diode laser and Gluma and toothpaste

SEM MAG: 5.00 kx Det: SE
WD: 10.90 mm BI: 10.00 10 pym
View field: 41.5 ym Date(m/dly): 07/13/19

Figure 4. Photomicrograph Taken From One of the Gluma Group Samples
With Closed Tubules at 5000 Magnification

groups (P<0.05).

The results revealed a significant difference between
the control group and the other three treatment groups
(P<0.05), indicating the effectiveness of the treatment
groups in occluding dentinal tubules. The Gluma group
was more effective than the Colgate Sensitive Pro-Relief
toothpaste, and the 980 nm diode laser was the most
effective. However, there was no significant difference
between the Gluma and Colgate Sensitive Pro-Relief
toothpaste groups (P> 0.05).

Discussion

Dentin hypersensitivity is a prevalent problem and a
clinical condition characterized by brief, sharp pains
caused by various stimuli, such as touch, heat, osmotic,
or chemical stimuli (33). It occurs when a stimulus
leads to fluid movement in the dentinal tubules (the
hydrodynamic theory), which then causes neural activity
in the pulpal areas of the dentin, producing a pain impulse
transmission (34). Desensitizing treatments may work
on depolarizing the dental nerves or closing the dentin
tubules (35). So far, various treatment methods, such as
laser treatment/desensitizing gels, as well as solutions
and pastes containing various compounds (e.g., fluoride,
potassium nitrate, and oxalate), have been provided to
reduce tooth sensitivity. DH is multifactorial in etiology;
however, exposure of dentin to the oral environment is
believed to be the main cause (36). Some people are at
higher risk for DH, including people who brush too hard,
patients with periodontal disease, bulimic patients, people
with xerostomia, people who consume a lot of acidic food

Table 2. One-way ANOVA Statistic

Sum of Mean

Squares " Square F Significance

Between groups  31920.787 3 10640.262 129.984 0.000

Within groups 2946.901 36 81.858

Total 34867.688 39

Note. df: Degree of freedom; ANOVA: Analysis of variance.

Table 3. Descriptive information table of mean difference and standard error with a 95% confidence interval

Mean Difference

95% Confidence Interval

Groups Standard Error Significance
) Lower Bound Upper Bound

Gluma -59.37000" 3.83029 0.000 -71.7281 -47.0119

Control Toothpaste -52.57000" 3.52830 0.000 -63.8858 -41.2542
Laser -75.27000" 2.81682 0.000 -84.1208 -66.4192

Control 59.37000" 3.83029 0.000 47.0119 71.7281

Gluma Toothpaste 6.80000 4.98085 0.716 -7.9224 21.5224
Laser -15.90000 4.50494 0.016 -29.3820 -2.4180

Control 52.57000 3.52830 0.000 41.2542 63.8858

Colgate toothpaste Gluma -6.80000 4.98085 0.716 -21.5224 7.9224
Laser -22.70000 4.25114 0.000 -35.3486 -10.0514

Control 75.27000 2.81682 0.000 66.4192 84.1208

980 nm diode laser Gluma 15.90000 4.50494 0.016 2.4180 29.3820
Toothpaste 22.70000 4.25114 0.000 10.0514 35.3486
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and drinks, older adults who have gingivitis, and people
who chew tobacco (37). Considering that tooth sensitivity
is a common and painful oral condition that irritates
patients, new treatments are constantly being developed
to alleviate these symptoms (32). Colgate Sensitive Pro-
Relief toothpaste, Gluma desensitizer, and 980 nm diode
laser are among the therapeutic methods for occluding
dentin tubules, the effects of which have undergone
investigation. After an evidence-based search, several
studies using treatment methods, including laser, were
obtained, the results of which can be useful in occluding
dentinal tubules and treating DH (34,35).

Kara et al indicated that DH is more common in
young and middle-aged people because tubule diameter
decreases in old people. Thus, teeth extracted from
people aged 12-25 for orthodontic purposes were used in
their study (38).

Similar to our study, Reddy et al compared the 980 nm
diode laser with desensitizing toothpaste in occluding
dentinal tubules. Their result revealed that the 980 nm
diode laser was more effective than toothpaste (39).

Al-Khafaji et al found that diode lasers with a wavelength
between 800 nm and 980 nm have little absorption in
water and hydroxyapatite. This poor absorption of laser
energy by the dentin causes heat aggregation and a slow
increase in the temperature of the dentin surface. This
temperature rise denatures the matrix and changes its
shape, thus sealing tubules in low-power lasers (40). In this
study, changes in SEM photomicrographs were observed
after using a low-power laser, which can be mentioned as
one of the main reasons for the success and superiority
of lasers over other treatment methods. In the study by
Al-Khafaji et al, the SEM analysis revealed that the higher
power of the laser led to a greater effect of the laser on
the dentin surface due to the higher energy absorbed to
the extent that irreversible damage was observed on the
surface of the tubules with a laser with a power of 3 W.
High-power lasers melt and recrystallize the matrix on
the dentin surface, while low-power lasers act directly
on nerve endings in the pulp and cause changes in nerve
conduction. Therefore, using low-power lasers in in-vivo
studies will probably show a better effect.

Liu et al concluded that structural changes in the
dentin are caused by the laser energy. The absorption of
energy causes the crystalline structure and melting by
the mineral part of the dentin, which includes carbonate
and phosphate. The mechanism of operation of the 980
nm laser is similar to that of the 1064 nm Nd:YAG laser,
as both lasers are located near the infrared region of the
electromagnetic spectrum (41).

Jena et al found that when a laser beam hits the surface
of a target tissue, there are four ways in which the energy of
light may be affected, including reflection, transmission,
absorption, or scattering. Tissue changes are primarily due
to absorbed energy. Hence, in laser treatment, determining
the right parameters for achieving satisfactory results in a
manner free from thermal damage to the pulp, fractures,

and carbonization is of paramount importance (16).

According to Corona et al, the use of laser therapy
with appropriate settings can provoke physiological cell
functions (2). The laser can provoke sclerotic dentin
construction and thus improve the internal closure of
dentinal tubules. The stimulation of odontoblasts, the
formation of irregular tertiary dentin, and the sealing of
dentinal tubules may reduce pain in DH (31). Therefore,
in this study, a low-power laser with a power of 0.5 W was
used to obtain the most changes with the least damage
to the pulp.

Reddy et al reported that Pro-Argin toothpaste and
Novamin had a significant effect on closing dentinal
tubules in comparison with the control group (39), which
is consistent with the results of our study. Toothpaste can
seal dentin tubules after seven days of daily brushing (39).

Arginine and calcium carbonate with dentin-like
deposits containing calcium phosphate accelerate the
tubule’s closure (39). Davari et al indicated that the
mechanism of the Pro-Argin system is based on the closure
of dentinal tubules (6). Dentin morphological changes
and tubule closure in the present study by toothpaste were
due to the contents of arginine and calcium carbonate and
their effects on the tubules.

Yilmaz et al found that Gluma decreased sensitivity and
showed a significant difference with the control group (13).
Accordingly, it is recommended that dentists apply Gluma
on the prepared dentin surface to reduce post-preparation
hypersensitivity. Schupbach et al demonstrated that after
applying Gluma in the lumen of dentinal tubules in
contact with the tubule walls, numerous transverse walls
were formed with a depth of 200 mm. They hypothesized
that fluid flow in dentin is affected by the formation of
a septum. Moreover, due to its high water solubility,
HEMA could promote glutaraldehyde entry into the
tubules, where glutaraldehyde leads to serum protein
stabilization in the dentinal fluid and occlusion of the
tubules. Desensitizers can infiltrate tubules and reduce
reactivity through forming a dentin seal on the tubule
surface, without the need for light curing such as Gluma,
or binding proteins and crystals in dentin tubules (41).

Based on the photomicrograph from FE-SEM, the
effects of three treatments (Gluma, Colgate Sensitive
Pro-Relief toothpaste, and 980 nm diode laser) on the
morphology and topography of the tubules were distinct
in the present study. It was observed that the laser led to
surface destruction of the tubules, while other substances
(Gluma and Colgate Sensitive Pro-Relief toothpaste)
plugged dentinal tubules and left a smoother surface
that did not deviate from the original topography of the
tubules. Laser’s effects on the denaturation of a dentine
organic matrix into an amorphous form might explain
surface changes due to their influence (40). Gluma and
Colgate Sensitive Pro-Relief toothpaste only caused a
mechanical obstruction of the tubules (39). Suppose a
laser-treated tooth requires a restorative treatment that
needs open dentinal tubules and penetration of resin in
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the future. In that case, these treatments may be difficult
due to the closure or destruction of the surface of the
dentin tubules.

Conclusion

In the current study, the effects of the three treatment
methods (Glioma, Colgate Sensitive Pro-Relief toothpaste,
and 980 nm diode laser) on tubule morphology and
topography were different. The 980 nm diode laser
caused SEM photomicrograph changes and destruction
of tubules, with minimal pulp damage, while Gluma and
Colgate Sensitive Pro-Relief toothpaste blocked dentinal
tubules and created a smoother surface.

According to the study results, the 980 nm diode laser
appears more effective than the other two treatments.
However, all three methods result in the closure or
destruction of dentin tubules, making restorative
treatments challenging due to the need to open dentin
tubes for resin penetration.
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