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Abstract

Background. Diode lasers (DLs) have demonstrated equal or better desensitizing effects than fluoride varnish, 10% potas-
sium nitrate (NK) gel and Gluma. The current study evaluated the desensitizing effect of combined application of DLs with
two different output powers and compared it with single DL therapy.

Methods. Sixty-two hypersensitive teeth were allocated randomly into two groups: the single group was treated with 3-W
DL beam once and in the combined group, the teeth were irradiated three times (the first time with 0.2-W and then with 3-W
and the second and third times, 48 and 96 hours after the baseline visit, with 0.2-W DL beams). The amount of dentin hyper-
sensitivity (DH) was evaluated, immediately before and after each visit, and 1 week and 1 and 3 months after the first visit.
Data analysis was performed using chi-squared test, repeated measurement of ANOVA and Mann-Whitney U test. P<0.05
was considered statistically significant.

Results. Statistically significant changes were observed in the means of VAS indices between all the measurement intervals
and pretreatment measures, in both experimental groups (P<0.001). The difference in VAS reduction among the groups was
not significant when the hypersensitive teeth were stimulated by a periodontal probe and a jet of air (P=0.63 and P=0.12).
Conclusion. The results of the present study showed that using both high-intensity and combined DL beams gives rise to
significant reductions in DH. There was no significant difference between combined and single laser therapies in the treatment
of tooth hypersensitivity.
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Introduction

Dentin hypersensitivity (DH) is a frequently oc-
curring annoying condition amongst 30-40-
year-old individuals.! The main symptom of this
problem is an acute, sharp and located pain after me-
chanical, thermal or chemical stimulation.>* DH usu-
ally occurs in the teeth with dentinal tubules exposed
to the oral environment and is explained by the theory
of hydrodynamic, which introduces dentinal tubule
fluid’s movement as a main factor for the stimulation
of pulpal receptors.®> Therefore, sealing of these ex-
posed tubules can reduce the intensity of pain and dis-
comfort.

Unfortunately, most treatment methods, including
the application of potassium ion, oxalates, sodium flu-
oride and resin bonding agents, are ineffective or pro-
duce short-lived desensitizing effects.5’

In mid-1980s, application of laser beams in the
treatment of DH was recommended for the first time®
and various laser systems have been used to this end.
Diode lasers (DL) have been tested in various studies
with different output powers and they have demon-
strated an equal or better desensitizing effect than flu-
oride varnish, potassium nitrate gel and Gluma.®*2 In
another study, cyanoacrylate application results were
similar to low-intensity lasers.®® Yilmaz et al** re-
ported an equal desensitizing effect for DL and
Er,Cr:YSGG lasers, and Dilsiz et al*> recommended
that Nd:YAG laser is more efficient than DL. Gomi et
al*® reported a 100% success rate for desensitizing ef-
fect of DL and long-term reduction of DH has been
shown by Wilder-Smith et al, Pinheiro et al and Mar-
silio et al.}”'® When testing DLs at distinct wave-
lengths, Almeida Lopes et al?® observed that the effect
of lasers on cell growth depended on the output power
and it was not related to the wavelength. Another in-
vestigation revealed that 980-nm diode laser can
block the dentinal tubules entirely, regardless of the
output powers of 2, 3 and 4 Ws.? In a recent in vitro
study, when applying a 980-nm diode laser beam with
0.5-, 0.7- and 1-W output powers, Rizzante et al
demonstrated a greater reduction in dentin hydraulic
conductance, as the irradiation power increased.?? It
seems that lasers with different ranges of output pow-
ers affect DH by two different mechanisms: high-
power lasers by melting and fusing the peritubular
dentin and low-power lasers by antiinflammatory ef-
fects and increasing the cellular metabolic activity of
odontoblasts.?*2* Although the efficiency of DLs in
DH management has been reported in various stud-
ies, 1152 prior to the current study, there is no pub-
lished data on the efficacy of combined application of
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DLs with two different output powers in order to ap-
ply both mechanisms in the treatment of DH. The aim
of this study was to evaluate the desensitizing effect
of combined application of DLs with two different
output powers and compare it with single DL therapy.

Methods

Eight patients (6 females and 2 males) with a total of
62 hypersensitive teeth, from the maintenance pro-
gram of the Periodontology Department of Shahid Be-
heshti Dental School, Tehran, Iran, were enrolled in
the study. A power calculation indicated that a mini-
mum of 20 teeth per group were required to detect a
significant difference between groups with alpha risk
set at 0.05 and beta risk at 0.2. The sample size was
increased to 31 teeth per group to compensate for po-
tentially larger number of dropouts. Mean age was
41.7 years (minimum 20, maximum 53) and each pa-
tient had at least 4 teeth with hypersensitivity. Shahid
Beheshti University Ethics Committee approved the
study protocol under the code 3065.

Subjects who had teeth with cracks, restorations in
cervical areas, carious lesions and non-vital teeth,
those with painful and systemic illnesses and those
who were on analgesics or anti-inflammatory medica-
tions were excluded. The degree of sensitivity was de-
termined with two thermal and tactile stimuli: a 3-sec-
ond air blast (60 psi at 22°C) at a distance of 2-3 mm
from the tooth surface and a controlled-pressure probe
(AESCULAP 0.2 N, USA) by mesial-to-distal move-
ment on the mid-buccal surface. Visual analog scale
(VAS) was used to register the severity of pain (0 =
no pain, 10 = severe pain). The hypersensitive teeth in
each patient were allocated randomly into two groups:
single DL-treated and combined DL-treated. All the
teeth were flossed and polished before treatment and
cotton rolls were used for isolation. The treatments
were carried out with a Diode laser device (Doctor
Smile, Lambda SPA, Italy). The first experimental
group was treated for 20 seconds with a 3-W DL beam
(wavelength=980 nm, 30 Hz, fiber=300 p, Single
Pulse mode) once. The teeth in the second group were
irradiated three times in three treatment sessions: In
the first session, the teeth were irradiated for 20 sec-
onds with an 0.2-W beam (wavelength=980 nm, fi-
ber=300 y, continuous wave mode), then for 20 sec-
onds with 3-W output power DL; second and third
sessions were 48 and 96 hours after the initial visit, in
which the teeth were treated for 20 seconds with 20-
Hz and 0.2-W diode laser beam. All the patients were
instructed in using a brushing method (modified Bass
technique) and were given a standardized toothbrush
(Cross Action, Oral B, Germany) and toothpaste
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(Complete 7, Crest, Germany). The severity of pain
was assessed immediately before and after each treat-
ment session and also at 1-week and 1- and 3-month
intervals after the first visit. Laser application was car-
ried out by a single investigator and sensitivity assess-
ment was performed by another blind examiner. All
the data were presented as Mean + SD. SPSS 16.0 was
used for data analysis. The main statistical assess-
ments were repeated measurement of ANOVA and
Mann-Whitney U test. P<0.05 was considered statis-
tically significant.

Results

Evaluation of the results of repeated measurement of
ANOVA indicated statistically significant changes in
the means of VAS in all the measurement intervals
and pretreatment measures in both study groups
(P<0.001). The VAS reduction difference between the
two study groups was not statistically significant
when a probe was used for assessment (P=0.63). In
addition, the difference between the two groups was
not significant when an air jet was used (P=0.12).
With the use of a periodontal probe, 68.25+£14.5%
reduction in mean VAS scores for the combined
group and 82.5+11.2% reduction in mean VAS scores
for the single group were noticed until the follow-up
period ended. The corresponding values were
83.14+6.5% and 69.2+8.02%, respectively, when an
air jet was used. The results of Mann-Whitney U test
indicated that the differences between these values
were not statistically significant (P=0.34, when a
probe was used andP=0.062, when an air jet was used)
(Tables 1 and 2). When a probe was used to stimulate
the teeth by a probe, reductions in DH were observed
in 34.4% of the irradiated teeth in the combined-DL
group and 51.5% of treated teeth in the single-DL
group, until 3 months of follow-up period ended. This

Table 1. Mean VAS scores in the two groups at differ-
ent time intervals, with the use of a periodontal probe
for stimulation

Combined Group Single Group P

Session 1

BT 1.18+0.36 1.66+0.39 0.12
AT 1.03+0.28 0.7610.20 0.70
Session 2

BT 0.87+0.25 0.97+0.22 0.38
AT 0.68+0.23 1.08+0.26 0.10
Session 3

BT 0.87%0. 27 1.14+0.29 0.28
AT 0.71+0.27 0.7610.21 0.36
1 week 0.8410.26 0.54+0.15 0.63
1 month 0.81+0.29 0.66+0.17 0.70
3 months 0.58+0.25 0.77+0.18 0.23

BT: before treatment; AT: after treatment
Session 1: initial visit; Session 2: 48 hours after initial visit; Session 3: 96
hours after initial visit

Table 2. Mean VAS scores in the two groups at differ-
ent time intervals, with the use of an air jet for stimu-
lation

Combined Group Single Group P

Session 1

BT 3.96+0.53 3.69+0.53 0.69
AT 2.62+0.45 2.48+0.59 0.45
Session 2

BT 2.87+0.48 1.20+.35 0.01
AT 2.25+0.46 1.16+0.30 0.17
Session 3

BT 1.04+0.29 0.95+0.30 0.19
AT 1.37+0.28 0.76+0.29 0.10
1 week 0.87+0.24 1.66+0.42 0.32
1 month 1.17+0.24 1.54+0.40 0.91
3 months 1.15+0.34 1.33+0.29 0.44

BT: before treatment; AT: after treatment
Session 1: initial visit; Session 2: 48 hours after initial visit;
Session 3: 96 hours after initial visit

difference was not statistically significant (P=0.26).
When stimulation was carried out by a jet of air, the
corresponding values were 87.5% and 72.7%, respec-
tively, with no statistically significant differences
(P=0.26).

Figures 1 and 2 show VAS index changes in the two
groups and at different times when the teeth were
stimulated by a probe and a jet of air.

None of the patients showed adverse effects after laser
therapy.

Discussion

After invention of the first laser in 1960 by Maiman,
several studies were designed to examine the ability
of various lasers in blocking dentinal tubules, fol-
lowed by reduction or complete resolution of the
symptoms of hypersensitive teeth. These studies
showed different results because of the difference in
laser parameters such as the laser type, power, radia-
tion frequency, exposure time, exposure mode etc.?®
Diode or Gal-Al-As laser was used in the present

Combined Group
Single Group

1.00+

Time Points

Figure 1. VAS index changes in the two groups at dif-
ferent time intervals when a periodontal probe was
used.
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Figure 2. VAS index changes in the two groups at dif-
ferent time intervals when an air jet was used.

study. It is a semiconductor laser whose different
wavelengths have been used to treat hypersensitive
teeth (780, 900 and 810 nm)? and various studies
have showed its efficiency in the treatment of DH.1%
14

Use of a pressure-controlled probe with a modified
sharp tip, designing the study as a clinical evaluation,
presence of two study groups in each patient and
blindness of patients and the observer to the type of
treatment method of each group, are some of the ad-
vantages of the present study. DL system was used in
the study because it is inexpensive, lightweight and
available.

The body of science indicates that the function
mechanisms of high and low intensity lasers on dentin
hypersensitivity reduction are different. It seems each
laser group has its unique way to affect tooth struc-
ture. This study was designed to use these two com-
pletely different mechanisms simultaneously to max-
imize the effect of lasers on reducing hypersensitivity.

According to the data obtained from the current
study, application of high-intensity lasers (808-nm di-
ode with 3-W output power) reduces DH. The mean
reduction amounts after three months, in high-inten-
sity group, with the use of thermal and mechanical
stimuli, were 69.2+8.02% and 82.5+11.2%, respec-
tively.

High-intensity lasers reduce DH in various ways,
the most important of which is photo-thermal effect
that melts and fuses the hard tissue with the smear
layer and occludes tubules.?®?” Moreover, the laser
energy may lead to the necrosis of sensory terminals
at the orifice of dentinal tubules.?®

Stabholz et al?® reported dentin permeability reduc-
tion and melting of dentin surface when they used
high-intensity laser (Nd:YAG) with 3-W output
power. They also observed that Nd:YAG laser affects
DH through the occlusion of dentinal tubules. Other
researchers such as Lan et al®® in 1996, Glauche et al?®
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and Gholami et al?” in 2011 reported similar results in
microscopic studies. However, Whitters et al® intro-
duced the direct analgesic action of Nd:YAG laser as
the only possible mechanism of pain relief. Orchard-
son et al® claimed that the Nd:YAG laser effect on DH
is due to depolarization inhibition of C and AJ fibers.

Botzenhart et al*! showed in an in vitro investigation
that application of 809-nm DL beam with 1-W output
power, 10-Hz frequency and 60-second exposure time
cannot produce predictable microscopic changes on
dentin and probably it results in hypersensitivity re-
duction due to the direct effect on the pulp. However,
Gholami et al?’ reported that DL beam with 2-W out-
put power can seal dentinal tubules to a low degree
and probably has a desensitizing effect. Consistent
with his results, Umana et al®? showed that diode laser
irradiations at 0.8 and 1 W led to occlusion of dentinal
tubules. Furthermore, Kimura et al” in 2000 and Go-
harkhay et al® in 2007 demonstrated that DL can par-
tially block the dentinal tubules. Moreover, it has a
direct analgesic effect.

In 2002, Schwarz et al** reported a 50% reduction
in DH 6 months after application of a high-intensity
Er:-YAG laser beam (80 mj/pulse, 3 Hz). They con-
cluded that DH resolution with the use of Er:YAG la-
ser is more effective than dentin protector and similar
to the results of the current study, indicating the high-
intensity laser effectiveness; the reason for differ-
ences between its effectiveness in two studies can be
attributed to differences in laser types, wavelengths,
intensity and other radiation properties.

Ciaramicoli et al®® and Gutknecht et al*® applied
Nd:YAG lasers and reported 80% and 94.5-98.6% re-
ductions in DH, respectively. These results clearly
show the efficacy of high-intensity Nd:YAG laser
beams.

In our study, VAS reduction was noticed between
the beginning and termination of each visit in both
groups. As we mentioned previously, the treatment
was carried out only during the first visit in the high-
intensity laser group. Therefore, the reduction ob-
served between the baseline and postoperative inter-
val in the second and third visits might be the result of
the placebo effect of laser used in the teeth of the com-
bined group in the oral cavity of the patient in the
same visit.

In previous studies, no one has used the combina-
tion of high- and low-intensity lasers for hypersensi-
tivity reduction; therefore, we decided to apply this
treatment approach to benefit from the two different
effects of high- and low-intensity lasers.

According to the results of the current study, use of
a combination of high- and low-intensity lasers can



High- and Low-intensity Lasers on Dentin Hypersensitivity 53

result in a significant decrease in DH. The mean hy-
persensitivity reductions after 3 months, in the com-
bination group, when using thermal and mechanical
stimuli, were 83.14+6.5% and 68.25+14.5%, respec-
tively.

The function of low-intensity lasers is attributed to
their direct effect on the pulp tissue. This therapeutic
effect can bring about analgesic and antiinflammatory
results and is related to the lasers which have high
penetration depth, such as 810 nm with DL and
Nd:YAG. These lasers affect pulp tissue components
and induce analgesia. Furthermore, the photo-modu-
lating effect, stimulation of odontoblasts in dentin—
pulp complex and also formation of tertiary dentin are
some of the other reasons of DH reduction over a long
period of time.2?

Senda et al®*” was one of the first researchers who
used low-intensity lasers (He-Ne) in the treatment of
DH. They applied the output power of 6 mW which
does not cause morphologic changes on the surface of
enamel or dentin and reported that the effect of this
treatment was from 2.5% to 100%, claiming that use
of He-Ne laser has more effects on action potential
than Ao or C fibers.

In another study, Wakabayashi et al?* reported that
DL blocks depolarization of C fibers and some other
researchers concluded that this laser can stimulate the
normal physiologic cellular function.®2

Sicilia et al* in 2009 evaluated the effect of low-
intensity DL (810 nm, 1.5-2.5 mW, 1 minute) and re-
ported that it causes 65.7% and 92% reductions in hy-
persensitivity caused by thermal and mechanical stim-
uli, respectively. This study showed efficacy of DL in
hypersensitivity treatment and the differences in hy-
persensitivity reductions between that study and the
present study can be attributed to differences in radi-
ation properties and study durations.

Pesevesca et al® in another study used low-intensity
DL (630-670 nm, 100 mW/cm?2) and reported com-
plete resolution of hypersensitivity in 86.6% of pa-
tients 4 days after treatment. They introduced low-in-
tensity lasers as a successful treatment method. Radi-
ation properties, duration of the study and use of only
one stimulant type are some of the differences be-
tween that study and the present one. The short dura-
tion of this study decreases the validity of the results.

Dilsiz et al*® in 2009 showed that 685-nm DL beam
significantly reduced hypersensitivity after 2 months.
Also, Ladalardo et al' claimed that both 830-nm and
660-nm DL beams caused hypersensitivity reduction.
Both these studies show the efficacy of this type of
laser therapy and confirm the results of the present
study. In another research, Matsumoto et al*®® reported

85-100% pain relief with the use of DL (30 mW, 0.5—
3 minutes). Gerschman et al® used DL beams with 30-
mW output power and reported 65-67% of hypersen-
sitivity reduction. Marsilio et al*® observed 87% pain
relief with the application of DL beams with 15-mW
output power. The effects of GaAlAs laser in Ki-
muraet al.” study were 30-100% and 73.3-100%
when 20-100-mW and 2.4-mW output powers were
used, respectively.

Wakabayashi et al?* also reported 98% pain reduc-
tion after application of 780-nm DL beam with output
power of 30 mW. Tissue response after laser radiation
is affected by factors such as wavelength, output
power, radiation mode and radiation dose.*® This can
be the reason for differences in the reported values.

According to the results of our study, there was no
significant difference between the two study groups in
DH reduction. Using combined laser therapy has its
own limitations. It increases the chair time and the
clinical procedure is more complex than single laser
therapy. The cost-benefit should thus be evaluated
when deciding to choose a special treatment ap-
proach.

In the present study, after evaluating the results, we
concluded that although the effect of high-intensity la-
ser with mechanical stimuli was more than the effect
of combined application of lasers (the difference was
not statistically significant), the consistency of the
treatment was significantly higher in the combination
group. In addition, the effect of combination laser
therapy was more than high-intensity laser applica-
tion, when using thermal stimuli (although there was
no significant difference). The reason might be at-
tributed to the low-intensity laser effect in the combi-
nation group, in stimulation of odontoblasts and for-
mation of tertiary dentin.

The definite mechanism of dentin hypersensitivity
is not clear yet and some other theories, other than hy-
drodynamic theory, have been proposed. This may be
the reason for differences between the results when
thermal and mechanical stimuli are used.

The two therapeutic systems of low-intensity and
high-intensity lasers affect the two sides of dentinal
tubules. The pulpal effects of low-intensity lasers,
when used alone, are probably more reversible be-
cause of continuous stimulation from the outside. Ex-
ternal blockage of dentinal tubules can also be elimi-
nated because of abrasion and the presence of micro-
organisms. The reason for the persistence of treatment
results in the combination group might be attributed
to the effect of laser on both sides of dentinal tubules.

As the combined application of lasers with different
intensities is a new approach in DH treatment, various
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other studies are needed to assess its efficacy and
compare it with the single high-intensity laser
method.

Conclusion

According to the results of the current study, it was
concluded that using high-intensity and combined DL
beams gives rise to significant reductions in DH.
There was no significant difference between the com-
bined and single laser therapies in the treatment of
tooth hypersensitivity.

Acknowledgments

The manuscript is totally driven from a thesis which was
performed under the supervision of Dr. Zohreh Tabibzadeh
and Dr. Reza Fekrazad in Shahid Beheshti Faculty of Den-
tistry.

Funding

The Research Center of Shahid Beheshti University of
Medical Sciences supported the study.

Competing interests

The authors declare that they have no competing interests
with regards to authorship and/or publication of this paper.

Ethics approval

The study was approved by the University of Shahid Be-
heshti Ethics Committee under the code 3065.

References

1. Ladalardo TC, Pinheiro A, Campos RA, Brugnera Junior A,
Zanin F, Albernaz PL, Weckx LL. Laser therapy in the treat-
ment of dentine hypersensitivity. Braz. Dent. J. 2004;15:144-
50.

2. Addy M. Dentine hypersensitivity: new perspectives on an old
problem. Int Dent J. 2002;52:367-75.

3. Canakci CF, Canakci V. Pain experienced by patients under-
going different periodontal therapies. J Am Dent Assoc.
2007;138:1563-73.

4. Rees JS, Addy MA cross-sectional study of dentine hypersen-
sitivity. J Clin Periodontol. 2002;29:997-1003.

5. Brénnstrom M, Astrom A. A study of the mechanism of pain
elicited from the dentin. J Dent Rest. 1964;63:619.

6. Orchardson R, Gillam DG. Managing dentin hypersensitivity.
J Am Dent Assoc. 2006;137:990-98.

7. Kimura Y, Wilder-Smith P, Yonaga K, Matsumoto K. Treat-
ment of dentine hypersensitivity by lasers: a review. J Clin
Periodontol. 2000;27:715-21.

8. Gerschman JA, Ruben J, Gebart-Eaglemont J. Low level la-
ser therapy for dentinal tooth hypersensitivity. Aust Dent J.
1994;39: 353-7.

9. Pesevska S, Nakova M, Ivanovski K, et al. Dentinal hypersen-
sitivity 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

10. Sicilia A, Cuesta-Frechoso S, Suarez A, Angulo J, Por-
domingo A, De Juan P. Immediate efficacy of diode laser ap-

JODDD, Vol. 12, No. 1 Winter 2018

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

plication in the treatment of dentine hypersensitivity in peri-
odontal maintenance patients: a randomized clinical trial. J
Clin Periodontol.. 2009;36(8):650-60. DOI: 10.1111/j.1600-
051X.2009.01433.x.

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.

Raichur PS, Setty SB, Thakur SL. Comparative evaluation of
diode laser, stannous fluoride gel, and potassium nitrate gel
in the treatment of dentinal hypersensitivity. Gen Dent.
2013;61(3):66-71.

Flecha OD, Azevedo CG, Matos FR, Vieira-Barbosa NM,
Ramos-Jorge ML, Gongalves PF, Koga Silva EM. Cy-
anoacrylate versus laser in the treatment of dentin hypersen-
sitivity: a controlled, randomized, double-masked and non-
inferiority clinical trial. J Periodontol. 2013;84(3):287-94.
DOI: 10.1902/jop.2012.120165.

Yilmaz HG, Kurtulmus-Yilmaz S, Cengiz E, Bayindir H,
Aykac Y. Clinical evaluation of Er,Cr:YSGG and GaAlAs
laser therapy for treating dentine hypersensitivity: A random-
ized controlled clinical trial. J Dent. 2011;39(3):249-54.
Dilsiz A, Canakci V, Ozdemir A, Kaya Y. Clinical evaluation
of Nd:YAG and 685-nm diode laser therapy for desensitiza-
tion of teeth with gingival recession. Photomed Laser Surg.
2009;27:843-48. DOI:10.1089/pho.

Gomi A, et al. A clinical study of soft laser 632 helium neon
low energy medical laser. 2nd report. The effects in the reliv-
ing the pain of hypersensitive dentine and the pain during
seating inlay. Aichi Gukuin J Dent Sci. 1986;24(3):390.
Wilder-Smith P. The soft laser: therapeutic tool or popular
placebo? Oral Surg Oral Med Oral Pathol 1988;66:654-8.
Pinheiro AL, Cavalcanti ET, Pinheiro T, Alves MJ, Miranda
ER.,De Quevedo AS, Manzi CT, Vieira AL, Rolim AB.
LLLT is an important tool to treat disorders of the maxillofa-
cial region. J Clin Laser Med Surg. 1998;16(4):223-6.
DOI:10.1089/cIm.1998.16.223.

Marsilio AL, Rodrigues JR, Borges AB. Effect of the clinical
application of the GaAlAs laser in the treatment of dentine
hypersensitivity. J Clin Laser Med Surg. 2003;21(5):291-6.
DOI:10.1089/104454703322564505

Almeida-Lopes L, Rigau J, Zangaro RA, Guidugli-Neto J,
Jaeger MMM. Comparison of the low level laser therapy ef-
fects on cultured human gingival fibroblasts proliferation us-
ing different irradiance and same fluence. Lasers Surg Med.
2001;29:179-84.

LiuY,GaoJ,Gao Y, Xu S, Zhan X, Wu B. In Vitro Study of
Dentin Hypersensitivity Treated by 980-nm Diode Laser. J
Lasers Med Sci. 2013;4(3):111-9.

Rizzante FA, Maenosono RM, Duarte MA, Furuse AY,
Palma-Dibb RG, Ishikiriama SK. In Vitro Evaluation of Den-
tin Hydraulic Conductance After 980 nm Diode Laser Irradi-
ation. J Periodontol. 2016;87(3):320-6.

Corona SA, Nascimento TN, Catirse AB, Lizarelli RF, Di-
nelli W, Palma-Dibb RG. Clinical evaluation of low-level la-
ser therapy and fluoride varnish for treating cervical dentinal
hypersensitivity. J Oral Rehabil. 2003;30:1183-9.
Wakabayashi H, Hamba M, Matsumoto K, Tachibana H. Ef-
fect of irradiation by semiconductor laser on responses
evoked in trigeminal caudal neurons by tooth pulp stimula-
tion. Lasers Surg Med. 1993;13:605-10.

Hashim NT, Gasmalla BG, Sabahelkheir AH, Awooda AM.
Effect of the clinical application of the diode laser (810 nm)
in the treatment of dentine hypersensitivity. BMC Res Notes.
2014;7:31. DOI:10.1186/1756-0500-7-31.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Sicilia+A%2C+Cuesta-Frechoso+S%2C+Su%C3%A1rez+A%2C+Angulo+J%2C+Pordomingo+A%2C+De+Juan+P.+Immediate+efficacy+of+diode+laser+application+in+the+treatment+of+dentine+hypersensitivity+in+periodontal+maintenance+patients%3A+a+randomized+clinical+trial.+Journal+of+Clinical+Periodontology.+2009%3B36%288%29%3A650-60.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sicilia+A%2C+Cuesta-Frechoso+S%2C+Su%C3%A1rez+A%2C+Angulo+J%2C+Pordomingo+A%2C+De+Juan+P.+Immediate+efficacy+of+diode+laser+application+in+the+treatment+of+dentine+hypersensitivity+in+periodontal+maintenance+patients%3A+a+randomized+clinical+trial.+Journal+of+Clinical+Periodontology.+2009%3B36%288%29%3A650-60.
http://www.ncbi.nlm.nih.gov/pubmed?term=Orhan%20K%5BAuthor%5D&cauthor=true&cauthor_uid=20589404
http://www.ncbi.nlm.nih.gov/pubmed?term=Aksoy%20U%5BAuthor%5D&cauthor=true&cauthor_uid=20589404
http://www.ncbi.nlm.nih.gov/pubmed?term=Can-Karabulut%20DC%5BAuthor%5D&cauthor=true&cauthor_uid=20589404
http://www.ncbi.nlm.nih.gov/pubmed?term=Kalender%20A%5BAuthor%5D&cauthor=true&cauthor_uid=20589404
http://www.ncbi.nlm.nih.gov/pubmed?term=10.%09Kaan%20Orhan%20%26%20Umut%20Aksoy%20%26%20Deniz%20C.%20Can-Karabulut%20%26Atakan%20Kalender%20Low-level%20laser%20therapy%20of%20dentin%20hypersensitivity%3A%20a%20short-term%20clinical%20trial.%20Lasers%20Med%20Sci%20DOI%2010.1007%2Fs10103-010-0794-9
https://www.ncbi.nlm.nih.gov/pubmed/?term=Raichur%20PS%5BAuthor%5D&cauthor=true&cauthor_uid=23649578
https://www.ncbi.nlm.nih.gov/pubmed/?term=Setty%20SB%5BAuthor%5D&cauthor=true&cauthor_uid=23649578
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thakur%20SL%5BAuthor%5D&cauthor=true&cauthor_uid=23649578
https://www.ncbi.nlm.nih.gov/pubmed/23649578
https://www.ncbi.nlm.nih.gov/pubmed/?term=Flecha%20OD%5BAuthor%5D&cauthor=true&cauthor_uid=22524329
https://www.ncbi.nlm.nih.gov/pubmed/?term=Azevedo%20CG%5BAuthor%5D&cauthor=true&cauthor_uid=22524329
https://www.ncbi.nlm.nih.gov/pubmed/?term=Matos%20FR%5BAuthor%5D&cauthor=true&cauthor_uid=22524329
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vieira-Barbosa%20NM%5BAuthor%5D&cauthor=true&cauthor_uid=22524329
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ramos-Jorge%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=22524329
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gon%C3%A7alves%20PF%5BAuthor%5D&cauthor=true&cauthor_uid=22524329
https://www.ncbi.nlm.nih.gov/pubmed/?term=Koga%20Silva%20EM%5BAuthor%5D&cauthor=true&cauthor_uid=22524329
https://www.ncbi.nlm.nih.gov/pubmed/22524329
http://www.ncbi.nlm.nih.gov/pubmed?term=Yilmaz%20HG%5BAuthor%5D&cauthor=true&cauthor_uid=21238531
http://www.ncbi.nlm.nih.gov/pubmed?term=Kurtulmus-Yilmaz%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21238531
http://www.ncbi.nlm.nih.gov/pubmed?term=Cengiz%20E%5BAuthor%5D&cauthor=true&cauthor_uid=21238531
http://www.ncbi.nlm.nih.gov/pubmed?term=Bayindir%20H%5BAuthor%5D&cauthor=true&cauthor_uid=21238531
http://www.ncbi.nlm.nih.gov/pubmed?term=Aykac%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=21238531
file:///D:/zahra/z.htm
https://doi.org/10.1089/clm.1998.16.223
https://doi.org/10.1089/104454703322564505
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=25606318
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gao%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25606318
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gao%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=25606318
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xu%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25606318
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhan%20X%5BAuthor%5D&cauthor=true&cauthor_uid=25606318
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wu%20B%5BAuthor%5D&cauthor=true&cauthor_uid=25606318
https://www.ncbi.nlm.nih.gov/pubmed/25606318
https://www.ncbi.nlm.nih.gov/pubmed/25606318
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rizzante%20FA%5BAuthor%5D&cauthor=true&cauthor_uid=26643221
https://www.ncbi.nlm.nih.gov/pubmed/?term=Maenosono%20RM%5BAuthor%5D&cauthor=true&cauthor_uid=26643221
https://www.ncbi.nlm.nih.gov/pubmed/?term=Duarte%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=26643221
https://www.ncbi.nlm.nih.gov/pubmed/?term=Furuse%20AY%5BAuthor%5D&cauthor=true&cauthor_uid=26643221
https://www.ncbi.nlm.nih.gov/pubmed/?term=Palma-Dibb%20RG%5BAuthor%5D&cauthor=true&cauthor_uid=26643221
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ishikiriama%20SK%5BAuthor%5D&cauthor=true&cauthor_uid=26643221
https://www.ncbi.nlm.nih.gov/pubmed/26643221
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hashim%20NT%5BAuthor%5D&cauthor=true&cauthor_uid=24411005
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gasmalla%20BG%5BAuthor%5D&cauthor=true&cauthor_uid=24411005
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sabahelkheir%20AH%5BAuthor%5D&cauthor=true&cauthor_uid=24411005
https://www.ncbi.nlm.nih.gov/pubmed/?term=Awooda%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=24411005
https://www.ncbi.nlm.nih.gov/pubmed/24411005

26.

27.

28.

29.

30.

31.

High- and Low-intensity Lasers on Dentin Hypersensitivity 55

Stabholz A, Khayat A, Ravanshad S.H, McCarthy D.W,
Neev J, Torabinejad M. Effects of Nd:YAG laser on apical
seal of teeth after apicoectomy and retrofill. J Endod.
1992;18(8):371-5.

Gholami GA, Fekrazad R, Esmaiel-Nejad A, Kalhori KA. An
evaluation of the occluding effects of Er;Cr:YSGG,
Nd:YAG, CO, and diode lasers on dentinal tubules: a scan-
ning electron microscope in vitro study. Photomed Laser
Surg. 2011;29(2):115-21. DOI: 10.1089/ph0.2009.2628.
Lan WH, Liu HC. Treatment of dentin hypersensitivity by
Nd:YAG laser. J Clin Laser Med Surg. 1996;14(2):89-92.
DOI:10.1089/cIm.1996.14.89.

Glauche CE, de Freitas PM, Vieira ND Jr, Marques JL. Qual-
itative microanalysis of ions and ultrastructural changes in
dentin exposed to laser irradiation and to metal salts solution.
Lasers Surg Med. 2005;36(4):334-9.
DOI:10.1002/1sm.20153

Whitters CJ, Hall A, Creanor SL, Moseley H, Gilmour WH,
Strang R, Saunders WP, Orchardson R. A clinical study of
pulsed Nd: YAG laser-induced pulpal analgesia. J Dent.
1995;23(3):145-50.

Botzenhart UU, Braun A, Van Bethem H, Frentzen M.
(2006). Effect of diode-laser (809 nm) in the treatment of
dental hypersensitivity-an in vitro study. Abstract presented
at the 10" meeting of ISLD & 25" annual congress of DGB.
Berlin, Germany.

32.

33.

34.

35.

36.

37.

38.

Umana M, Heysselaer D, Tielemans M, Compere P, Zeinoun
T, Nammour S. Dentinal tubules sealing by means of diode
lasers (810 and 980 nm): a preliminary in vitro study. Pho-
tomed Laser Surg. 2013;31(7):307-14.
DOI:10.1089/ph0.2012.3443.

Goharkhay K, Wernisch J, Schoop U, Moritz A. Laser treat-
ment of hypersensitive dentin: comparative ESEM investiga-
tions. J Oral Laser Applications. 2007;7:211-23.

Schwarz F, Arweiler N, Georg T, Reich E. Desensitizing ef-
fects of an Er:YAG laser on hypersensitive dentine. J Clin
Periodontol. 2002;29(3):211-5.

Ciaramicoli MT, Carvalho RC, Eduardo CP. Treatment of
cervical dentin hypersensitivity using neodymium: Yttrium-
aluminum-garnet laser. Clinical evaluation. Lasers Surg
Med. 2003;33(5):358-62. DOI:10.1002/1sm.10232
Gutknecht N, Moritz A, Dercks HW, Lampert F. Treatment
of hypersensitive teeth using neodymium:yttrium-aluminum-
garnet lasers: a comparison of the use of various settings in
an in vivo study. J Clin Laser Med Surg. 1997;15(4):171-4.
DOI:10.1089/cIm.1997.15.171

Senda A, Gomi A, Tani T, Yoshino H, Hara G. A clinical
study on "soft laser 632", a He-Ne low energy medical laser.
1: Pain relief immediately after irradiation. Aichi Gakuin
Daigaku Shigakkai Shi. 1985;23(4):773-80.

Matsumoto K, Tomonari H, Wakabayashi H. Study on the
treatment of hypersensitive dentine by laser. J Conserv Dent.
1985;28:1366-71.

JODDD, Vol. 12, No. 1 Winter 2018


http://www.ncbi.nlm.nih.gov/pubmed?term=Stabholz%20A%5BAuthor%5D&cauthor=true&cauthor_uid=1431691
http://www.ncbi.nlm.nih.gov/pubmed?term=Khayat%20A%5BAuthor%5D&cauthor=true&cauthor_uid=1431691
http://www.ncbi.nlm.nih.gov/pubmed?term=Ravanshad%20SH%5BAuthor%5D&cauthor=true&cauthor_uid=1431691
http://www.ncbi.nlm.nih.gov/pubmed?term=McCarthy%20DW%5BAuthor%5D&cauthor=true&cauthor_uid=1431691
http://www.ncbi.nlm.nih.gov/pubmed?term=Neev%20J%5BAuthor%5D&cauthor=true&cauthor_uid=1431691
http://www.ncbi.nlm.nih.gov/pubmed?term=Torabinejad%20M%5BAuthor%5D&cauthor=true&cauthor_uid=1431691
http://www.ncbi.nlm.nih.gov/pubmed/1431691
http://www.ncbi.nlm.nih.gov/pubmed?term=Gholami%20GA%5BAuthor%5D&cauthor=true&cauthor_uid=21288081
http://www.ncbi.nlm.nih.gov/pubmed?term=Fekrazad%20R%5BAuthor%5D&cauthor=true&cauthor_uid=21288081
http://www.ncbi.nlm.nih.gov/pubmed?term=Esmaiel-Nejad%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21288081
http://www.ncbi.nlm.nih.gov/pubmed?term=Kalhori%20KA%5BAuthor%5D&cauthor=true&cauthor_uid=21288081
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gholami%2C+fekrazad
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gholami%2C+fekrazad
http://www.ncbi.nlm.nih.gov/pubmed?term=Lan%20WH%5BAuthor%5D&cauthor=true&cauthor_uid=9484082
http://www.ncbi.nlm.nih.gov/pubmed?term=Liu%20HC%5BAuthor%5D&cauthor=true&cauthor_uid=9484082
http://www.ncbi.nlm.nih.gov/pubmed/9484082
https://doi.org/10.1089/clm.1996.14.89
http://www.ncbi.nlm.nih.gov/pubmed?term=Glauche%20CE%5BAuthor%5D&cauthor=true&cauthor_uid=15786483
http://www.ncbi.nlm.nih.gov/pubmed?term=de%20Freitas%20PM%5BAuthor%5D&cauthor=true&cauthor_uid=15786483
http://www.ncbi.nlm.nih.gov/pubmed?term=Vieira%20ND%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=15786483
http://www.ncbi.nlm.nih.gov/pubmed?term=Marques%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=15786483
http://www.ncbi.nlm.nih.gov/pubmed/?term=Qualitative+microanalysis+of+ions+and+ultrastructural+changes+2005
https://doi.org/10.1002/lsm.20153
http://www.ncbi.nlm.nih.gov/pubmed?term=Whitters%20CJ%5BAuthor%5D&cauthor=true&cauthor_uid=7782525
http://www.ncbi.nlm.nih.gov/pubmed?term=Hall%20A%5BAuthor%5D&cauthor=true&cauthor_uid=7782525
http://www.ncbi.nlm.nih.gov/pubmed?term=Creanor%20SL%5BAuthor%5D&cauthor=true&cauthor_uid=7782525
http://www.ncbi.nlm.nih.gov/pubmed?term=Moseley%20H%5BAuthor%5D&cauthor=true&cauthor_uid=7782525
http://www.ncbi.nlm.nih.gov/pubmed?term=Gilmour%20WH%5BAuthor%5D&cauthor=true&cauthor_uid=7782525
http://www.ncbi.nlm.nih.gov/pubmed?term=Strang%20R%5BAuthor%5D&cauthor=true&cauthor_uid=7782525
http://www.ncbi.nlm.nih.gov/pubmed?term=Saunders%20WP%5BAuthor%5D&cauthor=true&cauthor_uid=7782525
http://www.ncbi.nlm.nih.gov/pubmed?term=Orchardson%20R%5BAuthor%5D&cauthor=true&cauthor_uid=7782525
http://www.ncbi.nlm.nih.gov/pubmed/7782525
https://www.ncbi.nlm.nih.gov/pubmed/?term=Umana%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23756100
https://www.ncbi.nlm.nih.gov/pubmed/?term=Heysselaer%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23756100
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tielemans%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23756100
https://www.ncbi.nlm.nih.gov/pubmed/?term=Compere%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23756100
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zeinoun%20T%5BAuthor%5D&cauthor=true&cauthor_uid=23756100
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zeinoun%20T%5BAuthor%5D&cauthor=true&cauthor_uid=23756100
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nammour%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23756100
https://www.ncbi.nlm.nih.gov/pubmed/23756100
https://www.ncbi.nlm.nih.gov/pubmed/23756100
http://www.ncbi.nlm.nih.gov/pubmed?term=Schwarz%20F%5BAuthor%5D&cauthor=true&cauthor_uid=11940139
http://www.ncbi.nlm.nih.gov/pubmed?term=Arweiler%20N%5BAuthor%5D&cauthor=true&cauthor_uid=11940139
http://www.ncbi.nlm.nih.gov/pubmed?term=Georg%20T%5BAuthor%5D&cauthor=true&cauthor_uid=11940139
http://www.ncbi.nlm.nih.gov/pubmed?term=Reich%20E%5BAuthor%5D&cauthor=true&cauthor_uid=11940139
http://www.ncbi.nlm.nih.gov/pubmed/?term=Schwarz%2C+desensitizing
http://www.ncbi.nlm.nih.gov/pubmed/?term=Schwarz%2C+desensitizing
http://www.ncbi.nlm.nih.gov/pubmed?term=Ciaramicoli%20MT%5BAuthor%5D&cauthor=true&cauthor_uid=14677164
http://www.ncbi.nlm.nih.gov/pubmed?term=Carvalho%20RC%5BAuthor%5D&cauthor=true&cauthor_uid=14677164
http://www.ncbi.nlm.nih.gov/pubmed?term=Eduardo%20CP%5BAuthor%5D&cauthor=true&cauthor_uid=14677164
http://www.ncbi.nlm.nih.gov/pubmed/14677164
http://www.ncbi.nlm.nih.gov/pubmed/14677164
https://doi.org/10.1002/lsm.10232
http://www.ncbi.nlm.nih.gov/pubmed?term=Gutknecht%20N%5BAuthor%5D&cauthor=true&cauthor_uid=9612165
http://www.ncbi.nlm.nih.gov/pubmed?term=Moritz%20A%5BAuthor%5D&cauthor=true&cauthor_uid=9612165
http://www.ncbi.nlm.nih.gov/pubmed?term=Dercks%20HW%5BAuthor%5D&cauthor=true&cauthor_uid=9612165
http://www.ncbi.nlm.nih.gov/pubmed?term=Lampert%20F%5BAuthor%5D&cauthor=true&cauthor_uid=9612165
http://www.ncbi.nlm.nih.gov/pubmed/9612165
https://doi.org/10.1089/clm.1997.15.171
http://www.ncbi.nlm.nih.gov/pubmed?term=Senda%20A%5BAuthor%5D&cauthor=true&cauthor_uid=3869787
http://www.ncbi.nlm.nih.gov/pubmed?term=Gomi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=3869787
http://www.ncbi.nlm.nih.gov/pubmed?term=Tani%20T%5BAuthor%5D&cauthor=true&cauthor_uid=3869787
http://www.ncbi.nlm.nih.gov/pubmed?term=Yoshino%20H%5BAuthor%5D&cauthor=true&cauthor_uid=3869787
http://www.ncbi.nlm.nih.gov/pubmed?term=Hara%20G%5BAuthor%5D&cauthor=true&cauthor_uid=3869787
http://www.ncbi.nlm.nih.gov/pubmed/3869787
http://www.ncbi.nlm.nih.gov/pubmed/3869787

