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Hypersensitive Teeth: Conventional vs Laser
Treatment.
Part II: Laser Treatment of Dentin
Hypersensitivity
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ABSTRACT: Dentin hypersensitivity is a painful response to a non-noxious stimulus applied to exposed dentin.
Two processes may expose dentin: loss of enamel and/or loss of cementum. Loss of enamel occurs by attrition
associated with occlusal function, by abrasion from dietary components or incorrect toothbrushing, or by erosion
associated with environmental or dietary components, particularly acids. Exposure of root dentin is also multifactorial. Periodontal disease with gingival recession, some forms of periodontal surgery, and overzealous brushing
are important etiological factors that expose root dentin. In addition, in some individuals the cementum and
enamel do not meet, exposing an area of dentin.
The management of this condition requires a good understanding of the complexity of the problem as well as the
variety of treatments available. Some authors report that lasers may provide reliable and reproducible treatment
of dentin hypersensitivity. One concern for laser safety is that the heat produced at the irradiated root surface
may diffuse to the pulp, causing irreversible pulpal damage. The protocols advocated today for laser-assisted treatment of hypersensitivity appear to be safe and effective.
Keywords: dentin hypersensitivity, laser treatment, low-output lasers, middle-output lasers, pulpal damage, treatment effectiveness.
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entin hypersensitivity may be defined as pain arising from exposed dentin, typically in response to
chemical, thermal, tactile, or osmotic stimuli, which
cannot be explained as arising from any other form of
dental defect or pathology.1-4 Dentin hypersensitivity
seems to be a common problem, with various reports
indicating an incidence between 8% and 57% of the
population.5-7 According to Bartold,8 the most commonly affected teeth are the maxillary premolars, and
the most frequent initiating factor is cold drinks.
Treatments for dentin hypersensitivity are numerous,9-16 but to date, no single agent or form of treat-
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ment has been found effective for all patients. Grossman17 suggested that the ideal desensitizer should be
(1) not unduly irritating to the pulp, (2) painless when
applied, (3) easy to apply, (4) consistently effective, (5)
permanently effective, (6) quick acting, and (7) should
not cause tooth discoloration. Some authors report
that lasers can provide reliable and reproducible treatment of this condition. Since the ruby laser was developed by Maiman,18 researchers have investigated laser
applications in dentistry.
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With the advent of laser technology and its growing
utilization in dentistry, an additional therapeutic option
is available for the treatment of dentinal pain.19,20 The
laser is a device which transforms light of various frequencies into chromatic radiation in the visible, infrared, or ultraviolet ranges with all the waves in phase,
capable of mobilizing immense heat and power when
focused at close range.21,22 The word “LASER” is an
acronym derived from Light Amplification by the Stimulated Emission of Radiation. The laser, interacting with
the tissue, can cause different tissue reactions according to its wavelength, power, and the optical properties
of the tissue. The wavelength is arguably the most important determinant in how light affects the tissue.23
Wavelength is defined as the distance between adjacent peaks of an electromagnetic or light wave.
In reality, lasers are not new in dentistry. Some of
the first reports of their use date to the late 1960s.
Stern and Sognnaes24 were the first to investigate the
effects of the ruby laser on the dental hard tissues.
They reported that craters in enamel could be produced under the parameters used, and much larger
craters in dentin. Gordon25 recorded a bright plume
ejected from the impact area, which consisted of vaporized dental tissue. It was concluded that care must
be taken to protect adjacent or even distant tissues.
Other investigations26 on the use of the ruby laser in
extracted teeth revealed a degree of destruction in the
cavities in the dentin formed by the laser probe. Melting drops and spheres were apparent, which sometimes had the appearance of burst shells.
Heat generated by tissue absorption of laser energy,
not the light itself, vaporizes the tissue. One of the factors that influence the effect of this thermal energy is
the type of tissue that is irradiated.23 Teeth are markedly heterogeneous structures, and the thermal properties of the components in each tissue differ. Enamel
has a higher thermal conductivity than dentin, with a
mean value of 2.23 x 10-3 cal/s/cm2/°C/cm. It seems
that tubule direction does not influence the thermal
conductivity of dentin. However, an actual variation exists from one tooth to another, and variations are possible in sample preparation. 27 Braden 28 found good
conformity between the experiment and the mathematical theory of heat conduction. Since the temperature changes in dental tissues are rather transient, the
thermal diffusity (thermal conductivity/specific heat x
density) is more relevant in establishing the protection
of the dental tissues from a thermal shock. 29 Later
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change in temperature, the enamel tends to reach the
new temperature much more rapidly than the dentin,30
and the reaction temperatures are inversely proportional to the enamel density.31
Laser studies intend to find the correct parameters
to produce the desirable result with the least side effects. Today, two general classes of laser exist for medical and dental applications. The low output or “soft”
lasers, which are a source of cold (athermic) low energy thought to stimulate cellular activity, and the middle output or “hard” (thermic) lasers utilized in
surgery to cut, coagulate, and vaporize.32-34

LOW-OUTPUT LASERS
The use of low-output lasers was primarily recommended for the relief of pain, directly or at an acupuncture point, and in the regeneration of soft and hard
tissue.35 The stimulation of wound healing in rats after
irradiation with He-Ne laser is supported by several
studies.36,37 It also seems that low-energy lasers accelerate bone healing.38,39 The stimulation of dentinogenesis is also possible after low-output laser irradiation,
and the formation of a dentin bridge and calcified particles can maintain the vitality of the pulp.40 An interesting application of low-energy lasers would be in the
prevention of periodontal disease, as the dental plaque
deposition in hamsters was controlled after He-Ne
laser irradiation.41 Moreover, in recent years, there has
been increasing interest in hard tissue applications of
low-output lasers.42 The low-output lasers are chosen
for the treatment of mild cervical dentin hypersensitivity. Nevertheless, the middle-output power lasers still
show the best results in the treatment of severe cases
of dentin hypersensitivity.43

He-Ne Laser
Table 1 shows the laser parameters used for the HeNe laser (632.8 nm), and their treatment effectiveness.
Gelskey et al44 reported that He-Ne lasing reduced
dentin hypersensitivity to air by 63% and to mechanical
stimulation by 61% over a 3-month period. The combined use of He-Ne and Nd:YAG laser treatment gave
similar results.
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6 mW, 5 Hz or cw for 2-3 min

84%

6 mW, 5 Hz for 1-3 min

90%

6 mW, 5 Hz, for 3 min

100%

6 mW, 5 Hz, for 3 min

90%

6mW, 5 Hz, 2.5 min
6 mW, cw for 0.5-3 min

No advantage over conventional
treatment
90%

6 mW, cw for 5 min

55%

(He:Ne + Nd:YAG),
30-100 mJ/p at 10 pps

Effective by 63% to air stimulus
and by 61% to mechanical
stimulus when He:Ne laser was
used alone
Little or no effect on ferret in
tradental nerve excitability

He-Ne laser alone /He-Ne +
Nd:YAG (0.3 W, 30-150 mJ/
p, 10-30 pps)

fo r

Senda et al (1985)
in vivo study §
Matsumoto et al (1986)
in vivo study §
Gomi et al (1986)
in vivo study §
Kanamura et al (1986)
in vivo study §
Wilder-Smith (1988)45
in vivo study
Matsumoto et al(1988),
in vivo study §
Mezawa et al (1992)
in vivo study §
Gelskey et al (1993),44
(He:Ne laser alone and
He:Ne + Nd:YAG laser),
in vivo study
Orchardson and
Whitters (2000),46
in vivo study
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Table 1 Laser parameters and treatment effectiveness of He-Ne laser (wavelength
632.8 nm)
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§: Articles in Japanese. Reprinted from Matsumoto K. and Kimura Y.43 Laser therapy of dentin hypersensitivity. J Oral Laser
Applic 2007;7:7-25.

A study conducted by Wilder-Smith,45 on the other
hand, has shown no advantage of the use of He-Ne
laser over the conventional methods in treating this
condition. The results of the study by Orchardson and
Whitters46 support this conclusion. They found that irradiation with a He-Ne laser alone or with the Nd:YAG
laser at 0.3 W power produced no discernible effects
on intradental nerve response when dentin was mechanically stimulated.

GaAlAs Laser
The wavelengths of GaAlAs lasers that are used for the
treatment of dentin hypersensitivity are between 660
and 900 nm. Table 2 shows the laser parameters used
for the GaAlAs laser at 660 nm and their treatment effectiveness. In a clinical evaluation of GaAlAs laser therapy and fluoride varnish, both treatments were found
to be effective, with the GaAlAs laser showing better
results in the treatment of severe cases of dentin hypersensitivity.47 When the effectiveness of two types of
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GaAlAs lasers with 660 nm wavelength (red spectrum)
and 830 nm wavelength (infrared spectrum) was compared, greater therapeutic effects were observed with
the 660-nm laser.48 Additionally, a study evaluated the
effectiveness of the maximum (5 J/cm2) and minimum
(3 J/cm2) energies of the GaAlAs laser 670-nm wavelength in alleviating dentin hypersensitivity. The treatment was effective immediately and after a follow-up
of 60 days, with no significant difference between
the maximum and minimum applied energies (Table
3).49
Alleviation of symptoms of dentin hypersensitivity
was obvious after GaAlAs laser treatment with a wavelength of 830 nm, and there were no adverse reactions
reported. 50 The combined use of the GaAlAs laser
with fluoridation enhances the treatment effectiveness by more than 20% over that of laser treatment
alone.51 In another study, the desensitizing efficacy of
the GaAlAs laser and the dentin bonding agent Scotchbond (3M; St Paul, MN, USA) were evaluated. It was
concluded that the dentin bonding agent performed
better in treating dentin hypersensitivity. However,
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Corona et al (2003),47
in vivo study
Ladalardo et al (2004),48
in vivo study

15 mW, cw for 10 s
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Irradiation parametes
Effectiveness
Both fluoride varnish and GaAlas laser
were effective.
The 660nm GaAlAs laser was more
effective than the 830 nm.

35 mW, cw for 114 s

Table 3 Laser parameters and treatment effectiveness of GaAlAs laser (wavelength
670 nm)
Investigators

Irradiation parameters

Effectiveness

Marsilio et al (2003),49
in vivo study

15 mW, 3 J/cm2 for
1 min and 54 sec
(maximum 6 times)
15 mW, 5 J/cm2 for 3 min
and 10 s
(maximum 6 times)

86.53% effectiveness when 3 J/cm2 energy
was applied
88.88% effectiveness
when 5 J/cm2 energy was applied

Table 4 Laser parameters and treatment effectiveness of GaAlAs laser (wavelength
780 nm)
Investigators

Irradiation parameters

Effectiveness

Matsumoto et al (1985),
in vivo study §
Matsumoto et al (1985),
in vivo study §
Ebihara et al (1988),
in vivo study §
Furuoka et al (1988),
in vivo study §
Kawakami et al (1989),
in vivo study §
Sato et al (1989),
in vivo study §
Hoji (1990),
in vivo study §

30 mW, cw for 0.5 -2.5 min

100%

30 mW, cw for 0.5 -3 min

85%

30 mW, cw for 1 -2 min

58.5%

30 mW, cw for 0.5 -3 min

92%

30 mW, cw for 0.5 -3 min

95%

30 mW, cw for 0.5 -3 min

88.8%

30 mW, cw for 0.5 -3 min

83.6%

§: Articles in Japanese. Reprinted from Matsumoto K and Kimura Y.43 Laser therapy of dentin hypersensitivity. J Oral Laser
Applic 2007;7:7-25.

both were considered effective over an evaluation period of 30 days.52
The mechanism by which low-output lasers exert
their effect appears to be the stimulation of the

78

Na+/K+ pump in cell membranes. Stimulation of the
pump hyperpolarizes the membrane, thus increasing
the nerve-firing and pain threshold.50 It is also likely
that the low-output lasers block the depolarization of
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Yamaguchi et al (1990),
in vivo study §
Kumazaki et al (1989),
in vivo study §
Tengrungsun and
Sangkla (2008),52
in vivo study

30 mW, cw for 1 min

60%

30 mW, cw for 3 min

69.2%

30 mW, cw for 1 min

Effective but rate unknown.
When compared with the
dentin bonding agent (Scotchbond), the bonding agent
performed better.
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Table 5 Laser parameters and treatment effectiveness of GaAlAs laser (wavelength
lica
790 nm)
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Irradiation parameters
Effectiveness

§: Articles in Japanese. Reprinted from Matsumoto K and Kimura Y.43 Laser therapy of dentin hypersensitivity. J Oral Laser Applic 2007;7:7-25.

Table 6 Laser parameters and treatment effectiveness of GaAlAs laser (wavelength
830 nm)
Investigators

Irradiation parameters

Effectiveness

Matsumoto et al (1990),
in vivo study §
Setoguchi et al (1990),
in vivo study §
Hamachi et al (1992),
in vivo study §
Wakabayashi et al (1992a),
in vivo study §
Mezawa et al (1992),
in vivo study §
Tachibana et al (1992),
in vivo study §
Tachibana et al (1992),
in vivo study §
Gerschman et al (1994),50
in vivo study
Liu and Lan (1994),51
in vivo study
Ladalardo et al (2004),48
in vivo study

60 mW, cw for 0.5-3 min

100%

30 mW, cw for 1 min

85%

40 mW, cw for 0.5-3 min

83.9%

40 mW, cw for 0.5-3 min

97%

30 mW, cw for 5 min

58%

40 mW, cw for 0.5-3 min

92.5%

20 mW, cw for 0.5-3 min

30%

30 mW, cw for 1 min

65% for tactile sensitivity,
67%, for thermal sensitivity
70-88%

40-100 mW, cw for 15-60 sec
35 mW, cw for 114 sec

Effective but the rate
is unknown.

§: Articles in Japanese. Reprinted from Matsumoto K and Kimura Y.43 Laser therapy of dentin hypersensitivity. J Oral Laser Applic 2007;7:7-25.

C-fiber afferents in the dental pulp,41 but they do not
suppress Aδ-fiber afferents.53

Excimer Lasers
Stabholz et al54-56 studied the effects of excimer lasers
on human dentinal tubules (Table 8). It was demon-
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Iida et al (1993),
in vivo study §

2.4 mW, 1.2 kHz for 2.5 min
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Table 7 Laser parameters and treatment effectiveness of GaAlAs laser (wavelength
ub
lica
900 nm)
tio
n
te
Investigators
Irradiation parameters
Effectiveness
ss e n c e
73.3-100%

§: Article in Japanese. Reprinted from Matsumoto K and Kimura Y.43 Laser therapy of dentin hypersensitivity. J Oral Laser Applic
2007;7:7-25.

Table 8 Laser parameters and treatment effectiveness of Excimer lasers (XeCl, wavelength 308 nm; ArF, wavelength 193 nm)
Investigators

Irradiation parameters

Effectiveness

Stabholz et al (1993),54
in vitro study

XeCl, 0.5 J/cm2-7 J/cm2, 25 Hz, 4 s

Stabholz et al (1995),55
in vitro study
Stabholz et al (1993),56
in vitro study

XeCl, 0.7 J/cm2, 25 Hz, 4 s

At fluences of up to 1 J/cm2:
melted dentin which closed the
dentinal tubules.
Decreased dentin permeability

ArF, 0.2-15 J/cm2, 25 Hz, 5 s

strated that the application of a XeCl excimer laser at
fluences not exceeding 1 J/cm 2 caused melting of
dentin and closure of dentinal tubules. 54 In a later
study under similar conditions, the dentinal tubules of
irradiated dentin showed less dye penetration than the
nonlased dentin.55 Laser-treated areas also appeared
smoother, and the dentinal smear layer was melted and
resolidified after the use of the ArF-193 nm at a fluence of 5 J/cm2.56

MIDDLE-OUTPUT LASERS
Erbium lasers
The energy of the Er:YAG laser (2640 nm), being
highly absorbed in water and less in hydroxyapatite,33,34,57,58 appears to be both effective and safe for
the treatment of dental hard tissues without significant
thermal effects.59-62 The energy settings used for the
treatment of dentin hypersensitivity are lower than the
ablation thresholds of dental hard tissues, and it is believed that Er:YAG laser light evaporates the superficial
layers of the dentinal fluid, producing a decrease of the
rate flow.63
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At fluences ≥ 5 J/cm2:
sealing of the dentinal tubules.
At 15 J/cm2: melted dentin with
large cracks.

Few published studies are available concerning the
desensitizing treatment with the Er:YAG laser (Table
9). Schwarz et al63 compared the effects of the Er:YAG
laser (80 mJ/p, 3 Hz) to Dentin Protector desensitizing agent (Vivadent; Schaan, Liechtenstein) in the treatment of hypersensitive dentin. Both treatments were
effective in reducing the symptoms of dentin hypersensitivity, and the positive results of the Er:YAG laser
were maintained after 6 months. A preliminary study
also showed that the Er:YAG laser, when used with energy settings lower than the ablation threshold of dental hard tissues, decreased dentin permeability due to
partial occlusion of the dentinal tubules, and consequently decreased dentin hypersensitivity. 64 Other
studies also support the tubule-occluding effect of the
Er:YAG and the Er,Cr:YSGG lasers and the reduction in
dentin permeability.65,66
In a comparative evaluation of the effects of Er:YAG
and Nd:YAG lasers, both seemed to produce occlusion
of the dentinal tubules.67 According to this study, the
Nd:YAG laser at 1 W power was more effective than
the Nd:YAG at 0.5 W or Er:YAG at 0.3 W in occluding
the tubules. When the performance of the Er:YAG and
Nd:YAG lasers was evaluated in vivo, it was demonstrated that both had an acceptable therapeutic result
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Schwarz et al (2002),63
in vivo study

80 mJ/p, 3 Hz for 2 min

Birang et al (2007),68
in vivo study
Ipci et al (2009),70
used in vivo study

100 mJ/p, 3 Hz for 60 s, 2 times
60 mJ/p, 30 Hz for 10 s

which was present for at least 6 months, although the
Nd:YAG laser proved to be more effective in alleviating
symptoms of hypersensitivity.68
In the literature, there are few studies of the Er:YAG
laser plus fluoride application for the treatment of
dentin hypersensitivity. In an in vitro study,69 the combined use of Er:YAG laser and NaF application to the
dentin surface was evaluated, demonstrating that the
dentinal tubules were more markedly occluded than
when the Er:YAG laser was used alone. However, in a
clinical study by Ipci et al,70 the combination of Er:YAG
laser and NaF gel did not show significantly greater effectiveness compared to the Er:YAG laser used alone.
Both treatment modalities proved effective in treating
hypersensitivity immediately and after a follow-up period of 6 months.70

Nd:YAG laser
Renton-Harper and Midda71 studied the effects of the
Nd:YAG laser (1064 nm) for the treatment of cervical
hypersensitivite dentin in periodontal patients. The response to cold stimuli was reduced, but long-term efficacy was not demonstrated. When in a randomized,
double-blind study, the effectiveness of a He-Ne laser
treatment and a He-Ne plus Nd:YAG laser treatment
was compared, both were found to be effective to an
equal degree for a period of 3 months.44 Similar results were obtained from the study by Lan and Liu,72
where a 65% reduction in dentin hypersensitivity was
found over a period of 3 months when the teeth were
exposed to air, and a 72% reduction when a mechanical stimulus was applied. Table 10 gives an overview of
the clinical studies that evaluated the effectiveness of
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Table 9 Laser parameters and treatment effectiveness of Er:YAG laser (wavelength
ub
lica
2640 nm)
tio
n
te
Investigators
Irradiation parameters
Effectiveness
ss e n c e
Effective and more prolonged
positive results when compared
with Dentin Protector but rate
is unknown.
Effective but rate is unknown.
57-59% when Er:YAG laser
alone
55-61% when Er:YAG laser used
in combination with NaF gel

Nd:YAG laser in the treatment of dentin hypersensitivity.
When the effectiveness of the use of three different
settings (0.3 W, 0.6 W, 1 W) of the Nd:YAG laser on
exposed dentin was examined, no significant difference
could be found, and it was proposed that laser irradiation can be effective even at very low settings.73 The
use of black ink as dye enhancement was proposed to
improve the effectiveness of the treatment of dental
hypersensitivity.74 Chromophore dyes can be employed
to increase the energy absorption, and therefore the
therapeutic effect of laser can be achieved at lower settings.75,76
In a study by Lier et al,77 no statistically significant
difference was found between laser treated and nontreated areas. It was suggested that a strong placebo
effect may be present in trials of dentin hypersensitivity. The effects, however, persisted for 4 months.
Long-term effectiveness of up to 6 months was also
demonstrated in another study, which pointed out that
the reduction of cervical dentinal hypersensitivity was
statistically greater when the etiological factors were
removed prior to treatment.78
In vitro studies were also conducted in order to
identify the parameters sufficient to produce visible
changes to the dentin surface, which are lower than
those used for ablation, with the least side effects to
the adjacent tissues. The physical modification threshold of dentin, which is defined as the first interaction
that occurs causing an observable change in dentin,
was identified after the use of Nd:YAG and Ho:YAG
lasers.79 It was concluded that the family of YAG lasers
can produce partial closure of the dentin tubules without thermal side effects on the adjacent tissues. In a
similar study, treatment of dentin at threshold illumi-
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Matsumoto et al (1985),
in vivo study §
Renton-Harper and
Midda (1992),71
in vivo study
Gelskey et al (1993)44
(He:Ne + Nd:YAG laser),
in vivo study
Lan and Liu (1996),72
in vivo study
Kawada et al (1996),
in vivo study §
Gutknecht et al (1997),73
in vivo study
Yonaga et al (1999),74
in vivo study
Kobayashi et al (1999),
in vivo study §
Lier et al (2002),77
in vivo study
Ciaramicoli et al (2003),78
in vivo study

Birang et al (2007),68
in vivo study

10 W, for 0.1 s, 5 times

100%

100 mJ/p, 10 Hz for 2 min

2 W for 1 s, 20 times

100 % effectiveness and
at 14-day recall the greatest
desensitizing effect
Effective by 58% to air
stimulus and by 61% to
mechanical stimulus
Effective by 65% to air
stimulus and by 72% to mechanical stimulus
4.8-85.7%

0.3-1 W, 10 Hz for 30-90 s

83-93%

2 W, 20 Hz, for 0.5-60 s, black ink

75.5-95.6%

1.5 W, 15 Hz for 1 min

51.5-95.8%

30 s without a coolant, then
90 s with water as a coolant
40 mJ, 25 Hz, 1W, 30 s

No significant difference
between test and control group
Effective but statistically greater
reduction of hypersensitivity
when etiologic factors were
removed prior to treatment.
Both lasers were effective,
but rate is unknown. Nd:YAG
laser performed better than
Er:YAG laser.

Nd:YAG: 30-100 mJ/p, 10 Hz, He:Ne

30 mJ, 10 Hz, for 2 min

Nd:YAG: 1W, 15 Hz for 60 s, 2 times
Er:YAG: 100 mJ/p, 3 Hz for 60 s,
2 times
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Table 10 Laser parameters and treatment effectiveness of pulsed Nd:YAG laser (waveub
lica
length 1064 nm)
tio
n
te
Investigators
Irradiation parameters
Effectiveness
ss e n c e

§: Articles in Japanese. Reprinted from Matsumoto K and Kimura Y.43 Laser therapy of dentin hypersensitivity. J Oral Laser
Applic 2007;7:7-25.

nance with Nd:YAG and Ho:YAG lasers created a recrystallized surface layer that was not, however, totally impermeable due to the presence of cracks and
voids.80 The study by Marin et al81 indicated that at
0.50 W and 10 Hz with an exposure time of 15 s, a
closing of the tubule orifices was obtained without any
thermal damage to the pulp. Moreover, the penetration depth of the Nd:YAG laser in dentin varied from 1
to 7 mm, using 30 and 40 mJ energy levels, respectively.82
Other investigations intended to measure the dentin
permeability and the morphological changes on the
dentin surface produced by laser energy. According to
the hydrodynamic theory of dentin hypersensitivity,
anything which can decrease dentin permeability
should result in a decrease in dentin hypersensitivity.

82

White et al83 determined the hydraulic conductance,
which is defined as the permeability of dentin and is a
measurement of the fluid flow from the pulp through
the dentinal tubules. They found a trend toward decreased hydraulic conductance at the higher power levels of Nd:YAG laser irradiation. However, scanning
electron micrographs showed partially occluded dentinal tubules.
Permeability measurements were also carried out in
the study by Schaller et al. 84 Analysis of the data
showed a significant influence of the Nd:YAG laser
treatment on the permeability of dentin, since the
tubules were partially occluded, although the presence
of craters and inconsistently lased areas questioned the
feasibility of the treatment. The sealing depth of
Nd:YAG laser on human dentinal tubules at an energy
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30 mJ, 10 pps, 2 min (+ sodium
fluoride varnish)
30 mJ, 10 pps, 2 min (+ 5% sodium
fluoride varnish)

90% effectiveness (occlusion
of the dentinal tubules)
An impressive efficacy when
compared with either
treatment alone
Occlusion of the dentinal
tubules

Hsu et al (2006),92
vitro study

30 Hz, 160 mJ/p (G- mode)
and 30 Hz, 330 mJ/p (G+mode),
(+ bioglass)
33 mJ, 50 pps for 2 min

of 30 mJ/p with 10 pp/s was found to be ∼4 μm in the
center and 3 μm at the margin of the lased surfaces.85
The same authors evaluated the morphological changes
of hypersensitive dentin after Nd:YAG laser irradiation;
the absence of protrusive rods in the dentin surface
was interpreted as sealing of the tubules.86 They also
suggested that the irradiation energy of Nd:YAG laser
can be used at different parameters to fuse a low-melting-point bioactive glass for repairing root fractures.87
Morphological changes of the dentin surface with
occluded dentinal tubules were also observed in a
study by Naylor et al.88 When the occluding effect of
Nd:YAG laser and Sensodyne toothpaste (active ingredient strontium choride) were compared, both treatments reduced dye penetration through exposed
dentinal tubules. However, the occluding effect of
Nd:YAG laser occurred immediately, whereas treatment with Sensodyne toothpaste produced positive results after at least 3 weeks.
Some studies tried to evaluate the combined occluding effect of Nd:YAG laser with various desensitizing
agents (Table 11). The application of sodium fluoride
varnish with Nd:YAG laser occluded > 90% of exposed
dentinal tubule orifices90 and had a greater efficacy
when compared with either treatment alone.91,92 Laser
irradiation can also melt a highly biocompatible material, such as bioglass, to achieve a greater sealing effect
of the dentinal tubules.93 Moreover, fluoride application was found to be effective in increasing the resistance of bovine dentin to erosion, whereas laser
irradiation alone was unable to increase the dentin’s resistance to erosive losses.94
Based on the described results, it seems that pulsed
Nd:YAG laser irradiation can be effective in treating hypersensitive dentin. Next to the laser-induced occlusion
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Table 11 Laser parameters and treatment effectiveness of Nd:YAG laser combined
with desensitizing agents
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Occlusion of the dentinal
tubules

or narrowing of the tubules, a direct nerve analgesia
has been suggested as the desensitizing effect. It has
been hypothesized that the laser energy interferes with
the sodium pump mechanism, changes the cell membrane permeability and/or temporarily alters the endings of the sensory axons.95 In the case of low-energy
Nd:YAG laser irradiation, a transient increase of blood
flow was demonstrated that is believed to enhance
wound healing and relieve pain.96
The reduced intradental nerve responsiveness after
lasing of dentin could be due to several factors, such as
tubule occlusion, interference with the hydrodynamic
mechanism by which stimulus-induced fluid flow in
dentinal tubules is converted into nerve activity, or
through a direct action on the nerves. Laser-induced
depression of intradental nerve excitability was to
some extent reversible,97 and it was concluded that the
optimum laser conditions to achieve more effective
analgesia have yet to be determined. Recovery was less
complete only when irradiation was greater than or
equal to 2 W power, and it seems that lasing can produce temporary suppression of intradental nerve
responses to mechanical stimulation. 98 Since lasing
blocked conduction in both A-and C-fibers in isolated
spinal nerves, it appears likely that lasing could diminish
all categories of sensations, including pain. A dose-dependent block of action potential conduction in nerve
fibers was also demonstrated in the pulp chambers of
teeth in vitro and in vivo.46,99
On the other hand, Goodis et al,100 using fetal calf
serum to simulate dentinal fluid, found a transient decrease in dentin permeability. They concluded that the
dentin surface was not affected by the laser energy,
since the reduction in permeability was transitory. They
assumed that the laser energy produced coagulation of
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Table 13 Laser parameters and treatment effectiveness of CO2 laser (wavelength
10600 nm)
Investigators

Irradiation parameters

Effectiveness

Zhang et al (1998),116
in vivo and in vitro study

1W, c.w, for 0.5 s with 0.5 s break
(total lasing time from 5-10 s),
water coolant

100% effective but after 1 week
sensitivity had recurred in almost
half of the cases.

proteins contained in the fetal calf serum, which occluded the tubules.
Moreover, Lan et al86 proposed that the mechanism
of the Nd:YAG laser’s effect on dentin is caused by
thermal energy absorption. The thermal energy caused
the hydroxyapatite crystals to melt partly or completely, and finally the dentinal tubules were occluded.

KTP laser
The KTP laser, a modified Nd:YAG laser emitting at a
wavelength of 532 nm, has been investigated for a variety
of surgical applications, but it was not until a few years ago
that it was implemented in the field of dentistry.
Goharkay et al 101 investigated the effect of KTP,
diode, and CO2 laser irradiation with and without prior
application of fluoride compounds (Table 12). The KTP
laser was used with a bleaching handpiece with a diameter of 5.7 mm at an output power of 1W in continuous wave mode. The teeth were lased for 5 s followed
by a 20 s break, and the procedure was repeated 6
times. The combined use of KTP laser irradiation and
fluoridation resulted in the occlusion of most of the
tubules. However, the best results were achieved after
the application of the 0.4% stannous fluoride gel followed by CO2 laser irradiation.

CO2 Laser
Early studies investigated the morphological changes
produced in enamel and dentin after CO2 laser irradia-
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tion.102 The enamel appeared fused but brittle, and the
dentin was completely destroyed. These changes were
probably due to the high temperature increase in the
lased areas. The high temperature due to CO2 laser irradiation was confirmed by means of x-ray diffraction
studies.103,104 Beams of pulsed CO2 laser at different
energy densities produced fractures and holes in
dentin.105 Furthermore, the degree of heat resulting
from a reflected 10-W CO2 laser exposure can be a
hazard to surrounding tissues at distances up to 7.0 cm
from the focal point.106 Featherstone and Nelson107
demonstrated that a CO2 laser used at low-energy densities was able to fuse enamel and dentin with no damage to the pulp or the adjacent tissues. At that time,
the clinical applications of CO2 laser were concerned
with the treatment of dental decay and soft tissue
surgery.108
There are also some studies that measured the effect of CO2 laser irradiation on dentin permeability.
Bonin et al109 used a solution of noradrenaline to illustrate the effect of exposure of dog canines to the beam
of a CO2 laser. Noradrenaline induces a vasoconstriction of the pulp, which is followed by a drop in the
blood pressure. In this experiment, there was no variation in the blood pressure which was interpreted as
sealing of the tubules. One year later, Pashley et al110
used three different energy levels (11, 113, and 566
J/cm2) to study the effect of the CO2 laser on dentin
permeability. The lowest and intermediate energy levels increased the permeability of dentin due to loss of
the superficial smear layer and crater formation. The
higher energy level resulted in a halo region where the
tubules were opened. However, the dentin within the
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0.5 W, c.w, for 5 s with 20 s break,
6 times + 0.4% stannous fluoride gel
(Gelkam)
0.5 W, c.w, for 5 s with 20 s break,
6 times + 0.4% stannous fluoride gel
(Gelkam)
0.5 W, c.w, for 5 s with 20 s break,
6 times + fluoride compound

94.5-98.6%

Moritz et al (1998),120
in vivo and in vitro study
Goharkay et al (2007),101
in vitro study

crater was almost impermeable. Other authors found
the effects of CO 2 laser energy on dentin to range
from no visible effects to charring and cracking when
different parameters were used, and in that study, CO2
laser irradiation did not result in a less permeable surface.111 Other studies showed that CO2 laser was capable of producing a glazed-like surface.112,113 It seems
that the angle of the laser beam in relation to the exposed dentin surface is a deciding factor for how much
energy is absorbed by the dentin and consequently for
the morphological changes of the dental tissue.114
In another study, changes in dentin permeability
after low-energy CO2 laser irradiation were evaluated
using an electrical impedance method. This is a quantitative and nondestructive method of measuring dentin
permeability. A transient dentinal dessication was observed, which can alleviate the symptoms of dentin hypersensitivity until rehydration occurs.115 Similarly, in
the study by Zhang et al,116 the CO2 laser proved effective in the treatment of this condition without causing any thermal damage to the pulp. However, after
one week, sensitivity had recurred in almost half of the
cases (Table 13).
On the other hand, when extracted teeth were irradiated with a CO2 laser, the dentinal tubules were not
sealed and the effect of laser energy on dentin varied
from cratering up to melting. It was concluded that the
changes in the hydroxyapatite crystal were responsible
for the observed effects and the increase in the permeability.117
Slutzky-Goldberg et al118 studied the effect of 9600nm CO2 laser energy on dentin due to the contradictory results of the effectiveness of 10,600-nm CO 2
laser energy in reducing dentin hypersensitivity. They
concluded that 9600 nm CO2 laser energy can be an
alternative treatment of dentin hypersensitivity, since it
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Table 14 Laser parameters and treatment effectiveness of CO2 laser (wavelength
10600 nm) in combination with fluoridation
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96.5%

Effective but rate is unknown

sealed the dentinal tubules and reduced dentin permeability.
The combined laser treatment and fluoridation resulted in a fusion of stannous fluoride with the dentin
surface and a success rate of 94.5%, when success was
defined as complete freedom from pain over a period
of 3 months. Treatment of the control group with fluoridation alone resulted in no marked improvement.119
In a later study by the same authors (Table 14), a longterm effect of up to 18 months was demonstrated
after the combined CO2 laser treatment and fluoridation on hypersensitive teeth. 120 The evaluation was
based on the subjective criteria of freedom from pain,
atomic absorption spectroscopy and scanning electron
microscopy. In a recent in vitro study, complete closure
of the dentinal tubules was demonstrated only after
the combination of 0.4% stannous fluoride gel with
CO2 laser. CO2 laser irradiation alone produced partially melted and fused areas.101 CO2 laser irradiation
in combination with fluoride treatment has also yielded
promising results in caries prevention.121-123

LASER TREATMENT OF DENTIN SURFACES
NEAR THE PULP
As soon as the use of the laser in dentistry appeared to
be possible, histopathological studies on the pulp tissue
after exposing the dentin surface to the laser beam
were published. The enthusiasm for dental lasers was
tempered by concerns that lasing may damage the
tooth pulp. It is commonly believed that temperature
increases associated with certain dental procedures
pose a serious threat to the vitality of the pulp. Therefore, the determination of threshold values is very important, as they indicate the values beyond which heat
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becomes a major factor of biological damage. Additionally, there is often a discrepancy between clinical and
morphological data, and the lack of clinical symptoms
does not constitute evidence that the pulp is free of inflammation.124,125
According to Zach and Cohen,126 an increase in intrapulpal temperature below 2.2°C was observed to
fall within a safe range of thermal stress in an observation period of 56 to 91 days. A rise in internal temperature of 5.5°C caused pulp necrosis in 15% of the
cases. Temperature increases of 11°C and 16°C resulted in pulp necrosis in 60% and 100% of the cases,
respectively.
Goodis et al127 used an improved method to simultaneously measure temperature at the dentino-enamel
junction (DEJ) and the pulpodentin junction (PDJ). Surprisingly, an initial drop in temperature was noted with
both measurements. They suggested that the heat generated during cavity preparation is dissipated from the
flow of the dentinal fluid. Although dentin is a low conductance tissue, the dentinal fluid seems to act as a
heat exchanger. In a study Baldissara et al,128 average
increases of 11.2°C did not appear to damage the pulp,
since no signs of inflammation and no reparative
processes were detected. In contrast to the observations found in the study by Zach and Cohen,126 the results suggested a low susceptibility of cells to heat,
which does not appear to be a major factor in injury, at
least during the study period of 68 to 91 days of study.
Moreover, Eriksson et al129 reported that a temperature of 53°C caused irreversible tissue injury and that
the critical temperature for bone injury lies at 47°C,
only 10°C above human body temperature.130
A device with the ability to lower pulpal temperatures was studied in monkeys (Macaca mulatta).131 The
pulp chamber temperatures were lowered to 15.5°C
and 12.4°C for as long as 20 min. The cooling temperatures generated by the device were found to be within
the safe range and not harmful to the pulp.132,133 Histological examination showed no inflammatory reaction, and this device was considered a possible tool to
avoid pulpal inflammation.
The literature on laser heating effects on the pulp is
somewhat conflicting. Some authors have reported no
pulpal damage with laser irradiation, while others observed various degrees of damage, depending upon the
laser used and the power settings of the laser. Lasing
has been shown to raise the temperature inside the
tooth pulp. The increase in pulp temperature varied as
a function of the radiation parameters (energy, pulse
frequency, and duration of exposure) and the thickness
of dentin remaining over the pulp. Early studies on the
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oral mucosa.

Effects of the Low-level Output Lasers on the
Dental Pulp
A comparative in vivo and in vitro study of the thermal
effects of four GaAlAs lasers emiting at wavelengths
between 750 nm and 905 nm was conducted, to determine temperatures generated during application of
these lasers to the cervical region of the teeth. The patients experienced no perceptible stimuli and from the
in vitro study, it was demonstrated that the maximum
intrapulpal temperature rise was 3°C.135

Effects of the Erbium Lasers on the Dental Pulp
Numerous histopathological and immunohistochemical
studies have focused on the thermal danger of Er:YAG
laser during ablation. The pulp response to Er:YAG
laser appears to be similar to the response from highspeed drill application. 136-139 Moreover, the Er:YAG
laser was found to lead to pulpal repair earlier than the
high-speed drill.140,141 Er:YAG laser ablation with water
cooling prepares enamel and dentin without undesirable temperature changes in the pulp142-148 and without side effects such as cracks in enamel and dentin.149
In general, it was concluded that no irreversible damage was seen in the pulp after Er:YAG laser ablation
and that the regenerative potential is preserved after
ablation.
Similarly, the near-red pulsed Er,Cr:YSGG laser was
not found to produce pulpal inflammatory responses
when cutting dental hard tissues.150

Effects of the Nd:YAG Laser on the Dental Pulp
In a preliminary study by Adrian,151 the pulp was found
to be more resistant to injury by the Nd:YAG laser
using the same parameters as the ruby laser in a previous study some years before.152 In contrast, histological effects of inflammatory responses were seen in
Nd:YAG laser exposures two to three times more intense than with the ruby laser.
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It seems that the temperature rise, for specific irradiation parameters with Nd:YAG laser, is determined by the tooth thickness, with lower temperature increases associated with a greater dentin thickness.153,154 The study by White et al154 indicated the
safety laser parameters to avoid a pulpal risk due to
temperature increase when 1 mm of remaining dentin
is present. Seka et al155 studied the thermal effect of
near-IR (∼1000 nm) lasers in dental hard tissues and
demonstrated elevated temperatures near the dentinoenamel junction that were considered to endanger the
vitality of the pulp several millimeters below the surface.
In a study conducted to measure the dentin permeability after irradiation with Nd:YAG (1064 or 1320
nm wavelength) or Ho:YAG (2100 nm wavelength), all
three lasers were found to be effective in reducing the
fluid flow. However, the temperature rise was above
the safety limits, which indicated that a shorter lasing
time and lower power settings must be used in clinical
studies.156 The effects of spot and scanning lasing with
a pulsed Nd:YAG laser on cat teeth was also evaluated for the purpose of desensitizing hypersensitive
dentin.157,158 Both studies revealed that irreversible tissue damage to the pulp was produced under the specific parameters used. Subsequently, it was concluded
that the clinical application of this laser for the purpose
of desensitizing the dentin bears a high risk of severely
damaging the pulp tissue.
Nevertheless, an improvement of pulpal blood flow
was demonstrated during Nd:YAG laser irradiation,
and it appeared that a low energy dose of Nd:YAG
laser irradiation can create an antiphlogistic effect.159
Increased pulpal blood circulation was also demonstrated in the study by Birang et al.160 Partial oxygen
saturation of the pulpal blood increased in the Nd:YAG
laser-treated group and was restored to the pretreatment level after a month. Because partial oxygen saturation of the pulpal blood has a direct relationship to
dental pulp vitality, it was concluded that the Nd:YAG
laser irradiation within the parameters studied caused
no irreversible damage to the dental pulp.
Pulpal pressure is another characteristic of pulp
physiology which is thought to play a significant role in
pulpal inflammation.161 Pulpal tissue pressure and temperature increased with an increase in the energy
power of the laser and a decrease in the thickness of
the remaining dentin.
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dentinogenesis without severe inflammatory reactions
of the pulp. The formation of reactional dentin could
result from an odontoblastic activation caused indirectly by the CO2 laser.162,163 In another study, it was
possible to perform pulpotomy by CO2 laser without
causing hemorrhage, bacterial contamination, or adverse effects in the radicular portions of pulps that
were irradiated.164
Launay et al165 examined the thermal effects of different lasers on enamel, dentin, and pulp tissue. The
CO2 laser produced an elevation of temperature on
the enamel surface that reached the melting point of
hydroxyapatite. However, the dentin surface temperature did not reach that of enamel, and pulpal overheating was also slight. Similar results were demonstrated
in a study by Aniç et al.166 When they irradiated the
dental tissues using specific parameters able to melt the
enamel, the temperature rise in the pulp was 4°C,
which indicated that thermal injury did not occur.
According to Miserendino et al,167 CO2 laser exposures below 10 J were observed to produce temperature increases of less than 5.5°C, which may fall within
the range of pulp tolerance according to the study by
Zach and Cohen.126 A few years later, they explored
cooling methods to facilitate dissipation of heat generated by CO2 laser irradiation. Pulsed laser exposure
did not seem to slow the increase in intrapulpal temperature. Cooling with an air/water spray, on the
other hand, appeared to be an effective method for the
prevention of thermal damage.168
Bovine teeth were also subjected to CO2 laser irradiation to study possible pulpal damage. 169 It was
demonstrated that when the dentin thickness was less
than 3 mm, there was a possibility of thermal injury to
the pulp.

CONCLUSION
Since the mechanisms involved in laser treatment of
dentin hypersensitivity are relatively unknown, care
must be taken to optimize safe and effective treatment.
Lasers have been shown to fulfill the requirements of
Grossman’s criteria by being nonirritating to the pulp
when used under specific parameters. The most important issue in laser therapy is to determine the correct
parameters for achieving satisfactory results without
detrimental thermal pulpal effects, fractures, or car-

87

fo r

88

by N
ht

1. Addy M, Mostafa P, Absi EG, aams D Cervical dentin hypersensitivity. Etiology and management with particular reference to dentifrices. In: Proceedings of Symposium on Hypersensitive Dentin.
Origin and Management. University of Michigan, Rowe NH, editor. Edinburg and London: E. and S. Livingstone Limited, 1985:
43-64.
2. Orchardson R, Sr Gangarosa LP, Holland GR, Pashley DH, Trowbridge HO, Ashley FP et al. Consensus report: Dentine hypersensitivity into the 21st century. Arch Oral Biol 1994;39, (suppl):
113s-119s.
3. Holland GR, Narhi MN, Addy M, Gangarosa L, Orchardson R
Guidelines for the design and conduct of clinical trials on dentine
hypersensitivity. J Clin Periodontol 1997;24:808-813.
4. Canadian Advisory Board on Dentin Hypersensitivity. Consensus-based recommendations for the diagnosis and management
of dentin hypersensitivity. J Can Dent Assoc 2003;69:221-226.
5. Dababneh RH, Khouri AT, Addy M. Dentine hypersensitivity-an
enigma? A review of terminology, epidemiology, mechanisms, aetiology and management. Br Dent J 1999;187;606-611.
6. Liu HC, Lan WH, Sieh CC. Prevalence and distribution of cervical
dentin hypersensitivity in a population in Taipei, Taiwan. J Endodont 1998;24:45-47.
7. Rees JS, Jin LJ, Lam S, Kudanowska I, Vowles R. The prevalence
of dentine hypersensitivity in a hospital clinic population in Hong
Kong. J Dent 2003;31:453-461.
8. Bartold PM. Dentinal hypersensitivity: a review. Aust Dent J
2006;51:212-218.
9. Addy M and Dowell P. Dentine hypersensitivity-A review. Clinical
and in vitro evaluation of treatment agents. J Clin Periodontol
1983;10:351-363.
10. Berman LH. Dentinal sensation and hypersensitivity. A review of
mechanisms and treatment alternatives. J Periodontol 1984;56:
216-222.
11. Rosenthal MW. Historic review of the management of tooth hypersensitivity. Dent Clin North Am 1990;34:403-427.
12. Sena FJ. Dentinal permeability in assessing therapeutic agents.
Dent Clin North Am 1990;34:475-490.
13. Markowitz K, Kim S. Hypersensitive teeth. Experimental studies
of dentinal desensitizing agents. Dent Clin North Am 1990;34:
491-501.
14. Kanapka JA. Over-the-counter dentifrices in the treatment of
tooth hypersensitivity. Review of clinical studies. Dent Clin North
Am 1990;34:545-560.
15. Gangarosa LP. Current strategies for dentist-applied treatment in
the management of hypersensitive dentin. Arch Oral Biol
1994;39(suppl):101s-106s.
16. Orchardson R, Gillam DG. Managing dentin hypersensitivity. J
Am Dent Assoc 2006;137:990-998.
17. Grossman LI. A systematic method for the treatment of hypersensitive dentin. J Am Dent Assoc 1935;22:592-602.
18. Maiman TH. Stimulateed optical radiation in ruby. Nature 1960;
187:493-494.

n

REFERENCES

Q ui

bonization. Complete familiarity with a safe and recommended protocol is essential at all times when irradiating vital teeth with lasers to alleviate the pain
associated with hypersensitive dentin.

pyrig
No Co
t fo
19. Kimura Y, Wilder-Smith P, Yonaga K, Matsumoto
rK. Treatment
of dentine hypersensitivity by lasers: a review J Clin P
Periodontol
ub
lica
2000;27:715-721.
t
20. Kimura Y, Wilder-Smith P, Matsumoto K. Lasers in endodontics:ion
te
a review Inter Endod J 2000;33:173-185.
ss e n c e

ot

STATE OF THE ART

21. Dederich D. Laser/Tissue interaction: What happens to laser
light when it strikes tissue? J Am Dent Assoc 1993;124:57-61.
22. Pick RM. Using lasers in clinical dental practice. J Am Dent Assoc
1993;124:37-47.
23. Kutsch VK. Lasers in dentistry: comparing wavelengths. J Am
Dent Assoc 1993;124:49-54.
24. Stern RH, Sognnaes RF. Laser beam effect on dental hard tissues.
J Dent Res 1964;43:873.
25. Gordon TE. Some effects of laser impacts on extracted teeth. J
Dent Res 1965;45:372-375.
26. Vahl J. Electron microscopical and X-Ray crystallographic investigations of teeth exposed to laser rays. Caries Res 1968;2:10-18.
27. Craig RG, Peyton FA. Thermal conductivity of tooth structure,
dental cements, and amalgam. J Dent Res 1961;40:411-418.
28. Braden M. Heat conduction in normal human teeth. Arch Oral
Biol 1964;9:479-486.
29. Braden M. Heat conduction in teeth and the effect of lining materials. J Dent Res 1964;43:315-322.
30. Brown WS, Dewey WA, Jacobs HR. Thermal properties of
teeth. J Dent Res 1970;49:752-755.
31. Corcia JT, Moody WE. Thermal analysis of human dental enamel.
J Dent Res 1974;53:571-580.
32. Midda M, Renton-Harper P. Lasers in dentistry. Br Dent J 1991;
11:343-346.
33. Miller M, Truhe T. Lasers in dentistry: an overview. J Am Dent
Assoc 1993;124:32-35.
34. Wigdor H, Abt E, Ashrafi S, Walsh JT. The effect of lasers on
dental hard tissues. J Am Dent Assoc 1993;124:65-70.
35. Strang R, Moseley H, Carmichael A. Soft lasers–Have they a
place in dentistry? Br Dent J 1988;24:221-225.
36. Kimura Y, Takebayashi H, Iwase T, Morioka T. The enhancement
of transforming growth factor-‚ activity by helium-neon laser on
wound healing in rats. Lasers Life Sci 1993;5:209-217.
37. Vasheghani MM, Bayat M, Rezaei F, Bayat A, Karimipour M. Effect of low-level laser therapy on mast cells in second-degree
burns in rats. Photomed Laser Surg 2008;26:1-5.
38. Takeda Y. Irradiation effect of low-energy laser on alveolar bone
after tooth extraction. Experimental study in rats. Int J Oral Maxillofac Surg 1988;17:388-391.
39. Nicolau RA, Jorgetti V, Rigau J, Pacheco MTT, dos Reis LM, Zângaro RA. Effect of low-power GaAlAs laser (660 nm) on bone
structure and cell activity: an experimental animal study. Lasers
Med Sci 2003;18:89-94.
40. Ohbayashi E, Matsushima K, Hosoya S, Abiko Y, Yamazaki M.
Stimulatory effect of laser irradiation on calcified nodule formation in human dental pulp fibroblasts. J Endodont 1999;25:3033.
41. Iwase T, Saito T, Nara Y, Morioka T. Inhibitory effect of He-Ne
laser on dental plaque deposition in hamsters. J Periodont Res
1989;24:282-283.
42. Walsh LJ. The current status of low level laser therapy in dentistry. Part 2. Hard tissue applications. Aust Dent J 1997;42:302306.
43. Matsumoto K, Kimura Y Laser therapy of dentin hypersensitivity
J Oral Laser Applic 2007;7:7-25.

The Journal of Oral Laser Applications

STATE OF THEop
ART
yrig

by N
ht

fo r

66.

67.

68.

69.

70.

71.
72.
73.

74.

75.

76.

77.

78.

79.

80.

81.

ot

n

Vol 9, No 2/3, 2009

Q ui

44. Gelskey SC, White JM, Pruthi VK. The effectiveness of the
Nd:YAG laser in the treatment of dental hypersensitivity. J Can
Dent Assoc 1993;59:377-386.
45. Wilder-Smith P. The soft laser: Therapeutic tool or popular
placebo? Oral Surg Oral Med Oral Pathol 1988;66:654-658.
46. Orchardson R, Whitters J. Effect of HeNe and Pulsed Nd:YAG
laser irradiation on intradental nerve responses to mechanical
stimulation of dentine. Lasers Surg Med 2000;26:241-249.
47. Corona SAM, Do Nascimento TN, Catirse ABE, Lizarelli RFZ,
Dinelli W, Palma-Dibb RG. Clinical evaluation of low-level laser
therapy and fluoride varnish for treating cervical dentinal hypersensitivity. J Oral Rehab 2003;30:1183-1189.
48. Ladalardo TCCG.P, Pinheiro A, de C. Campos RA, Brugnera JA,
Zanin F, Albernaz PLM et al. Laser therapy in the treatment of
dentine hypersensitivity. Braz Dent J 2004;15:144-150.
49. 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;21:291-296.
50. Gerschman JA, Ruben J, Gebart-Eaglemont J. Low level laser
therapy for dentinal tooth hypersensitivity. Aust Dent J 1994;39:
353-357.
51. Liu HC, Lan WH. The combined effectiveness of the semiconductor laser with Duraphat in the treatment of dentin hypersensitivity. J Clin Laser Med Surg 1994;12:315-319.
52. Tengrungsun T, Sangkla W. Comparative study in desensitizing
efficacy using the GaAlAs laser and dentin bonding agent. J Dent
2008;36:392-395.
53. 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;13:605-610.
54. Stabholz A, Neev J, Liaw LHL, Stabholz A, Khayat A, Torabinejad M .Sealing of human dentinal tubules by XeCl 308-nm excimer laser. J Endodont 1993;19:267-271.
55. Stabholz A, Rotstein I, Neev J, Moshonov J, Stabholz A. Efficacy
of XeCl 308-nm excimer laser in reducing dye penetration
through coronal dentinal tubules. J Endodont 1995;21:266-268.
56. Stabholz A, Neev J, Liaw LHL, Stabholz A, Khayat A, Torabinejad M. Effect of ArF-193 nm excimer laser on human dentinal
tubules. A scanning electron microscopic study. Oral Surg Oral
Med Oral Pathol 1993;75:90-94.
57. Cozean C, Arcoria CJ, Pelagalli J, Powell G. Dentistry for the
21st century? Er:YAG laser for teeth. J Am Dent Assoc 1997;
128:1080-1087.
58. De Moor RJG, Delmé KIM. Laser assisted cavity preparation and
adhesion to erbium-laser tooth structure. Part 1. Laser assisted
cavity preparation. J Adhes Dent 2009, in press.
59. Visuri SR, Walsh JT, Wigdor HA. Erbium laser ablation of dental
hard tissue: effect of water cooling. Lasers Surg Med
1996;18:294-300.
60. Aoki A, Ishikawa I, Yamada T, Otsuki M, Watanabe H, Tagami J
et al. Comparison between Er:YAG Laser and Conventional technique for root caries treatment in vitro. J Dent Res 1997;77:
1404-1414.
61. Armengol V, Jean A, Rohanizadeh R, Hamel H. Scanning electron microscopic analysis of diseased and healthy dental hard tissues after Er:YAG laser irradiation: in vitro study. J Endodont
1999;25:543-546.
62. Maung NL, Wohland T, Hsu C.-YS. Enamel diffusion modulated
by Er:YAG laser. (Part 1)-FRAP J Dent 2007;35:787-793.
63. Schwarz F, Arweiler N Georg T, Reich E. Desensitizing effects of
an Er:YAG laser on hypersensitive dentine. A controlled,
prospective clinical study. J Clin Periodontol 2002;29:211-215.

No C
t fo
64. Aranha ACC, Domingues FB, Franco VO, Gutknecht
rN,PEduardo
CDP. Effects of Er:YAG and Nd:YAG lasers on dentin permeabilub
lica
ity in root surfaces: a preliminary in vitro study. Photomed Laser
ti
Surg 2005;23:504-508.
te DM, Groth on
65. Gouw-Soares S, Stabholz A, Lage-Marques JL, Zezell
ss e n c e
EB, Eduardo CP Comparative study of dentine permeability after
apicectomy and surface treatment with 9.6 μm TEA CO2 and
Er:YAG laser irradiation. J Clin Laser Med Surg 2004;22:129139.
Sipahi C, Berk N, Ozen J, Atay A, Beydemir B Tubule-occluding
effect of desensitizing laser treatment on prepared dentin surfaces; An environmental SEM study. Int J Prosthodont 2006;19:
37-39.
Birang R, Yaghini J, Shirani AM. Comparative study of dentin surface changes following Nd:YAG and Er:YAG lasers irradiation and
implications for hypersensitivity. J Oral Laser Applic 2008;8:2531.
Birang R, Poursamini J, Gutknecht N, Lampert F, Mir M. Comparative evaluation of the effects of Nd:YAG and Er:YAG laser in
dentin hypersensitivity treatment. Lasers Med Sci 2007;22:21-24.
Cakar G, Kuru B, Ipci SD, Aksoy ZM, Okar I, Yilmaz S. Effect of
Er:YAG and CO2 lasers with and without sodium fluoride gel on
dentinal tubules: a scanning electron microscope examination.
Photomed Laser Surg 2008;26:565-571.
Ipci SD, Cakar G,, Kuru B, Yilmaz S. Clinical evaluation of lasers
and sodium fluoride gel in the treatment of dentine hypersensitivity. Photomed Laser Surg 2009;27:1-7.
Renton-Harper P, Midda M. Nd:YAG laser treatment of dentinal
hypersensitivity. Br Dent J 1992;172:13-16.
Lan WH, Liu HC. Treatment of dentin hypersensitivity by
Nd:YAG laser. J Clin Laser Med Surg 1996;14:89-92.
Gutknecht N, Moritz A, Dercks HW, Lampert F. Treatment of
hypersensitive teeth using Nd:YAG lasers: a comparison of the
use of various settings in an in vivo study. J Clin Laser Med Surg
1997;15:171-174.
Yonaga K, Kimura Y, Matsumoto K Treatment of cervical dentin
hypersensitivity by various methods using pulsed Nd:YAG laser. J
Clin Laser Med Surg 1999;17:205-210.
Brooks SG, Ashley S, Fisher J, Davies GA, Griffiths J, Kester RC
et al. Exogenous chromophores for the Argon and Nd:YAG
lasers: a potential application to laser-tissue interactions. Lasers
Surg Med 1992;12:294-302.
Zapletalová Z, Peﬁina J, Novotn˘ R, Chmelíãková H. Suitable
conditions for sealing of open dentinal tubules using a pulsed
Nd:YAG laser. Photomed Laser Surg 2007;25:495-499.
Lier BB, Rosing CK, Aass AM, Gjermo P. Treatment of dentin hypersensitivity by Nd:YAG laser. J Clin Periodontol 2002;29:501506.
Ciaramicoli MT, Carvalho CR, Eduardo CP. Treatment of cervical
dentin hypersensitivity using Nd:YAG laser. Clinical evaluation.
Lasers Surg Med 2003;33:358-362.
White JM, Goodis HE, Marshall GW, Marshall SJ. Identification
of the physical modification threshold of dentin induced by Nd
and Ho:YAG lasers using scanning electron microscopy. Scanning
Microsc 1993;7:239-246.
Kinney JH, Haupt DL, Balooch M, White JM, Bell WL, Marshall
SJ et al. The threshold effects of Nd and Ho: YAG laser-induced
surface modification on demineralization of dentin surfaces. J
Dent Res 1996;75:1388-1395.
Marin N, Maamary S, Bertrand MF, Rocca JP, Nammour S.
Treatment of dentinal hypersensitivity using Nd:YAG laser: an in
vitro study of morphological changes and temperature rise.
Lasers Med Sci 2007;22:285.

89

by N
ht

n

fo r

90

Q ui

82. De Magalhães MF, Matson E, De Rossi W, Alves JB. A morphological in vitro study of the effects of Nd:YAG laser on irradiated
cervical dentin. Photomed Laser Surg 2004;22:527-532.
83. White JM, Goodis HE, Rose CM. Nd:YAG pulsed infrared laser
for treatment of root surface. J Calif Dent Assoc 1991;19:55-58.
84. Schaller HG, Weihing T, Strub JR. Permeability of dentine after
Nd: YAG laser treatment: an in vitro study. J Oral Rehab 1997;
24:274-281.
85. Liu HC, Lin CP, Lan WH. Sealing depth of Nd:YAG laser on
human dentinal tubules. J Endodont 1997;23:691-693.
86. Lan WH, Lee BS, Liu HC, Lin CP. Morphologic study of Nd:YAG
laser usage in treatment of dentinal hypersensitivity. J Endodont
2004;30:131-134.
87. Lin C-P, Lee B-S, Lin F-H, Kok S-H, Lan W-H. Phase, Compositional, and Morphological Changes of human dentin after Nd:
YAG laser treatment. J Endodont 2001;27:389-393.
88. Naylor F, Aranha ACC, Eduardo CDP, Arana-Chavez V, Sobral
MAP. Micromorphological analysis of dentinal structure after irradiation with Nd:YAG laser and immersion in acidic beverages.
Photomed Laser Surg 2006;24:745-753.
89. Al-Azzawi LM, Dayem RN. A comparison between the occluding
effects of the Nd:YAG laser and the desensitizing agent sensodyne on permeation through exposed dentinal tubules of endodontically treated teeth: An in vitro study. Arch Oral Biol
2006;51:535-540.
90. Lan W-H, Liu H-C, Lin C-P. The combined occluding effect of
sodium fluoride varnish and Nd:YAG laser irradiation on human
dentinal tubules. J Endodont 1999;25:424-426.
91. Kumar NG, Mehta DS. Short term assessment of the Nd:YAG
laser with and without sodium fluoride varnish in the treatment
of dentin hypersensitivity: A clinical and scanning electron microscopy study. J Periodontol 2005;76:1140-1147.
92. Hsu PJ, Chen JH Chuang FH, Roan RT. The combined occluding
effects of fluoride-containing dentin desensitizer and Nd-YAG
laser irradiation on human dentinal tubules: an in vitro study.
Kaohsiung J Med Sci 2006;22:24-28.
93. Lee B-S, Chang C-W, Chen W-P, Lan W-H, Lin C-P. In vitro
study of dentin hypersensitivity treated by Nd:YAP laser and bioglass. Dent Mater 2005;21:511-519.
94. Magalhães AC, Rios D, Machado MADA, Da Silva SMB, Lizarelli
RDF, Bagnato VS et al. Effect of Nd:YAG irradiation and fluoride
application on dentine resistance to erosion in vitro. Photomed
Laser Surg 2008;26:559-563.
95. Myers TD, McDaniel JD. The pulsed Nd:YAG dental laser: Review of clinical applications. J Calif Dent Assoc 1991;19:25-29.
96. Funato A, Nakamura Y, Matsumoto K. Effects of Nd:YAG laser
irradiation on microcirculation. J Clin Laser Med Surg 1991;
9:467-474.
97. Whitters CJ, Hall A, Creanor SL, Moseley H, Gilmour WH,
Strang R et al. A clinical study of pulsed Nd:YAG laser-induced
pulpal analgesia. J Dent 1995;23:145-150.
98. Orchardson R, Peacock JM, Whitters CJ. Effect of pulsed
Nd:YAG laser irradiation on action potential conduction in isolated mammalian spinal nerves. Lasers Surg Med 1997;21:142148.
99. Orchardson R, Peacock JM, Whitters CJ Effects of pulsed
Nd:YAG laser radiation on action potential conduction in nerve
fibers inside teeth in vitro. J Dent 1998;26:421-426.
100. Goodis HE, White JM, Marshall SJ, Marshall GW, Lee F. Measurement of fluid flow through laser-treated dentine. Archs Oral
Biol 1994;39(suppl):128s.

pyrig
No Co
t
101. Goharkhay K, Wernisch J, Schoop U, Moritz A.fo
Laser
r P treatment
of hypersensitive dentine: comparative ESEM investigations.
ub J
lica
Oral Laser Application 2007;7:211-223.
t
102. Lobene RR, Bhussry BR, Fine S. Interaction of carbon dioxideion
te 1968;47:311laser radiation with enamel and dentin. J Dent Res
ss e n c e
317.

ot

STATE OF THE ART

103. Kantola S, Laine E, Tarna T. Laser-induced effects on tooth structure VI. X-ray diffraction study of dental enamel exposed to a
CO2 laser. Acta Odont Scand 1973;31:369-379.
104. Kantola S. Laser-induced effects on tooth structure VII. X-ray diffraction study of dentin exposed to a CO2 laser. Acta Odont
Scand 1973;31:381-386.
105. Brune D. Interaction of pulsed carbon dioxide laser beams with
teeth in vitro. Scand J Dent Res 1980;88:301-305.
106. Neiburger EJ, Miserendino L. Laser reflectance: Hazard in the
dental operatory. Oral Surg Oral Med Oral Pathol 1988;66:659661.
107. Featherstone JDB, Nelson DGA. Laser effects on dental hard tissues. Adv Dent Res 1987;1:21-26.
108. Melcer J. Latest treatment in dentistry by means of the CO2 laser
beam. Lasers Surg Med 1986;6:396-398.
109. Bonin P, Boivin R, Poulard J. Dentinal permeability of the dog canine after exposure of a cervical cavity to the beam of a CO2
laser. J Endodont 1991;17:116-118.
110. Pashley EL, Horner JA, Liu M, Kim S, Pashley DH. Effects of CO2
laser energy on dentin permeability. J Endodont 1992;18:257262.
111. Read RP, Baumgartner JC, Clark SM. Effects of a carbon dioxide
laser on human root dentin. J Endodont 1995;21:4-8.
112. Aniç I, Tachibana H, Masumoto K, Qi P. Permeability, morphologic and temperature changes of canal dentine walls induced by
Nd:YAG, CO2 and argon lasers. Inter Endod J 1996;29:13-22.
113. Azam Khan M, Rahman Khan MF, Khan MW, Wakabayashi H,
Matsumoto K. Effect of laser treatment on the root canal of
human teeth. Endod Dent Traumatol 1997;13:139-145.
114. Aniç I, ·egoviç S, Katanec D, Prskalo K, NajÏar-Fleger D Scanning
electron microscopic study of dentin lased with Argon, CO2, and
Nd:YAG laser. J Endodon 1998;24:77-81.
115. Fayad MI, Carter JM, Liebow C. Transient effects of low-energy
CO2 laser irradiation on dentinal impedance: implications for
treatment of hypersensitive teeth. J Endodont 1996;22:526-531.
116.Zhang C, Matsumoto K. Kimura Y, Harashima T, Takeda FH,
Zhou H. Effects of CO2 laser in treatment of cervical dentinal hypersensitivity. J Endodont 1998;24:595-597.
117. González M, Banderas JA, Rodríguez V, Castaño VM. Particle-induced X-ray emission and scanning electron microscopic analyses
of the effects of CO2 laser irradiation on dentinal structure. J
Dent 1999;27:595-600.
118.Slutzky-Goldberg I, Nuni E, Nasralla W, Stabholz A, Moshonov J.
The effect of CO2 laser on the permeability of dentinal tubules: a
preliminary in vitro study. Photomed Laser Surg 2008;26:61-64.
119.Moritz A, Gutknecht N, Schoop U, Goharkhay K, Ebrahim D,
Wernisch J et al. The advantage of CO2-treated dental necks, in
comparison with a standard method: results of an in vivo study. J
Clin Laser Med Surg 1996;14:27-32.
120. Moritz A, Schoop U, Goharkhay K, Aoid M, Reichenbach P,
Lothaller MA et al. Long-term effects of CO2 laser irradiation on
treatment of hypersensitive dental necks: results of an in vivo
study. J Clin Laser Med Surg 1998;16:211-215.
121.Rodrigues LKA, dos Santos MN, Pereira D, Assaf AV, Pardi V.
Carbon dioxide laser in dental caries prevention. J Dent 2004;
32:531-540.

The Journal of Oral Laser Applications

STATE OF THEop
ART
yrig

by N
ht

ot

n

fo r

Vol 9, No 2/3, 2009

Q ui

122. Tepper SA, Zehnder M, Pajarola GF, Schmidlin PR. Increased fluoride uptake and acid resistance by CO2 laser-irradiation through
topically applied fluoride on human enamel in vitro. J Dent
2004;32:635-641.
123. Chin-Ying SH, Xiaoli G, Jisheng P, Wefel JS. Effects of CO2 laser
on fluoride uptake in enamel. J Dent 2004;32:161-167.
124. Langeland K. Histologic evaluation of pulp reactions to operative
procedures. Oral Surg Oral Med Oral Pathol 1959;12:12351248.
125. Seltzer S, Bender IB, Nazimou H. Differential diagnosos of pulp
conditions. Oral Surg Oral MedOral Pathol 1965;19:383-391.
126. Zach L, Cohen G. Pulp response to externally applied heat. Oral
Surg Oral Med Oral Pathol 1965;19:515-530.
127. Goodis HE, Schein B, Stauffer P. Temperature changes measured
in vivo at the dentinoenamel junction and pulpodentin junction
during cavity preparation in the Macaca fascicularis monkey. J Endodont 1988;14:336-339.
128. Baldissara P, Catapano S, Scotti R. Clinical and histological evaluation of thermal injury thresholds in human teeth: a preliminary
study. J Oral Rehab 1997;24:791-801.
129. Eriksson A, Albrektsson T, Grane B, McQueen D. Thermal injury
to bone. A vital microscopic description of heat effects. Int J Oral
Surg 1982;11:115-121.
130. Eriksson AR, Albrektsson T. Temperature threshold levels for
heat-induced bone tissue injury: a vital-microscopic study in the
rabbit. J Prosthet Dent 1983;50:101-107.
131.Goodis HE, White JM, Watanabe LG. Application of a device to
lower pulpal temperatures in vivo. J Appl Biomater 1991;2:4954.
132. Ingram TA, Peters DD. Evaluation of the effects of CO2 used as a
pulp test. Part 2. In vivo effect on canine enamel and pulpal tissues. J Endodont 1983;9:296-303.
133. Rickhoff B, Trowbridge H, Baker J, Fuss Z, Bender IB. Effects of
thermal vitality tests on human dental pulp. J Endodont
1988;14:482-485.
134.Taylor R, Shklar G, Roeber F. The effects of laser radiation on
teeth, dental pulp, and oral mucosa of experimental animals.
Oral Surg Oral Med Oral Pathol 1965;19:786-795.
135. Arrastia AMA, Machida T, Wilder Smith P, Matsumoto K. Comparative study of the thermal effects of four semiconductor
lasers on the enamel and pulp chamber of a human tooth. Lasers
Surg Med 1994;15:382-389.
136. Sonntag KD, Klitzman B, Burkes EJ, Hoke J, Moshonov J. Pulpal
response to cavity preparation with the Er: YAG and Mark III
free electron lasers. Oral Surg Oral Med Oral Pathol 1996;
81:695-702.
137. Glockner K, Rumpler J, Ebeleseder K, Städtler P. Intrapulpal temperature during preparation with the Er: YAG laser compared to
the conventional burr: an in vitro study. J Clin Laser Med Surg
1998;16:153-157.
138. Tanabe K, Yoshiba K, Yoshiba N, Iwaku M, Ozawa H. Immunohistochemical study on pulpal response in rat molars after cavity
preparation by Er: YAG laser. Eur J Oral Sci 2002;110:237-245.
139. Louw NP, Pameijer CH, Ackermann WD, Ertl T, Cappius H-J,
Norval G. Pulp histology after Er: YAG laser cavity preparation in
subhuman primates-a pilot study. SADJ 2002;57:313-317.
140. Takamori K. A histopathological and immunohistochemical study
of dental pulp and pulpal nerve fibers in rats after the cavity
preparation using Er: YAG laser. J Endodont 2000;26:95-99.
141. Jayawardena JA, Kato J, Moriya K, Takagi Y. Pulpal response to
exposure with Er: YAG laser. Oral Surg Oral Med Oral Pathol
2001;91:222-229.

No C
t o Kubelka J,
142. Dostálová T, Jelínková H, Krejsa O, Hamal fK,
r
Procházka S et al. Dentin and pulp response to Er: YAGPlaser
ub ablica
lation: a preliminary evaluation of human teeth. J Clin Laser Med
tio
Surg 1997;15:117-121.
n
te
143. Mehl A, Kremers L, Salzmann K, Hickel R. 3D volume-ablation
ss e n c e
rate and thermal side effects with the Er: YAG and Nd: YAG
laser. Dent Mater 1997;13:246-251.
144. Gouw-Soares S, Pelino JEP, Haypek P, Bachmann L, Eduardo
CDP. Temperature rise in cavities prepared in vitro by Er: YAG
laser. J Oral Laser Applic 2001;1:119-123.
145. Nair PN, Baltensperger MM, Luder HU, Eyrich GK. Pulpal response to Er: YAG laser drilling of dentine in healthy human third
molars. Lasers Surg Med 2003;32:203-209.
146. Oelgiesser D, Blasbalg J, Ben-Amar A. Cavity preparation by Er:
YAG laser on pulpal temperature rise. Am J Dent 2003;16:9698.
147. Cavalcanti BN, Lage-Marques JL, Rode SM. Pulpal temperature
increases with Er: YAG laser and high-speed handpieces. J Prosthet Dent 2003;90:447-451.
148. Attrill DC, Davies RM, King TA, Dickinson MR, Blinkhorn AS.
Thermal effects of the Er: YAG laser on a simulated dental pulp:
a quantitative evaluation of the effects of a water spray. J Dent
2004;32:35-40.
149. Dostàlovà T, Jelínková H, Krejsa O, Hamal K. Evaluation of the
surface changes in enamel and dentin due to possibility of thermal overheating induced by Er: YAG laser radiation. Scanning Microsc 1996;10:285-291.
150. Eversole LR, Rizoiu I, Kimmel AI. Pulpal response to cavity
preparation by an Er,Cr:YSGG laser-powered hydrokinetic system. J Am Dent Assoc 1997;128:1099-1106.
151. Adrian JC Pulp effects of neodymium laser. A preliminary report.
Oral Surg Oral Med Oral Pathol 1977;44:301-305.
152. Adrian JC, Bernier JL, Sprague WG. Laser and the dental pulp. J
Am Dent Assoc 1971;83:113-117.
153. Fraunhofer JA, Allen DJ. Thermal effects associated with the
Nd:YAG dental laser. Angle Orthod 1993;63:299-304.
154.White JM, Fagan MC, Goodis HE. Intrapulpal temperatures during pulsed Nd:YAG laser treatment of dentin, in vitro. J Periodontol 1994;65:255-259.
155. Seka W, Fried D, Featherstone JDB, Borzillary SF. Light deposition in dental hard tissue and simulated thermal response. J Dent
Res 1995;74:1086-1092.
156. Goodis HE, White JM, Marshall GW, Yee K, Fuller N, Gee L et
al. Effects of Nd:YAG and Ho:YAG lasers on human dentine fluid
flow and dental pulp-chamber temperature. In vitro Archs oral
Biol 1997;42:845-854.
157. Tokita Y, Sunakawa M, Suda H. Pulsed Nd:YAG laser irradiation
of the tooth pulp in the cat: I. Effect of spot lasing. Lasers Surg
Med 2000;26:398-404.
158. Sunakawa M, Tokita Y, Suda H. Pulsed Nd:YAG laser irradiation
of the tooth pulp in the cat:II. Effect of scanning lasing. Lasers
Surg Med 2000;26:477-484.
159. Yamaguchi H, Kobayashi K, Sato Y, Osada R, Sakuraba E, Nomura T et al. Nd:YAG laser irradiation of the human dental pulp:
implications as a predictor of pulp hemodynamics. Lasers Surg
Med 2000;26:270-276.
160. Birang R, Kaviani N, Mohammadpour M, Abed AM, Gutknecht
N, Mir M. Evaluation of Nd:YAG laser on partial oxygen saturation of pulpal blood in anterior hypersensitive teeth. Lasers Med
Sci 2008;23:291-294.

91

by N
ht

n

fo r

92

Q ui

161. Srimaneepong V, Palamara JEA, Wilson PR. Pulpal space pressure and temperature changes from Nd:YAG laser irradiation of
dentin. J Dent 2002;30:291-296.
162. Melcer J, Chaumette MT, Melcer F, Zeboulon S, Hasson R, Merard R et al. Preliminary report on the effect of the CO2 laser
beam on the dental pulp of the Macaca Mulatta primate and the
Beagle dog. J Endodont 1985;11:1-5.
163. Melcer J, Chaumette MT, Melcer F. Dental pulp exposed to the
CO2 laser beam. Lasers Surg Med 1987;7:347-352.
164. Shoji S, Nakamura M, Horiuchi H. Histopathological changes in
dental pulps irradiated by CO2 laser: a preliminary report on
laser pulpotomy. J Endodont 1985;11:379-384.
165. Launay Y, Mordon S, Cornil A, Brunetaud JM, Moschetto Y.
Thermal effects of lasers on dental tissues. Lasers Surg Med
1987;7:473-477.
166. Aniç I, Vidoviç D, Luiç M, Tudja M. Laser induced molar tooth
pulp chamber temperature changes. Caries Res 1992;26:165169.

pyrig
No Co
t
167. Miserendino LJ, Neiburger EJ, Walia H, LuebkefoN,
Brantley W.
rP
Thermal effects of continuous wave CO2 laser exposure
ub on
lica
human teeth: An in vitro study. J Endodont 1989;15:302-305.
t
168. Miserendino LJ, Abt E, Wigdor H, Miserendino CA. Evaluation ofion
t
thermal cooling mechanisms for laser applicationetosteeth.
Lasers
se nc e
Surg Med 1993;13:83-88.

ot

STATE OF THE ART

169. Jeffrey IWM, Lawrenson B, Saunders EM, Longbottom C. Dentinal temperature transients caused by exposure to CO2 laser irradiation and possible pulpal damage. J Dent 1990;18:31-36.

Contact address: Professor Dr. Roeland De Moor, Department of Operative Dentistry and Endodontology, Ghent University, Ghent University Hospital, Dental School, De
Pintelaan 185 - P8, B-9000 Gent, Belgium. Tel: +32-9-3324000, Fax: +32-9-332-3851. e-mail: roeland.demoor@ugent.be

The Journal of Oral Laser Applications

