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Introduction

Abstract

Introduction: Dentin hypersensitivity is a common oral problem that occurs as a short and sharp pain.
There are many techniques to treat this condition, the latest of which is laser treatment. The aim of
this study was to evaluate the effect of two types of low-power diode lasers (660 nm and 810 nm) on
dentin hypersensitivity in order to achieve an acceptable clinical application by adjusting the effective
parameters.

Methods: In this randomized, double-blind clinical trial, sensitive teeth of 7 patients were divided into
three groups with a randomized matching method: group I, treated with 660-nm diode laser irradiation,
group ll, treated with diode laser 810-nm, and group lll, the control group. Irradiation parameters for
660-nm and 810-nm diode lasers were the power of 30 mW and 100 mW respectively, in contact
and continuous modes, perpendicular to the tooth surface with a sweeping motion. Treatments were
carried out in four sessions at weekly intervals. The data obtained were analyzed with SPSS 22, using
one-way repeated measures ANOVA and the LSD (least significant difference) test. The significance
level was considered as P<0.05.

Results: There were no significant differences in visual analogue scale (VAS) score changes between
the two laser groups after the intervention in the first, second and third weeks compared to the baseline
(P>0.05). These changes in the fourth week were significantly higher in the 810-nm laser group
compared to the 660-nm laser group (P=0.04), and in the 660-nm laser group, they were more than
the control group (P=0.02). The mean VAS scores at 1-week, 1-month and 2-month postoperative
intervals were significantly lower in the 810-nm laser group than in the 660-nm laser group, and in
the 660-nm laser group, they were less than the control group (P<0.001).

Conclusion: The use of 660-nm and 810-nm diode lasers with the power of 30 and 100 mW
respectively for 120 seconds was effective in reducing pain in patients with dentin hypersensitivity.
However, the effect of the 810-nm laser on reducing the dentin hypersensitivity was more long-lasting
than that of the 660-nm laser.
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direct effect of various irritants on the dentin surface.

Tooth hypersensitivity is a major challenge in dentistry
and its prevalence has increased in recent years.' Studies
have shown that 10%-30% of the general population
has tooth hypersensitivity and the rate will increase by
increasing the time of teeth remaining in the oral cavity.?
In a healthy state, the dentin is covered with enamel or
cementum and is not directly affected by irritants. Dentin
hypersensitivity occurs due to denuding of dentinal
tubules in the cervical area of the root, followed by the

One of the characteristics of pain resulting from dentin
hypersensitivity is its short nature due to the contact of
dentin with thermal, chemical, mechanical or osmotic
stimuli, which cannot be attributed to other dental
injuries such as trauma, caries, and so forth.> Pain
resulting from dentin hypersensitivity is usually short,
acute and immediate at the onset. The most common
stimulus for pain in subjects with dentin hypersensitivity
is cold.* Currently, the most widely accepted mechanism
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to explain tooth hypersensitivity is the hydrodynamic
theory which was first introduced by Brannstrom. On
the basis of this theory, the displacement of the biologic
fluid in the dentinal tubules which have been opened into
the oral cavity due to thermal, mechanical and chemical
irritants results in the stimulation of odontoblastic
nerve endings, leading to a sharp, short and local pain.’
Different techniques have been considered for the
treatment of dentin hypersensitivity, the most common
of which is the use of local home remedies and methods
such as the use of adhesives, varnishes, bonding agents,
periodontal grafts, and restorative procedures, which
yield different results. These techniques are not successful
in many cases and none of them has the characteristics of
an ideal treatment modality. A proper treatment modality
should not irritate the tooth pulp and should not cause
pain when it is applied and it also should be easy to apply,
be cost-effective, act fast, have long-lasting effects and be
resistant to the challenges in the oral cavity. In addition, it
should not irritate the oral cavity soft tissues and should
not stain teeth; however, the majority of the treatment
modalities lack these criteria.*’

In order to find a solution to this problem, the use
of lasers was introduced as an easy, safe and available
technique for the treatment of dentin hypersensitivity.
Currently, the use of lasers as a new technique has opened
new horizons in the treatment of dentin hypersensitivity,
and this technique has found ever-increasing applications
in dentistry. Some of the advantages of treatment with
lasers over other techniques include patients’ better
reaction, better and longer results, the predictability
of the treatment results, and the short chair time for its
application. In this context, the smaller size of diode laser
units and their lower cost have made them more favorable
for use in dental procedures.®*°

Due to the high prevalence of dentin hypersensitivity
on one hand and appropriate availability of diode lasers
on the other hand, , the present study was undertaken to
evaluate the effects of 660-nm and 810-nm low-level lasers
by selecting the effective parameters at different time
intervals on decreasing tooth hypersensitivity for the first
time as a step to improve this therapeutic treatment. The
null hypothesis in this study ran as follows: the two types
of low-power diode lasers (660 nm and 810 nm) have no
effects on the treatment of dentin hypersensitivity.

Materials and Methods

In the present study, 7 patients (3 males and 4 females)
with an age range of 25-45 years, who had cervical dentin
hypersensitivity in at least 3 teeth in 3 separate quadrants,
were evaluated. The subjects were selected from those
referring to different departments of the Faculty of
Dentistry, Isfahan University of Medical Sciences. This
study was approved by the Isfahan University Ethics
Committee under the code 396228 and registered on
the Iranian Registry of Clinical Trials website (identifier:

IRCT2017062022699N4; https://www.irct.ir/). Sufficient
information was provided for the patients about the
procedural steps, the number of sessions required in the
Faculty of Dentistry, and the duration of the study. All
the subjects signed informed consent forms in order to
be included in the study. Inclusion criteria were the teeth
having dentin hypersensitivity due to open dentinal
tubules due to gingival recession. The selected teeth were
free of calculus and plaque and if necessary, the subjects
underwent a scaling procedure before the study. The
selected teeth exhibited sensitivity to cold. Exclusion
criteria were patients with teeth showing evidence
of irreversible pulpitis or necrosis, carious lesions,
crown fractures, cracks, caries or restorations, facets of
attrition, premature contact, active periodontal disease,
use of analgesics during the 72-hour period before laser
application and individuals who had used anti-sensitivity
toothpaste during the previous 3-month period. Pregnant
women and smokers were excluded from the study."

To register the severity of pain in the affected teeth,
the visual analogue scale (VAS) was used. The VAS is a
continuous scale consisting of a horizontal line, generally
10 centimeters in length, anchored by 2 verbal descriptors:
“no pain” (score of 0) and “pain as bad as it could be” or
“worst possible pain” (score of 10 ). The patients were
asked to mark the VAS line at the point that showed their
pain intensity.

This index was recorded after applying dry ice sprayed
on a small cotton pallet over the tooth surface. An attempt
was made to carry out random assignment (randomized
allocation) based on the baseline VAS scores of the teeth
after they were recorded. In each patient in group 1, 660-
nm diode laser beams were applied to the hypersensitive
teeth, and in group 2, 810-nm diode laser beams were
applied; in group 3 (control), index radiation was applied.
The patients’ teeth were grouped in a manner in which all
groups existed in each patient.

The teeth in question were dried with gauze pieces
and isolated with a saliva ejector tip and cotton rolls. The
laser parameters in the 660-nm diode laser group (Polaris
2, ASTAR, Bielsko-Biata, Poland) were as follows: the
power of 30 mW, in contact with and perpendicular to
the surface, continuous irradiation for 120 seconds with
a forward and backward (sweeping) movement. The laser
parameters in the 810-nm diode laser group (Laservision
GmbH A.R.C. Siemensstr, Germany) were as follows: the
power of 100 mW, in contact with and perpendicular to
the tooth surface, continuous irradiation for 120 seconds
with a forward and backward movement. The teeth in
the control group were not laser-irradiated and for the
purpose of blinding, they were only exposed to index
radiation. Treatment was rendered in four sessions with
a one-week interval in a similar manner in all the four
sessions. The VAS was used to evaluate pain severity
before treatment and immediately after laser irradiation
at the first, second, third and fourth sessions (immediately
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after it and at 1-week, 30-day and 60-day postoperative
intervals). The data were analyzed with one-way ANOVA,
paired-samples t-test and the least significant difference
(LSD) test, using SPSS version 22 (SPSS Inc., IL, USA).

Results

The study was carried out on 96 hypersensitive teeth.
Dentin hypersensitivity scores were determined at the
specified time intervals. One-way ANOVA showed no
significant differences in the mean dentin hypersensitivity
scores before treatment in the first week between the 3
groups (P=0.53). In other words, at the baseline, the 3
groups were the same in terms of dentin hypersensitivity.
Table 1 presents the mean dentin hypersensitivity scores
at different intervals in all the 3 groups before and after
the treatment. Paired-samples ¢ test showed that the mean
dentin hypersensitivity scores at all the intervals and in
all the 3 groups after the treatment were significantly less
than those before the treatment (P<0.05); however, such a
decrease in the control group was less than that in the two
other groups. Table 2 presents the mean changes in dentin
hypersensitivity scores at different time intervals after the
intervention compared to the baseline in all the 3 groups.
One-way ANOVA showed significant differences in the
mean scores of dentin hypersensitivity before and after the
treatment at all the time intervals between the 3 groups
(P<0.05). The LSD test showed no significant differences
in the mean dentin hypersensitivity scores at the baseline

Table 1. The Mean Dentin Hypersensitivity Scores at Different Intervals in the
3 groups Before and After the Treatment

Before Intervention After Intervention

Group Interval Moan D Moan D P Value
Week 1 8.8 1.6 6.5 1.6 <0.001
810-nm Week2 6.7 1.7 5.1 12 <0.001
laser Week3 5.2 1.6 4 1.7 <0.001
Week 4 3.7 1.4 2.1 1.1 <0.001
Week 1 8.4 1.4 6.2 1.7 <0.001
660-nm Week2 6.8 16 5.2 15 <0.001
laser Week 3 5.4 1.7 4.4 1.3 <0.001
Week 4 4.5 1.5 3.5 1.2 <0.001
Week 1 8.4 1.8 7.9 1.9 0.034
Control Week 2 8.4 2.1 7.9 2 0.03
Week 3 8 1.7 7.4 1.7 0.042
Week 4 7.8 1.8 7.3 1.8 0.04

and at 1-, 2- and 3-week postoperative intervals between
the 810-nm and 660-nm diode laser groups (P>0.05).
However, the mean changes in the dentin hypersensitivity
scores in both groups were significantly higher than those
in the control group (P<0.05). The mean changes in the
dentin hypersensitivity scores in the fourth week in the
810-nm diode laser group were significantly higher than
those in the 660-nm diode laser group (P=0.04), which
in turn were higher than those in the control group
(P=0.02).

Table 3 presents the mean dentin hypersensitivity scores
at different time intervals after the intervention in all the 3
groups. One-way ANOVA showed significant differences
in all the mean dentin hypersensitivity scores at 1-week,
1-month and 2-month postoperative intervals between
the 3 groups (P<0.05). The LSD test showed that the
mean dentin hypersensitivity scores at all the 3 intervals
in the 810-nm diode laser group were significantly less
than those in the 660-nm diode laser group, which in turn
exhibited lower scores compared to the control group
(P<0.001). In other words, although both lasers resulted
in significant decreases in dentin hypersensitivity, the
effect of 810-nm diode laser was more long-lasting
compared to the 660-nm diode laser.

Discussion
The null hypothesis of the present study was rejected
because 810-nm laser beams resulted in better and more
long-term effects. The laser parameters that affect the
energy applied to the surface include power, irradiation
time, the pulse or CW mode, energy density, the distance
from the surface, and the angle between the surface and
the fiber tip. The most important consideration in the
treatment with laser beams is to determine proper laser
beam parameters in order to achieve the most favorable
result with no detrimental side effects.”® In the present
study, the power parameter of 660-nm and 810-nm laser
beams was determined at 30 and 100 mW respectively,
based on previous studies carried out in recent years and
also our pilot evaluation.""” It has been claimed that the
mechanism of improvement in dentin hypersensitivity
with the use of low-level lasers is through their effect
on nerve endings and at the level of living cells by the
induction of cellular proliferation and differentiation.
This explains why the majority of studies on low-level
lasers have been carried out clinically. However, high-

Table 2. The Mean Changes in Dentin Hypersensitivity Scores at Different Time Intervals After the Intervention Compared to the Baseline in All the 3 Groups

810-nm Laser 660-nm Laser Control
Interval P Value
Mean SD Mean SD Mean SD

Week 1 -2.3 0.17 -2.2 0.20 -0.7 0.15 <0.001
Week 2 -1.7 0.20 -1.6 0.17 -0.6 0.12 <0.001
Week 3 -1.1 0.15 -1.03 0.17 -0.6 0.13 0.02
Week 4 -1.5 0.18 -1.1 0.14 -0.5 0.16 <0.001
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Table 3. The Mean Dentin Hypersensitivity Scores at Different Intervals After the TREATMENT in the 3 Groups

810-nm Laser 660-nm Laser Control
Interval P Value
Mean SD Mean SD Mean SD
One week after the intervention 2.5 1.03 3.9 1.01 8.2 1.6 <0.001
One month after the intervention 1.5 0.9 3.1 1.1 7.8 1.7 <0.001
Two months after the intervention 0.8 0.7 2.2 0.8 7.8 1.9 <0.001

power lasers melt the dentin at the orifice of dentinal
tubules, resulting in their occlusion. It should be pointed
out that when high-power laser beams are used, attention
should be paid to the effects of an increase in temperature
on the dental pulp. It appears the immediate effect of
low-level lasers is mediated through their effect on nerve
endings through blocking the depolarization of C fibers
and the stimulation of the sodium-potassium pump in the
cell membrane, resulting in an increase in nerve impulses
and increasing the pain threshold.'®*

The delayed effect of those lasers, too, is related to the
mechanism of the obstruction of dentinal tubules by the
synthesis of secondary dentin and tertiary (reparative)
dentin.”*?' An important and common problem in studies
on dentin hypersensitivity is an improvement in all the
treatment groups even in the control groups.?* The placebo
effect in clinical studies on dentin hypersensitivity has
been reported to be strong, which might be due to the
effect of the placebo itself, spontaneous recovery, or the
possible regression of the condition.” This effect, which
depends on the relationship between the patient and the
dentist to a great extent, might result from a combination
of psychological and physiological factors.** Researchers
believe that patients experience relief due to the placebo
effect without receiving any treatment, the extent of which
has been reported to be 20%-60% in clinical studies on
dentin hypersensitivity.” The results of the present study
showed improvements in the control group only during the
early stages of the study and at other intervals, the control
teeth consistently exhibited high dentin hypersensitivity
scores. In this context, the treatment groups (660-nm and
810-nm laser groups) exhibited significant differences
from the control group (P<0.05). Considering the results
of previous studies, it should be pointed out that the
patient’s response to different stimuli is subjective and
depends on the patient’s threshold of pain and tolerance,
and this affects the results of clinical studies in this field;
under clinical conditions, the answers of politeness and
experimental subordination could make individuals
report less pain.?>”” However, it has been reported that the
placebo effect is not cumulative in nature; therefore, its
mechanism is different from the mechanism of the effect
of intervention.”

The results of the present study showed that both 660-
nm and 810-nm diode lasers significantly improved
dentin hypersensitivity. Considering the varieties of
parameters, different studies have used different laser

parameters. However, most of these studies have reported
the efficacy of these two diode lasers.>*'* Nonetheless, it
should be pointed out that since the 660-nm diode laser
is a new type of laser and has recently been introduced to
dentistry, only a limited number of studies have evaluated
the 660-nm diode laser. An important point that should be
discussed is the formation of secondary dentin at follow-
up intervals, which results in spontaneous recovery and
protection of the pulp against irritants.” It is important
to note that different mechanisms, including the natural
formation of the sclerotic dentin, the tertiary or reparative
dentin and the formation of the smear layer and calculus,
decrease tooth hypersensitivity naturally over time.*

Dentin hypersensitivity recurrence after treatment has
been reported in different studies, and its prevalence rate
for diode lasers is 6%-75%.% The routine daily activities
such as tooth brushing or intake of foods containing
carbohydrates and acids result in the recurrence,
exacerbation, and continuation of such hypersensitivity;
therefore, it will be useful for patients to observe oral
hygiene measures and a proper diet.”

In clinical and in vitro studies, 635-nm to 830-nm diode
lasers have been used for the evaluation of the effect of low-
level lasers on the treatment of dentin hypersensitivity.****
These laser wavelengths have some effects, including
the stimulation of circulation, increasing the biologic
activity of cells and also analgesic and anti-inflammatory
effects, with the induction of muscular rest.**** Based on
physiologic evaluations, the immediate effect of low-level
lasers on relieving pain due to hypersensitivity is mediated
through the blocking of depolarization of C nerve fibers.”
In addition to the immediate effect of low-level diode
laser beams, the selection of appropriate parameters
can help increase the metabolic activity of odontoblasts,
resulting in the occlusion of dentinal tubules through an
increase in the synthesis of tubular dentin and irregular
tertiary dentin.'®*® Therefore, it has been suggested that
low-level diode lasers are effective in the long-term and
short-term alleviation of dentin hypersensitivity through
the mechanisms mentioned above. Based on what was
discussed in the present study and ever-increasing
advances in laser technology, it appears in the future it
will be possible to extensively use lasers to treat dental
problems, including dentin hypersensitivity, considering
its high prevalence. In this context, clinical studies with
longer follow-up periods can help improve the quality of
treatment and resolve the relevant problems. Currently,
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considering structural advances in laser units and
equipment, the use of lasers in the dental field is on the
increase. However, one of the limitations of the use of
lasers is the treatment of hypersensitive surfaces in the
proximal areas, while gels and toothpaste can also be
applied in these areas due to their proper flowability.

Conclusion

In the present study, the proper use of 660-nm and 810-
nm diode lasers with 30- and 100-mW powers respectively
was effective in decreasing pain in patients with dentin
hypersensitivity in the short term. However, the effect of
the 810-nm laser was more long-lasting than that of the
660-nm laser in decreasing dentin hypersensitivity.
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396228 and registered on the Iranian Registry of Clinical
Trials website (identifier: IRCT2017062022699N4; https://
www.irct.ir/).

Conflict of Interests
The authors declare no conflict of interest.

References

1. Lopez TC, Diniz IM, Ferreira LS, Marchi ], Borges R, de
Cara SP, et al. Bioactive glass plus laser phototherapy as
promise candidates for dentine hypersensitivity treatment.
] Biomed Mater Res B Appl Biomater. 2017;105(1):107-116.
doi: 10.1002/jbm.b.33532.

2. Orchardson R, Gangarosa LP Sr, Holland GR, Pashley DH,
Trowbridge HO, Ashley FP, et al. Dentine hypersensitivity-
into the 21st century. Arch Oral Biol. 1994;39 suppl:S113-S9.
doi: 10.1016/0003-9969(94)90197-x.

3. Yilmaz HG, Kurtulmus-Yilmaz S, Cengiz E. Long-
term effect of diode laser irradiation compared to
sodium fluoride varnish in the treatment of dentine
hypersensitivity in periodontal maintenance patients: a
randomized controlled clinical study. Photomed Laser Surg.
2011;29(11):721-5. doi: 10.1089/ph0.2010.2974.

4. Clayton DR, McCarthy D, Gillam DG. A study of the
prevalence and distribution of dentine sensitivity in a
population of 17-58-year-old serving personnel on an RAF
base in the Midlands. ] Oral Rehabil. 2002;29(1):14-23. doi:
10.1046/j.1365-2842.2002.00805.x.

5. BalMV, KeskinerI, Sezer U, Agikel C, Saygun I. Comparison
of low level laser and arginine-calcium carbonate alone or
combination in the treatment of dentin hypersensitivity:
a randomized split-mouth clinical study. Photomed Laser
Surg. 2015;33(4):200-5. doi: 10.1089/pho.2014.3873.

6. Orhan K, Aksoy U, Can-Karabulut DC, Kalender A. Low-
level laser therapy of dentin hypersensitivity: a short-
term clinical trial. Lasers Med Sci. 2011;26(5):591-8. doi:
10.1007/s10103-010-0794-9.

7. Romano AC, Aranha AC, da Silveira BL, Baldochi SL,
Eduardo Cde P. Evaluation of carbon dioxide laser
irradiation associated with calcium hydroxide in the

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

treatment of dentinal hypersensitivity. A preliminary study.
Lasers Med Sci. 2011;26(1):35-42. doi: 10.1007/s10103-
009-0746-4.

Umberto R, Claudia R, Gaspare P, Gianluca T, Alessandro
del V. Treatment of dentine hypersensitivity by diode
laser: a clinical study. Int J Dent. 2012;2012:858950. doi:
10.1155/2012/858950.

Schwarz E, Arweiler N, Georg T, Reich E. Desensitizing
effects of an Er: YAG laser on hypersensitive dentine. J
Clin Periodontol. 2002;29(3).211-5: doi: 10.1034/j.1600-
051x.2002.290305.x.

Zare D, Haerian A, Molla R, Vaziri F. Evaluation of the
effects of diode (980 nm) laser on gingival inflammation
after nonsurgical periodontal therapy. J Lasers Med Sci.
2014;5(1):27-31. doi: 10.22037/jlms.v511.4425.

El Mobadder M, Namour A, Namour M, Dib W, El
Mobadder W, Maalouf E, et al. Dentinal Hypersensitivity
Treatment Using Diode Laser 980 nm: In Vivo Study. Dent
J (Basel). 2019;7(1). doi: 10.3390/dj7010005,

Tabibzadeh Z, Fekrazad R, Esmaeelnejad A, Shadkar MM,
Khalili Sadrabad Z, Ghojazadeh M. Effect of combined
application of high- and low-intensity lasers on dentin
hypersensitivity: A randomized clinical trial. J Dent Res
Dent Clin Dent Prospects. 2018;12(1):49-55. doi: 10.15171/
joddd.2018.008.

Dilsiz A, Canakci V, Ozdemir A, Kaya Y. Clinical
evaluation of Nd: YAG and 685-nm diode laser therapy for
desensitization of teeth with gingival recession. Photomed
Laser Surg. 2009;27(6):843-8. doi: 10.1089/pho.2008.2395.

Ladalardo TC, Pinheiro A, Campos RA, Brugnera Junior A,
Zanin F, Albernaz PL, et al. Laser therapy in the treatment
of dentine hypersensitivity. Braz Dent J. 2004;15(2):144-50.
doi: 10.1590/50103-64402004000200011.

Gerschman JA, Ruben J, Gebart-Eaglemont J. Low level
laser therapy for dentinal tooth hypersensitivity. Aust
Dent J. 1994;39(6):353-7. doi: 10.1111/j.1834-7819.1994.
tb03105.x.

Dilsiz A, Aydin T, Emrem G. Effects of the combined
desensitizing dentifrice and diode laser therapy in
the treatment of desensitization of teeth with gingival
recession. Photomed Laser Surg. 2010;28(suppl 2):S69-74.
doi: 10.1089/pho.2009.2640.

Lopes AO, Eduardo Cde P, Aranha AC. Clinical evaluation
of low-power laser and a desensitizing agent on dentin
hypersensitivity. Lasers Med Sci. 2015;30(2):823-9. doi:
10.1007/s10103-013-1441-z.

Gordon MW. The correlation between in vivo
mitochondrial ~changes and tryptophan pyrrolase
activity. Arch Biochem Biophys. 1960;91(1):75-82. doi:
10.1016/0003-9861(60)90457-4.

Bagis S, Comelekoglu U, Sahin G, Buyukakilli B,
Erdogan C, Kanik A. Acute electrophysiologic effect of
pulsed gallium-arsenide low energy laser irradiation on
configuration of compound nerve action potential and
nerve excitability. Lasers Surg Med. 2002;30(5):376-80. doi:
10.1002/1sm.10057.

Pesevska S, Nakova M, Ivanovski K, Angelov N, Kesic L,
Obradovic R, et al. Dentinal hypersensitivity following
scaling and root planing :comparison of low-level laser and
topical fluoride treatment. Lasers Med Sci. 2010;25(5):647-
50. doi: 10.1007/s10103-009-0685-0.

130 |

Journal of Lasers in Medical Sciences Volume 11, Number 2, Spring 2020



Low-Level Diode Lasers and Dentin Hypersensitivity

21.

22.

23.

24.

25.

26.

27.

28.

29.

Matsumoto K, Kimura Y. Laser therapy of dentin
hypersensitivity. ] Oral Laser Appl. 2007;7(1):7-25.

Dowell P, Addy M. Dentine hypersensitivity--A review.
Actiology, symptoms and theories of pain production. J
Clin Periodontol. 1983;10(4):341-50. doi: 10.1111/j.1600-
051x.1983.tb01283 x.

Finniss DG, Kaptchuk TJ, Miller E, Benedetti E Biological,
clinical, and ethical advances of placebo effects.
Lancet.  2010;375(9715):686-95 doi:  10.1016/S0140-
6736(09)61706-2.

Kimura Y, Wilder-Smith P, Yonaga K, Matsumoto K.
Treatment of dentine hypersensitivity by lasers: a review. ]
Clin Periodontol. 2000;27(10):715-21. doi: 10.1034/j.1600-
051x.2000.027010715.x.

West NX, Addy M, Jackson RJ, Ridge DB. Dentine
hypersensitivity and the placebo response. A comparison
of the effect of strontium acetate, potassium nitrate and
fluoride toothpastes. J Clin Periodontol. 1997;24(4):209-15.
doi: 10.1111/j.1600-051x.1997.tb01833.x.

Kienle GS, Kiene H. The powerful placebo effect: fact or
fiction? J Clin Epidemiol. 1997;50(12):1311-8. doi: 10.1016/
S0895-4356(97)00203-5.

Vieira AH, Passos VE de Assis JS, Mendonga JS, Santiago
SL. Clinical evaluation of a 3% potassium oxalate gel and a
GaAlAs laser for the treatment of dentinal hypersensitivity.
Photomed Laser Surg. 2009;27(5):807-12. doi: 10.1089/
pho.2008.2364.

van Die MD, Bone KM, Burger HG, Teede HJ. Are we
drawing the right conclusions from randomised placebo-
controlled trials ? A post-hoc analysis of data from a
randomised controlled trial. BMC Med Res Methodol.
2009;9:41. doi: 10.1186/1471-2288-9-41.

Berman LH. Dentinal sensation and hypersensitivity.

30.

3L

32.

33.

34.

35.

36.

A review of mechanisms and treatment alternatives.
] Periodontol.  1985;56(4):216-22.  doi:  10.1902/
jop.1985.56.4.216.

Tilliss TS, Keating JG. Understanding and managing dentin
hypersensitivity. ] Dent Hyg. 2002;76(4):296-310.

Ko Y, Park J, Kim C, Park J, Baek S, Kook Y. Treatment
of dentin hypersensitivity with a low-level laser-emitting
toothbrush: double-blind randomised clinical trial of
efficacy and safety. ] Oral Rehabil. 2014;41(7):523-31. doi:
10.1111/joor.12170.

Walsh LJ. The current status of low level laser therapy
in dentistry. Part 2. Hard tissue applications. Aust Dent
J.  1997;42(5):302-6. doi: 10.1111/j.1834-7819.1997.
tb00134.x.

Yilmaz HG, Kusakci-Seker B, Bayindir H, Toéziim TE Low-
level laser therapy in the treatment of mucous membrane
pemphigoid: a promising procedure. J Clin Periodontol.
2010;81(8):1226-30. doi: 10.1902/jop.2010.100095.

Walsh LJ. The current status of low level laser therapy
in dentistry. Part 1. Soft tissue applications. Aust Dent
J.  1997;42(4):247-54. doi: 10.1111/j.1834-7819.1997.
tb00129.x.

Wakabayashi H, Hamba M, Matsumoto K, Tachibana H.
Effect of irradiation by semiconductor laser on responses
evoked in trigeminal caudal neurons by tooth pulp
stimulation. Lasers Surg Med. 1993;13(6):605-10. doi:
10.1002/1sm.1900130603.

Ferreira AN, Silveira L, Genovese W], De Aratjo VC,
Frigo L, De Mesquita RA, et al. Effect of GaAlAs laser
on reactional dentinogenesis induction in human teeth.
Photomed Laser Surg. 2006;24(3):358-65. doi: 10.1089/
pho.2006.24.358.

Journal of Lasers in Medical Sciences Volume 11, Number 2, Spring 2020

| 131



