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Abstract:

Dentin hypersensitivity (DHS) is one of the major problems encountered in dental health in which laser treatment is seen to be
effective in treating DHS. Therefore, it is of interest to evaluate the efficacy of a 980 nm diode laser in treating DHS in patients who
are hypersensitive to the canine and premolar teeth. The patients were treated with a 10-second air blast from 1 cm away and verbal
pain rating (VAS). The patients were treated with two 60-second sessions of non-contact mode at 0.5 W. In the DHS treatment, the
patients showed a steady and clear reduction in pain scores at all follow-up visits. Thus, data shows the diode laser significantly

reduced the bacteria during root canal treatment.

Keywords: Dentin Hypersensitivity (DHS); laser; verbal analogue scale (VAS); diode laser; disinfection; root canal treatment

.
Background:
The clinical manifestation of dentin hypersensitivity is a sharp,
transient pain that is associated with exposed dentin when
subjected to heat, cold, touch, or chemicals, but not caused by
another dental condition [1]. It is estimated that 45 to 57 percent
of all adults suffer from DHS, with more cases found in
individuals aged 20 to 40 years [2, 3]. There is a slight
predilection in women but not always statistically significant.
Canines and premolars are more prone to DHS because they
tend to have less enamel and cementum cover [3]. Dentin is
normally not sensitive because it is protected by layers of
enamel, cementum and soft tissue. When dentin is exposed, the
tubules are open to stimuli [1]. There is general agreement that
DHS has several underlying causes [4]. The most widely
accepted theory is that by Brannstrom (1964), known as the
hydrodynamic theory states that when dentin is exposed to
stimuli, there is rapid fluid movement within the open dentinal
tubules that activates nerve endings in the tooth, leading to
sharp pain. The key to relieving DHS is to block or reduce the
tubules to prevent this fluid movement. Physical as well as
chemical means have been tried to achieve this but with limited
success [5]. The use of laser in relieving DHS was first reported
by Matsumoto in 1985 using an Nd:YAG laser. Since then,
various lasers, namely CO2, Er:YAG, HeNe and Er, Cr:YSGG,
were tried with varying results on DHS. There has been little
study on the 980nm diode laser, so this study was conducted. At
the same time, effective root canal treatment requires that all
microbes be eliminated from the root canal prior to filling.
Chemical cleaning with irrigants is helpful in dissolving tissue

. S
and breaking up biofilms that cannot be reached by instruments
[6]. One of the main microbes implicated in post-treatment
infection is enterococcus faecalis because it has been found to
survive in treated root canals. It has been found to possess
various characteristics that enable it to thrive, outcompete other
microbes, evade the host's immune system and cause tissue
damage [7]. The common irrigants used in root canal cleaning
include sodium hypochlorite and hydrogen peroxide. These are
effective in cleaning root canals, dissolving tissue and destroying
microbes [8]. The complete elimination of all microbes within the
root canal is difficult. Laser is able to penetrate deep into the root
canal, as well as into lateral canals and dentinal tubules, where
microbes reside. The use of laser is therefore a potential tool that
can enhance cleaning beyond conventional methods [9].
Therefore, it is of interest to evaluate the diode laser can enhance
root canal cleaning when used within the canal with saline
solution in teeth with acute irreversible pulpitis.

Materials and Methods:

Part A: Management of dentin hypersensitivity:

Patient selection and inclusion criteria:

Patients with sensitivity confined to canines and premolars were
studied if the teeth did not already have cavities or fillings and
patients were not on any form of desensitizing treatment. The
severity of DHS was categorized as mild, moderate, or severe
depending on intensity of pain. We documented patients’
subjective pain reactions to stimuli such as a cold blast or touch
using a verbal analog scale (VAS). We studied patients with a
VAS rating of 2 or more after exposure to a cold blast.
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Treatment protocol:

The tooth with sensitivity was exposed to a 10-second cold blast
from a fixed distance of 1 cm away and sensitivity was
documented. The area was then dried with cotton rolls. The 980
nm diode laser was set at 0.5 W with a non-contact mode, with
the laser fiber 2 to 3 mm away from the tooth surface. The area
was then given two 60-second sessions. The cold blast was then
administered again after laser treatment, with a VAS rating
documented. The procedure was repeated on days 1, 7 and 14.

Part B: Root canal disinfection:

Study population and selection criteria:

Sixty patients, between 20 and 50 years of age, requiring root
canal treatment of their teeth were selected. X-rays were taken
and pulp vitality was checked using an electric pulp tester or
cold test. The patients were also given information about the
study. Informed consent was obtained from each patient after
being given information about the study. The medical and
dental history of each patient was recorded. Inclusion criteria for
the study were permanent maxillary anterior teeth with acute
irreversible pulpitis, Verruca type 1 root canal morphology and
single roots with closed tips. Exclusion criteria were pregnant or
breastfeeding women, patients with systemic diseases, patients
allergic to study materials, patients taking antibiotics, teeth with
root resorption, calcification, developmental anomalies, non-
vital teeth and teeth with gum problems and combined
endodontic-periodontal lesions and teeth previously treated for
root canal therapy.

Clinical procedure:

The tooth was cleaned with 5% povidone-iodine. Anesthesia was
administered and rubber dam isolation was used. The access
cavity was prepared using a round burr. Cleaning was done
using sterile saline. The working length was determined using a
radiograph. An electronic apex locator was used, stopping 0.5
mm from the apex. The canal was checked using a size 10 K file.
Before treatment, intracanal samples were obtained by inserting
a presterilized paper point into the root canal for 60 seconds and
then inserting it into a sterile transport tube. Chemomechanical
preparation was done with the help of the HyFlex EDM
COLTENE rotary file system, with the files inserted at 450 rpm
with a maximum torque of 2.5 Ncm, followed by the glide path
files inserted at 300 rpm with 1.8 Ncm of maximum torque. The
canal was then irrigated with 5 mL of sterile saline solution. The
canal was then exposed to the 980 nm diode laser at 1.5 W, 15
Hz, with 21.2 ] of energy, with an energy density of 0.7 W, with
the 200 pm fiber tip inserted 1 mm short of the working length
with a helical motion at 1 mm/s, with six repetitions with 10
seconds of rest between repetitions. Another intracanal sample
was obtained, designated samples.

Microbiological processing:

All the paper points were inserted into thioglycolate broth,
which was then inoculated onto the blood agar medium. The
broth was vortexed and incubated at 37°C + 1°C for 24-48 hours,
with cloudiness checked. The colony count per milliliter was
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determined by multiplying the count by the dilution factor. This
was done with the pre-treatment as well as the post-treatment
samples.

Statistical analysis:

To find the sensitivity score of the DHS group at different
intervals, ANOVA was used with repeated measures ANOVA,
as the data was collected at different intervals of time. The
endodontic group data was shown as the mean * SD. The colony
count per milliliter was analyzed between the groups with the
help of the Kruskal-Wallis test as well as the Mann-Whitney U
test, with the significance level set at p < 0.05.

Results:

A consistent and progressive decline in VAS sensitivity scores
was observed across all follow-up time points. Immediately
following the initial laser application, a marked reduction in
sensitivity was recorded compared with the pre-treatment
baseline. This improvement was sustained and further enhanced
at the 1-week and 14-day assessments. Repeated-measures
ANOVA confirmed a statistically significant overall reduction in
sensitivity scores (p = 0.001 at the intermediate time point; p <
0.001 at 14 days) (Table 1). The results of the microbiological
tests indicated a significant reduction in the number of bacterial
colonies after the saline rinse with diode laser treatment. The
average number of colonies for the saline rinse with diode laser
treatment group was 710,890 with a standard deviation of
752,689. The Kruskal-Wallis test indicated a significant difference
in the mean colony count of the groups. The result showed a chi-
square of 8.04 with a p-value of 0.001. The pairwise tests,
specifically the Mann-Whitney U test, indicated a significant
difference with a preference for the diode laser group. The mean
reduction in bacterial colonies in the saline-plus-diode-laser
group was 320,449.50 + 270,677. Kruskal-Wallis analysis
confirmed a significant variation in the magnitude of colony
reduction (x2 = 10.87, p = 0.0001) (Table 2, 3).

Table 1: Verbal Analogue Scale scores recorded at each assessment time point

Sample No. frl;;_tment Intermediate  Score Score A
Score Treatment After 1 fter 14 Days
Score Week

1 8 6 4 2

2 5 3 1

3 10 3 4 2

4 8 6 3 5

5 9 7 5 3

6 5 8 6 2

7 5 5 4 1

8 6 5 4 2

9 10 3 4 2

10 6 5

11 9 4 2 2

12 5 3 1 0
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Mean 7.42 5.08 3.75 2.08
SD 1.93 1.62 1.36 1.24

SD = standard deviation. ANOVA: p = 0.001 (intermediate); p < 0.001 (14 days).

Table 2: Descriptive statistics for manual colony counts in the saline-plus-diode-
laser group

Group N  Mean SD SE Min Max p-value
Saline+ 20 710,890 752,689 168,306 48,200 3,250,000  0.001*
Diode

Laser

*Statistically significant (Kruskal-Wallis 2 = 8.04).

Table 3: Descriptive statistics for reduction in bacterial colony counts

Group N  Mean SD SE Min Max p-value
Saline+ 20 320,450 270,677 60,525 20,610 826,800  0.0001*
Diode

Laser

*Statistically significant (Kruskal-Wallis x2 = 10.87). SD = standard deviation; SE =
standard error.

Discussion:

DHS is a big challenge for doctors to deal with and it also has a
big impact on the quality of life of affected individuals [10]. Over
time, many management strategies have been proposed,
including home dentifrices with different active ingredients that
have the ability to block the movement of fluids through dentin
tubules or affect nerve signal transmission [11]. In this study,
canine and premolar teeth were selected as target teeth for DHS,
based on Rezazadeh ef al. [10], as these teeth were more
frequently affected by DHS. Diode laser therapy has also been
increasingly used for DHS and many studies have shown good
results. The principle of laser therapy for DHS is based on the
idea that laser light will be absorbed by the mineral portion of
dentin tissue. This absorption of energy will cause an increase in
temperature. This increase in temperature will cause the dentin
tissue to melt slightly and close the dentin tubules. In this study,
a 980 nm diode laser was used at 0.5 W. This value has been
shown by Liu et al. [12] and also by Asnaashari et al. [18] results
showed that there was an obvious reduction in sensitivity right
after the first laser treatment, similar to what was shown by
Orchardson and Gillam [13] in their study, He-Ne and Ga-Al-As
lasers were used and showed less thermal and tactile sensitivity
[12]. Teeth that were acutely painful from air blasts and
remained painful after removal of the stimulus also showed
obvious improvement right after the first laser treatment and
more obvious improvement after one week. The reason for this
more obvious improvement could be that the nerve signal
transmission of affected teeth was affected, rather than the
dentin tissue itself [14]. The laser could also increase activity in
the pulp-dentin area, resulting in the formation of sclerotic
dentin and closing of tubules from the inside [15]. The other
theories on how lasers reduce pain in dentin include direct pain
relief on the nerves [16], as well as changes in pulpal blood flow
after laser application, such as the tightening of vessels, changes
in tissues, clotting and slowing down of the blood flow. The low-
level laser therapy has been known to increase cells, reduce pain,
regulate cellular responses and reduce inflammation. The pain-
relieving effect of lasers has been attributed to the release of
endorphins, which block pain [17]. Asnaashari et al. [18] also
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discovered that the application of a diode laser in combination
with topical desensitizers was effective compared to the
application of each method on its own, thus reinforcing the
theory that laser melting of the surface enables the desensitizer
to seal the tubules better. The best irrigant in the endodontic
section should be able to act against various kinds of
microorganisms, act as a lubricant in endodontic procedures,
dissolve both organic and inorganic substances in the smear
layer, not irritate the tissues surrounding the tooth, be effective
even when there are blood and protein and totally eliminate the
smear layer [19, 20]. The most commonly used endodontic
irrigant is sodium hypochlorite, as it is able to dissolve dead
tissue like soap, inactivate amino acids and produce chloramines
[21]. Lasers in endodontics date back to Kimura et al. [22], when
the ruby laser was invented in 1960 [23]. The properties of the
laser beams, including the wavelength, energy, pulse, size and
time, determine the interaction of the beams with the target
tissues. In the study, the root canal was prepared using the
HyFlex EDM rotary system, which is flexible, single-file,
resistant to fatigue and does not spring back in curved root
canals, as the HyFlex EDM files are not made of nickel-titanium,
unlike the conventional files [24]. This was confirmed by
Gutknecht et al. [25], showing that the laser could reach the E.
faecalis that resides in the dentinal tubules, with an 83% success
rate even after previous treatment failures. Shehab et al. [26]
proved that the 10-second application was better than the 5-
second application, even though they were done over the same
number of cycles, six, at the same 2 W and that there was not
much difference between the 2 W and 2.5 W at the 5-second
application time. The parameters used in this study were 1.5 W
at 10 seconds, six cycles. The main problem with the intracanal
application of the Diode Laser is the possibility of heat damage
to the surrounding tissues, especially if the apical tip of the canal
is close to the mental foramen, the inferior alveolar canal, or the
maxillary sinus [27]. The endodontic biofilm is an important
feature of the canal, as the bacteria that cause endodontic
infections are known to survive in extreme conditions, even
under the influence of standard antimicrobial agents [28]. The
study by Awati et al. [29] proved that the ultrasonic application
of 18% etidronic acid was better at removing the smear layer, as
shown by confocal microscopy. The Erbium Lasers, with their
high absorption of water and sodium hypochlorite, create vapor
bubbles that cause secondary cavitation, which helps in the
agitation of the irrigant solution [30, 31].

Conclusion:

We show that laser has the ability to close dentinal tubules and
alter nerve pulp signal conduction; it also reduced bacterial
volume within the root canal when used with saline during root
canal procedures. The diode laser may be helpful in this difficult
situation, but it may be more effective when used with irrigation
solutions that kill bacteria within the canal. More studies with
larger sample sizes are recommended to support this study.
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