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I. Introduction

Dentinal hypersensitivity, shown to affect 18%
of adults”, is characterized by exposed dentin and
demonstrated by an exaggerated response to va-
rious stimuli (tactile, chemical, thermal, osmotic
). Response to stimuli can range from mild
discomfort to extreme pain:”. Dentinal hypersen-
sitivity can affect eating, drinking and breathing
) Epidemiologically, it has been shown to peak
in their 20s or 30s, particularly in periodontal
patientsﬁ'“’ .

The mechanism of dentinal pain is not well
understood. According to Brannstrém's hydrody-
namic theory, various stimuli displace the fluid in
the dentinal tubules inwardly or outwardly’ *.
Fluid movement activates the nerve endings at

the pulp/dentin interface. Thus anything that

decreases dentinal fluid movement or dentinal
permeability should decrease sensitivity'o"
Scanning  electron  microscopy(SEM)  has
shown that hypersensitive teeth has highly sigi-
nificantly increased numbers of dentinal tubules
per unit area (approximately 8X) compared with
non-sensitive teeth”), and diameters of dentinal
tubules were siginificantly wider (approximately
2X) in hypersensitive teeth compared with
non-sensitive teeth'”. These results are very
important since most of treatment modalities
attempt to occlude the dentinal tubules' '
Dentinal hypersensitivity can be treated with
dentifrices, fluorides, oxalates, dentin bonding

14-16) e : .
% Clinicians are

agents, lasers and restorations
trying to achieve the ideals proposed by Gross-
man in 1935 : the ideal treatment should not
irritate the pulp, nor cause pain, and should be
easy to perform, and rapid and effective for long
periods, and should not cause staining, and
should be consistently effective’”.

The laser today has been hamessed for pratical
use in a wide range of industries, dentistry
among them. Its clinical application, many pre-
dict, will revolutionize dental care as increasing
numbers of dentists adopt this emerging techno-
logy. The U. S. Food and Drugs Administration

has approved use of dental lasers on hard tissue
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in 1997. Many earlier studies reported an
explatory study of the effect of laser radiation on
teeth™ ™. Prelasing dentin with a pulsed CO»
laser increase dentin bonding by 300%". Use of
Argon and Nd'YAG lasers also have improved
dentin bondingz')'zi)" One of them is to treat
dentinal hypersensitivity. The procedure is quick
and simple. One treatment eliminates or drasti-
cally reduces sensitivity. Patient have remained
asymptomatic for up to two yearsm. SEM
reveals that the Nd'YAG, ArF-193nm Excimer,
XeCl-308nm Excimer dental laser can cause
melting of dentin and closure of dentinal
tubules™ . Lased dentin is harder than
nonlased dentin””’. Low level laseflg), He-Ne laser
and Nd:YAG laser” *" treatments can be used to
successfully reduce dentinal hypersensitivity 2
The purpose of this study is to evaluate,
clinically, the therapeutic effects of the pulsed
Nd:YAG laser on dentinal hypersensitivity.

0. Materials and Methods
1. Subjects

24 patients with dentinal hypersensitivity were
selected for this study. Each patient has two or
more hypersensitive teeth to cold and tactile
stimuli on exposed cervical dentin. Of the den-
tinal hypersensitive teeth to regulated air flow
from dental units air syringe and mechanical
irritation from dental explorer, one tooth was
chosen as a laser-treated group and another
tooth was chosen as control which was not lased.

2. Laser system

A pulsed Nd:YAG laser, Sunlase Master”
(Sunrise Technologies Inc., Fremont, U.S.A.) was
used for treatment of dentinal hypersensitivity.
This laser system has a wavelength of 1064 nm,
a pulse duration of 120 psec and a fiberoptic
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delivery system with a fiber dimeter of 320 um.
3. Procedure

All dentinal hypersensitive teeth are examined
clinically (tooth mobility, electrical pulp test) and
radiographically to rule out the periodontal or the
pulpal disease.

Baseline hyersensitivity assessment included
cold sensitivity to air from dental unit air syr-
inge, and tactile sensitivity to mechanical irrita-
tion from dental explorer on exposed dentin of
the labial cervix.

Each patient rated his/her response in a Visual
Analogue Scale(VAS) from chosen two teeth :
one as a laser treated group and the other as
control. No specific tooth (incisor or premolar or
molar) was selected.

Laser treatment was delivered in beginning at
0.3 W and 10 Hz(30 m]) for 10 seconds. Laser
exposure was incrementally increased for 10 to
40 seconds, followed by a 5 to 10 seconds of rest
period as the m] setting was increased by
increment of 10 mJ up to a maximum of 100 m],
or until the patient complained discomfort. The
laser energy was delivered by non-contact and
contact modes to cervical exposed dentin surface.
The fiberoptic tip was moved with a direction
from mesial to distal direction, covering the
exposed dentin. Laser treatment was again
procedured for 10 seconds at 0.3 W and 10 Hz (30
mJ) followed hy a 5 to 10 seconds rest period. If
the patient reported no discomfort, the setting
was increased 40 mJ to 100 m]. Laser treatment
continued at this parameter. The laser operator
used the explorer intermittently during treatment
to indentify the specific area of sensitivity. No
attempt to establish the treatment goal was made
by the operator exceeding up to two minutes.
Laser treatment was delivered totally three times
(the first visit, 1 day after the first visit, 3 days
after the first visit). Subsequent evaluations of



VAS were made immediately after first laser
treatment, and 1 day, 3 days, 7 days, 14 days
after the first visit for total 24 patients, and up to
30 days after the first visit for 9 patients among
the 24 patients.

4. Statistical analysis

Statistical analysis was performed using
repeated measures of ANOVA and multiple range
test of Ssheffée by SPSS/PC+(V50).

Il. Results

At baseline, there was no significant difference
in discomfort on VAS to cold and tactile stimuli
between the laser treatment group and control
group (Table 1, Table 2-1, Table 2-2, Table 3,
Table 4-1, Table 4-2). The response, however,
was higher on average to cold stimuli than to
tactile stimuli at baseline and at all subsequent
evaluation ; immediately after the first lasing and
1 day, 3 days, 7 days, 14 days, 30 days after the
first visit(Table 2-1, Table 2-2, Table 4-1, Table
4-2).

In general the dentinal hypersensitivity decre-
ased after laser treatment. Table 1 shows that

comparative analysis of laser treatment effects to
cold and tactile stimulation through 14 days
follow-up check for total 24 patients. The level of
discomfort (VAS scores) elicited by cold and
tactile stimulation decreased from 6.16 (baseline)
to 3.10 (immediatly after the first lasing) and to
2.93 (l4days after the first visit) (p<0.05). But
there was no significant difference among all
subsequent evaluations from immediately after
the first lasing to 14 days after the first visit
(p>0.05).

Table 2-1 shows that comparative analysis of
laser treatment effects to cold stimulation
through 14 days follow-up check for total 24
patients. The level of discomfort (VAS scores)
elicited by cold stimulation decreased from 6.45
(baseline) to 350 (immediately after the first
lasing) and to 3.04 (14 days after the first visit)
{p<0.05). But there was no significant difference
among all subsequent evaluations from imme-
diately after the first lasing to 14 days after the
first visit (p>0.05).

Table 2-2 shows that comparative analysis of
laser treatment effects to tactile stimulation thro-
ugh 14 days follow~up check for total 24 patients.
The level of discomfort (VAS score) elicited by
tactile stimulation decreased from 5.87 (baseline)

Table 1. Comparative analysis of laser treatment effects to cold and tactile stimulation (up to 14 days
follow-up check after the first visit in total 24 patients)

lased teeth control teeth
VAS scores
meantSD mean = SD
baseline . 6.16T264 5541226
immediately after the first lasing 310280+ 550£2.28
1 day after the first visit . 3951249+ 5351231
3 days after the first visit . 341 £ 249+ 5451223
7 days after the first visit 295+ 2.33% 535%£2.22
14 days after the first visit 2931235+ 531+£2.24

W, »

“—" denotes lasing to hypersensitive tooth.

*”  denotes significant difference from the baseline data(p<0.05).
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Table 2-1. Comparative analysis of laser treatment effects to cold stimulation (up to 14 days follow-up
check after the first visit in total 24 patients)

lased teeth control teeth
VAS scores

meant SD mean £ SD

baseline 6.45+253 570+2.27

immediately after the first lasing 3501268+ 5661229
1 day after the first visit 400235 558£2.37

3 days after the first visit 3621 2.56% 558%2.20

7 days after the first visit 3.0812.32« 550%£2.28

14 days after the first visit 3.04£231+ 541£2.32

“x”  denotes significant difference from the baseline data(p<0.05).

¢

‘—” denotes lasing to hypersensitive tooth.

Table 2-2. Comparative analysis of laser treatment effects to tactile stimulation (up to 14 days follow-up
check after the first visit in total 24 patients)

lased teeth control teeth
VAS scores

mean*SD mean £SD

baseline . 5871277 537+229

immediately after the first lasing 2701291+ 533%£2.31
1 day after the first visit . 391266 5121227

3 days after the first visit . 3201244 533t£2.29

7 days after the first visit 2.83+2.38+ 5.20%£2.20

14 days after the first visit 2831244+ 520%2.20

[T

“—" denotes lasing to hypersensitive tooth.

to 2.70 (immediatly after the first lasing) and to
2.83 (14 days after the first visit) (p<0.05). But
there was no significant difference among all
subsequent evaluations from immediately after
the first lasing to 14 days after the first visit (p>
0.05).

Table 3 shows that comparative analysis of
laser treatment effects to cold and tactile stimul-
ation through 30 days follow-up check for 9
patients of total 24 patients. The level of discom-
fort (VAS scores) elicited by cold and tactile
stimulation decreased from 6.50 (baseline) to 2.94
(immediatly after the first lasing) and to 3.06 (30
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*"  denotes significant difference from the baseline data(p<0.05).

days after the first visit) (p<0.05). But there
was no significant difference among all
subsequent evaluations from immediately after
the first lasing to 30 days after the first visit
(p>0.05).

Table 4-1 shows that comparative analysis of
laser treatment effects to cold stimulation
through 30 days follow-up check for 9 patients of
total 24 patients. The level of discomfort (VAS
scores) elicited by cold stimulation decreased
from 7.44 (baseline) to 3.89 (immediatly after the
first lasing) and to 3.56 (30 days after the first
visit) (p>0.05). But there was no significant



Table 3. Comparative analysis of laser treatment effects to cold and tactile stimulation (up to 30 days
follow-up check after the first visit in 9 patients)

laser tx. control
VAS scores

meanSD mean +SD
baseline . 6.50+3.38 6441233
immediately after the first lasing 2941253 644233
1 day after the first visit . 4111247 6.281t2.36
3 days after the first visit . 3441248 6.39+2.25
7 days after the first visit 278232+ 6.28£2.22
14 days after the first visit 2.61 32,25+ 6.28+2.22
30 days after the first visit 3.06%2.58+ 6.11£2.05

W,om

=" denotes significant difference from the baseline data(p<0.05).
‘—" denotes lasing to hypersensitive tooth.

¢

Tabie 4-1. Comparative analysis of laser treatment effects to cold stimulation (up to 30 days follow-up
check after the first visit in 9 patients)

laser tx. control
VAS scores

mean £ SD meantSD
baseline . 7441317 6.78+2.44
immediately after the first lasing 3891252 6.782.4
1 day after the first visit . 4.44+260 667125
3 days after the first visit N 3891252 6671229
7 days after the first visit 322+239 6.56£2.40
14 days after the first visit 3.11+232 6.56+2.40
30 days after the first visit 3561274 6.22+2.17

W, n

*”  denotes significant difference from the baseline data(p<0.05).

W

—" denotes lasing to hypersensitive tooth.

Table 4-2. Comparative analysis of laser treatment effects to tactile stimulation (up to 30 days follow-up
check after the first visit in 9 patients)

laser tx. control
VAS scores

mean 1 SD mean £ SD
baseline . 5561350 6.111+232
immediately after the first lasing 200+£2.29 6.11%£2.32
1 day after the first visit . 3.78+2.44 589+2.20
3 days after the first visit . 3002350 6.11£2.32
7 days after the first visit 2.33%£229 6.00£2.12
14 days after the first visit 211+220 6.00%2.12
30 days after the first visit 2561246 6.00+2.06

o,

+”  denotes significant difference from the baseline data(p<0.05).
‘" denotes lasing to hypersensitive tooth.

¢
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difference among all subsequent evaluations from
immediately after the first lasing to 30 days after
the first visit (p>0.05).

Table 4-2 shows that comparative analysis of
laser treatment effects to tactile stimulation
through 30 days follow-up check for 9 patients of
total 24 patients. The level of discomfort (VAS
scores) elicited by tactile stimulation decreased
from 556 (baseline) to 2.00 (immediatly after the
first lasing) and to 2.56 (30 days after the first
visit) (p>0.05). But there was no significant
difference among all subsequent evaluation from
immediately after the first lasing to 30 days after
the first visit (p>0.05). And there was no
siginificant difference in the level of discomfort
(VAS scores) between to cold and to tactile
stimulation through 30 days follow-up check for
9 patients of total 24 patients (Table 4-1, Table
4-2).

Fig. 1 shows that comparative analysis of laser
treatment effects to cold and tactile stimulation
through 14 days follow-up check for total 24
patients versus 30 days follow up check for 9
patients of total 24 patients. Fig. 1 shows the
similar decreasing tendency of the level of
dicomfort (VAS scores) to cold and tactile
stimulation up to 14 days after the first visit
between total 24 patients group and 9 patients
group. But the level of discomfort (VAS scores)
in 9 patients group a little bit increased 30 days
after the first visit.

There were no adverse effects and no
complications during and after laser treatment in
this study.

IV. Discussion

The mechanism of dentinal hypersensitivity is
not well understood and the symptoms of
dentinal hypersensitivity are unspecific and
subjective, so that an ideal compound does not

. am
exist™".
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VAS scores

B 1A 1D 30 70 14D 30D
VISIT

Fig. 1. Comparative analysis of laser treatment
effects to cold and tactile stimulation (up
to 14 days follow-up check in total 24
patients versus 30 days follow-up check
in 9 patients)

B ; baseline, [A; immediately after the first lasing,

1D ;1 day after the first visit,

3D ;3 days after the first visit,

7D ;7 days after the first visit,

14D ;14 days after the first visit,

30D ;30 days after the first visit

According to Brannstrém's hydrodynamic
theory, various stimuli displace the fluid in the
dentinal tubules inwardly or outwardlym. Fluid
movement activates the nerve endings at the
pulp/dentin interface. Thus anything that decre~
ases dentinal fluid movement or dentinal perme-
ability should decrease sensitivitym). Numerous
studies have reported that dentinal permeability
and hydraulic conductance were related to denti-
nal surface area, thickness, tubular radius and
surface character™ >.

Research is now beginning to focus on the use
of lasers to manage dentinal hypersensitivity.
The Nd:'YAG laser is capable of closing the
tubular orifices of the intertubular dentin of
bovine teeth®. Laser modified dentin surfaces
observed by conventional SEM have demonstr-
ated physical changes induced by laser treatment.
It has been suggested that these changes include



a melted and resolidified dentin surface and
partial closing of the tubules™.

Dentin has been fused after short exposure to
the Nd'YAG laser, and the fused dentin has been
crystalized into a glazed, nonporous surface™.

Upon above studies, therefore, this study was
designed to evaluate, clinically, the therapeutic
effects of the pulsed Nd'YAG laser on dentinal
hypersensitivity.

The methods used in this study to evaluate
hypersensitivity were based on previous studies,
in which a blast of air from a dental syringe and
mechanical stimulation of dentin with a dental
explorer. The subjective evaluation of percieved
pain by patients was based on the Visualized
Analog Scale(VAS). The measurement was
based on the patient’s ability to rank pain on a
scale from 0 to 10, where each increment is equal
and 0 refers to no discomfort and 10 to
intolerable pain. The patient’s subjectivity and
desire to avoid the discomfort caused by the
stimuli may have played a role in the result of
the study.

The methods used to assess the degree of
sensitivity also vary greatly from trial to trial.
Green” stated that trials relying only on
subjective responses could only have minimal
significance, whilst Lawson and Huff® concluded
that subjective symptomatology would be the
greatest value in demonstrating any positive
results. The arguments for and against each
method of assessment have been rehearsed
elsewhere™.

The laser parameters employed in this study
were selected for their potential to promote
seccessful desensitization without any untoward
pulpal responses. It is generally accepted that 5C
rise in pulpal temperature will cause pulpal
necrosis in 15% of experimental group“u)). The
Nd:YAG laser does not cause this rise in pulpal
temperature even after two minutes of treatment
at powers of 0.4 to 3.0W and frequencies of 10 to

30 Hz'"- these parameters well beyond those
used in this study.

This study demostrated that the pulsed
Nd:YAG laser could be an effective method for
the management of both thermal and tactile
dentinal hypersensitivity. It produced an imme-
diate effect (baseline versus immediatly after the
first lasing) to a greater or lesser extent on
almost all the sensitive teeth. But there was no
significant difference among all subsequent eva-
luations from immediately after the first lasing to
14 or 30 days after the first visit. This means
that laser desensitization effect was not propor-
tionally increased by multplication of lasing.

The results in this study are similar to those in
the recent controlled study of Gelsky, White and
Pruthi who found that the laser treatment using
He-Ne laser or/fand Nd:YAG laser reduced
thermal dentinal hypersensitivity by 58% and
mechanical dentinal hypersensitivity by 619%™,

And as shown in Fig. 1, the level of discomfort
(VAS scores) in 9 patients group a little bit
increased 30 days after the first visit. This means
that the therapeutic effects of the pulsed Nd:-YAG
laser on dentinal hypersensitivity beyond 30 days
may be diminished. So it is considered that more
comprehensive study on this concerning point
must be performed.

The therapeutic effects in this study was clini-
cally measurable with checking the level of
discomfort (VAS scores) elicited by regulated air
flow from dental unit air syringe and mechanical
irmtation from dental explorer, and was found to
be statistically significant.

From this study, it was suggested that pulsed
Nd:YAG laser could be used to desensitize
dentinal hypersensitivity.

V. Conclusion

In order to evaluate, clinically, the therapeutic
effects of dental laser on dentinal hypersensiti-
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vity, the author selected 24 dental patients with
dentinal hypersensitive teeth divided into one
experimental tooth (to be lased) and one control
tooth (not to be lased) in each patient, and
evaluated the seventy of dentinal hypersensiti-
vity using Visual Analogue Scale(VAS) to cold
stimuli from dental unit air syringe and tactile
stimuli from dental explorer. The author applied
laser energy to cervical abraded dentin surface of
experimental tooth under laser parameters of
0.3-1.0 W and 10Hz with combination of non-
contact and contact modes within two minutes in
lasing using the fiberoptic delivered, pulsed
NdYAG laser (Sunlase Master®, Sunrise
Technologies Inc., U.S.A., wavelength 1064 nm,
pulse duration 120 g sec, fiber diameter 320 #m)
at the first visit, 1 day and 3 days after the first
visit, and analyzed the VAS scores obtained
immediately after the first lasing, and 1 day, 3
days, 7 days, 14 days after the first visit.

The severity of dentinal hypersensitivity dec-
reased about 50% immediately after the first
lasing, and respectively about 36% (1 day), 45%
(3 days), 53% (7 days), 53% (14 days) after the
first visit (p<0.05), but there were not siginificant
differences among all subsequent evaluations.
And the severity of dentinal hypersensitivity in 9
patients of total 24 patients for evaluation of the
therapeutic effects up to 30 days after the first
visit decreased about 55% immediately after the
first lasing, and respectively about 37% (1 day),
48% (3 days), 58% (7 days), 60% (14 days), 53%
(30 days) after the first visit (p>0.05), and also
there were not siginificant defferences among all
subsequent evaluations. But the severity of
dentinal hypersensitivity increased a little bit 30
days after the first visit compared with 14 days
after the first visit. Therefore it is suggested that
continuing studies on the possibility of recurrence
of dentinal hypersensitivity after 30 or longer
days laser treatment using the pulsed Nd:'YAG
laser.
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