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Abstract: The purpose of this study is to investigate the histopathological response of dentinopul pal
response of human teeth to the Er: YAG laser cavity preparation in comparison with the conventional
class | cavity preparation. Thirty five sound human upper and lower first premolar teeth which were
needed to be extracted for orthodontic purposes were used in the study. Regarding to the method of
cavity preparation, the teeth were grouped into three groups, Groupl; Control group which consists of
seven sound teeth without cavity preparation, Group2; Conventional cavity preparation group and group
3; Er: YAG laser cavity preparation group. Each of Group2 and3 consists of fourteen teeth that is
subdivided into: A. 7teeth that extracted after two days after cavity preparation and B. 7 teeth that
extracted after twenty-one days after cavity preparaion. Er: YAG Laser device emits radiation at
wavelength of 2940 nmin theinfrared region. The laser irradiation was performed in a non-contact mode
with afocused beam of (energy density of 155985.96 mJ/cm?, energy of 600 mJ and a PRRs of 6 Hz for
enamel preparation) and (energy density=64994.151 mJ /cm?, energy = 250 mJ and a PRRs=4 Hz for
dentin preparation) with a spot diameter of 0.7mm at 12-15 mm distance and at right angle to the tooth
surface as possible. The histopathol ogical results of the cavities prepared by Er: YAG Laser reveaed the
early proliferation of the odontobl asts in the odontoblastic layer of the coronal part of the pulp which led
to the early formation of the reparative dentin in comparison to those prepared by conventional method.
It can be concluded that the use of the Er: YAG laser in class | cavity preparation has proved to be an
efficient technique in comparison to the conventional cavity preparation.

Introduction physical, chemical, thermal, or biologic stimuli

(Lefkowitz W, et al, 1958). High-speed rotary

Denta pulp is restricted by inflexible walls cutting instruments allow mineraized tissues to
with a confined circulation supplied by an be prepared with minimal effort and, therefore,
ateriole through a narrow apical foramen. are efficient. However, if these instruments are
Circulation disorders determine the reversibility used inappropriately, the dental pulp may be
limit for pulpa lesions and are precipitated by irreparably damaged. Heat production during
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tooth preparation and mechanicd damage are
magjor sources of trauma (Zach L , Cohen G.,
1965).

Also dental treatment is generally recognized
as a painful procedure. The introduction of loca
anesthesia has reduced the pain, but the fear
remains, especially with respect to the injection.
The noise and the vibrations of mechanica
drilling during preparation also make the
conventional preparation technique unpleasant
to the patient (Hibst R., Keller U, 1997).

Due to these undesirable effects, it is not
surprising that concentrated efforts have focused
on new techniques such as lasers for painless
caries removal. Research on the medical and
dental applications of laser got momentum when
the ruby laser was developed * and was tried in
dentistry (Goldman L, et al, 1965, Goldman L,
e al, 1964 Stern RH, Sognnaes RF, 1964 and
Stern RH, et a, 1969)

The advances in laser research identified the
dinicaly useful laser-waveengths, the physica
and technica parameters to be sa in such
devices and the provision for water cooling
(Visuri SR, et a, 1996). These devel opments led
to a new generation of laser devices with
improved efficacy and diminished heat
distribution for application on denta hard
tissues (P.N. Ramachandran N., 2003).

The Er: YAG laser has a wavelength of 2.94
pm which represents the absorption peak of
water. As such, the laser energy is more or less
completely absorbed by water molecules in the
enamd and dentine resulting in  micro-
explosions and vaporization of the hard tissues
(ablation) (Keller U, Hibst R., 1989).

Reduction of pain during cavity-preparation
and caries-remova has been an expected benefit
of laser usage. Further, for clinical use the 2.94
nm radiation is known to have no mutagenic or
carcinogenic effects (Walsh JT, et a, 1989).
These properties have been suggested to make
Er. YAG laser suitable for cavity-preparations
in permanent and more ideally in primary teeth
(Takamori K., 2000).

Aims of the Study

This study ams is to evaluate the
histopathologic changes of the dentin and pulp
responses to the use of Er: YAG laser ablation
for class | cavity preparation in vivo, and to
compare between the histopathological changes

of the dentin and pulp response to Er: YAG
laser ablation and the conventiona class| cavity
preparati on by tooth drilling in vivo.

M aterials and M ethods

Thirty five sound human (Age 14-24 years)
upper and lower first premolar teeth (which
were needed to be extracted for orthodontic
purposes) were used in the present study.
According to the method of cavity preparation
the teeth were grouped into three groups, as
following:

Group 1(Control group): Consists of 7 sound
teeth without cavity preparation.

Group2 (Conventional bur cavity preparation
group): Consists of 14 teeth were subdivided as
following:

A. 7 teeth were extracted after two days
after cavity preparation.

B. 7 teeth were extracted after twenty-one
days after cavity preparation.

Group 3(Er: YAG laser cavity preparation
group): Consists of 14 teeth were subdivided as
following:

A. 7 teeth were extracted after two days
after cavity preparation.

B. 7 teeth were extracted after twenty-one
days after cavity preparation.

Er:YAG Laser device (Kavo KEY® Laser 3
(1243); Bibrach Riss, Germany) emits radiation
at wavelength of 2940 nm in the infrared region,
classified as a class IV laser according to the
(ANSI) classification and is supplied with its
protective eyewear. The pulse energy ranges
from 10 to 600 mJ and it is adjustable in the
range of 10-200 mJ in 20 mJ steps and 200-600
mJ in 50mJ steps. The pulse repetition rate
(PRR) is also adjustable from 1-25 Hz and the
pulse duration ranges from 200 to 700us. The
cavity preparation was done with distilled water
cooling irrigation spray merging from the jet
nozzle in the head of the 2060 laser hand-piece.

The laser irradiation was performed in a
non-contact mode with a focused beam of
(energy density =155985.9 mJ/cr?, energy= 600
mJ and a PRRs= 6 Hz for enamel preparation)
and (energy density=64994.151 mdJcn?,
energy= 250 mJ and a PRRs=4 Hz for dentin
preparation) with a spot diameter of 0.7mm at
12-15 mm distance and at right angle to the
tooth surface as possibl e (according to the man-

-ufacturer recommendations).
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Class | cavity of 4mm length
(mesiodistally),2mm width (buccolingualy),
and 4mm (£ 0.5) depth was prepared on the
occlusa surface of the teeth of both group 2 and
3 . Then the cavities were filled with Zinc-
oxide-eugenol (Dori Dent, Austria).

Immediately after extraction the teeth were
gently rinsed in running cold water, fixed in
formal dehyde solution (10%) for 2 days at room
temperature and put in 1% nitric acid for about
10+2 days. After the decalcification, the teeth
were cut bucco-lingualy (longitudinal section)
into two halves;, mesial and distal.

Later the then mounted in wax. The
paraffin embedded tissue were cut with rotary
microtome (Germany) to sections of five
microns, mounted on glass slides, and stained
with routine Harris Hematoxyline-Eosin stain
(H&E). The dides were examined under light
mi croscope equipped with photo-automatic unit.

Results

The dinical observation of this study
showed that the time of cavity preparation of
both groups 2 and 3 was equal. The facilities of
access with laser hand-piece were good with
limitation of difficulties. The patients were
more comfort with laser than the conventional
method and the whol e laser work was done with
no need for local anesthetic sol ution.

The preparations by the Er: YAG laser gives
a characteristically chalky surface appearance.
The post-operative clinical condition of the teeth
was uneventful in al cases belonging to both
groups 2 and 3 during the 2 and 21 days
observation periods. Clinical complications such
as pain and signs of inflammation or infections
were not observed throughout the follow-up
periods. The histopathological results reveded
the mi croscopical view of the pulp and dentin.

Results of group 2 subgroup A

The histological findings of the coronal part
of the pulp showed signs of mild reactions,
isruption of the odontoblastic layer and small
vacuoles appeared between them. Capillaries in
the irradiated area were dilated (hyperemia), as
shown in Figure (1): (A and B)
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Fig. (1-A): Photomicroscopic picture (upper left first
premolar of 17 years old female patient) a 2 days
after cavity preparation by a high-speed drill. (H&E
X40.)
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Fig. (1-B): Photomicroscopic picture (upper left first
premolar of 17 years old female patient) a 2 days
after cavity preparation by a high-speed drill. (H&E
X20).

Results of group 3 subgroup A:

All the cases (patients) of this group except
the first case (patient) revealed a proliferation of
the odontoblasts in the odontoblastic layer, and
the blood vessds appeared congested
(hyperemia), as shown in Figure (2):(A and B).
No other signs of inflammation were observed.
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inflammatory cdls infiltration were distinctly
observed; as seen in Figure (3 and 4)

Proliferative
odontoblastic

layer

Congested blood
vessd

Fig. (2-A): Photomicroscopic picture (upper left first
premolar of 16 years old female patient) at 2 days
after cavity preparation by Er: YAG laser. (H & E
X20).

Fig. (3): Photomicroscopic picture (lower right first
premolar of 16 years old female patient) a 2 days
after cavity preparation by Er: YAG laser. (H&E
X20)

Fig. (2-B): Photomicroscopic picture (upper left first
premolar of 16 years old female patient) at 2 days
after cavity preparation by Er: YAG laser. (H&E
X40)

Fig. (4): Photomicroscopic picture (lower right first
premolar of 16 years old female patient) a 2 days

In the first case (patient) of this group the
histological findings revealed in addition to the
disruption of the odontoblastic layer and the
gppearance of vacuoles between them, a severe
hyperemia, congested blood vessds, and
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after cavity preparation by Er: YAG laser. (H&E
X40)

The results of subgroup A of group 2 and
group 3 is shown in Table (1). Table (1):
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Histopathological criteria of the pulp at 2 days
after cavity preparation.

Results of group 2 subgroup B:

The results of group 2 subgroup B showed
regeneration in the odontoblastic layer, the
presence of the vacuoles between the

odontoblasts but less in number and size than
that present in subgroup A, and mild hyperemia;
as shown in Figure (5):(A and B).

Fig. (5-A): Photomicroscopic picture (upper |eft
first premolar of 17 years old male patient) at 21
days after cavity preparation by high speed drill.
(H&E X20)

Fig. (5-B): Microphotograph picture (upper left
first premolar of 17 years old male patient) at 21
days after cavity preparation by high speed drill.
(H&E X40.)
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Results of group 3 subgroup B:

These results showed that the segment of the
periphera pulp immediately subjacent to the
floor of the prepared cavity revealed a formation
of reparative dentin. The reparative dentin was
easily identified by its stainability to ematoxylin
and eosin which differed from the primary
dentin; as shown in Figure 6.

Fig. (6): Photomicrograph picture (upper left
first premolar of 19 years old female patient) at
21 days cavity preparation by Er: YAG laser.
(H&E X40.)

Other histological findings |ooked normal no
hyperemia and no signs of inflammation; as
seeninFigure7.

Odontoblastic
~ layer
Pedentin

Reparative
dentin

Fig. (7): Photomicrograph picture (upper left
first premolar of 16 years old female patient) at
21 days cavity preparation by Er: YAG laser.
(H&E X20)



M. W. Al-Gazali et al, Iraqgi J. Laser B9, 1, 33-41 (2010)

Results of subgroup B of group 2 and group 3:
The results of subgroup B of group 2 and
group 3 are shown intable 2.

Table (2): Histopathological criteria of the pulp
and dentin at 21 days after cavity preparation.

Histopathol ogi cal Group 2 Group 3
Criteria of the
pulp

Odontobl astic disruption proliferation

layer and vacuoles
formati on

Cdl-rich zone inflammatory fibroblast
cdls proliferation
infiltration

Vascularity Hyperemia Hyperemia

Discussion and Conclusions

It is wel known that cavity preparation
induces certain acute morphological changes in
the dentd pulp and the use of rotary instrument
considered the most damaging insult to pulp
(due to excessive heat generation by friction of
therotary instrument) (James B. S, et a, 2006).

Miserendino et a. in 1998 reported that
cavity preparation with the erbium lasers (seen
from histology dlides) did not show no
immediate, short-term, nor long-term negative
effects compared with the conventional dental
drill (Miserendino L, C. C., 1998). Although
pain may be reduced during the conventional
method by local anesthesia, fear of the needle,
noise and vibration of mechanical preparation
remains causes of discomfort.

The mechanisms of pain reduction in cavity
preparation with Er: YAG laser (in which no
need for the use of local anesthetic solution)
could be due to minimal therma damage to the
dental pulp. This come into agreement with
Marcer (Marcer C., 1996) and Hussein (Hussein
A., 2006). The chaky whitish surface
demonstrated on the enamd surfaces of the
Er'YAG laser cavities may be a surface
dehydration caused by the ablation process, this
come into agreement with Deng et al. in 2004
(Deng Y. et a, 2004).

After 2 days of cavity preparation:
The dental pulp as well as dentin is known to
undergo remarkable morphological changes
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after cavity preparation. These changes in the
pulp can be explained by the fact that the dentin
is presumably traversed in its full thickness by
the cytoplasmic processes of odontoblasts. This
comes into agreement with Gunji and
Kobayashi (Gunji, T. S., Kobayashi 1983) and
Siga e a. (Sigd, M. J, et d, 1984 and Sigal,
M. J,, et a, 1984). When the surface layer of the
dentin is drilled, the processes of odontoblasts
are mechanically injured, leading to the
degeneration of their cdl bodies and empty
spaces (vacuoles) formation in stead. This come
into agreement with Carter et d, (Carter M., et
al, 1983)

Whileinthe Er: YAG laser group (except for
the first patient) the proliferative odontoblasts
that derived from the proliferative fibroblasts
were the most important features. In other words
these results showed that the Er: YAG laser led
to initiate and compl ete of pulpal repair earlier
than the high-speed drill. In the present study it
was found that the Er: YAG laser irradiation
tended to cause more and earlier fibroblast
proliferation than the high-speed drill group.
This result was similar to those reported by
Sekine et d. (SekineY, 1984) and Cozean et al.
(Cozean C, et d, 1997). In Er: YAG laser group,
the earlier fibroblast proliferation (which gives
rise to earlier odontoblast proliferation) may be
accused by an earlier increase and then decrease
in Calcitonin generelated peptide CGRP
(which is reported to take part in inducing the
proliferation of human and rat pulp fibroblasts
in vitro (P.N. Ramachandran N., 2003 and
Takamori K., 2000). level than in the high-speed
drill group. This comes into agreement with that
reported by Takamori (Takamori K., 2000) and
Nair et a. (P.N. Ramachandran N., 2003).

The earlier increase and then decrease in
CGRP leve in the Er: YAG laser irradiation
group may be attributed to the biostimulation
effect of the pilot beam (GaAl-As 655 nm
diode laser) that emitted in association with the
Er: YAG laser beam. This comes into agreement
with Van et a. (Van B. HH, 1992), Ozawa et
a. (Ozawa, et a, 1998), and Hossein et d.
(Hossein B., 2005). Actualy the mechanism of
action between conventiona hand-piece and Er:
YAG laser hand-piece is completdy different.
That's to say conventional hand-piece removes
the hard tissue substance by friction of the
rotating bur while Er: YAG laser ablate hard
tissue by mean of phototherma (photoablation)
(as mentioned before).
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The maximum temperature variation for Er:

Y AG laser and conventional bur were2°C and 4
°C respectively in Class V cavity of 2mm depth
(Cavalcanti BN., et d, 2003).
This variance in temperature between the Er:
YAG laser group and conventiona bur group
may lead to variance in histopathological
observations between the two groups.

The water cooling of the laser system
helped to reduce the heat distribution so that the
rise in pulpal temperature did not reach the
critically damaging level of 5.5°C.

In laser group the general absence of

damaging thermal effects on the pulp was most
likdy due to the particular wavelength of the
laser, the characteristic interaction
(photothermal interaction mechanism) between
the laser and the hard tissues of the teeth, the
specified energy settings, and the provision for
water-cooling.
Hyperemia that resulted in subgroup A of both
groups (2 and 3) was transient and localized to
the pulp adjacent to the cavity preparation and
should be considered as a normal physiologic
response, this come into agreement with
Miserendino et al. (Miserendino L, C. C., 1998).
For the first patient of group3 subgroup A
(lower right first premolar) of the Er: YAG laser
group, due to lack of the previous experience,
the irradiation time was the longest for this
patient. This made the histopathological
observations seem to be different. The other
reason is that regarding the remaining dentin
thickness. It is known that this thickness has a
decisive role in the generation of the intrapulpal
temperature (lower premolar teeth characterized
with high pulp level so lower dentin thickness
than upper premolars). In other words with
thinner dentin temperature inside the pulp
chamber will be higher this come into
agreement with Lauer et al. (Lauer, H. C., et d,
1990) and Nair et d. (P.N. Ramachandran N.,
2003).

After 21 days of cavity preparation:

The formation of reparative dentin after 21
days after cavity preparation was observed in
the laser group not in the high-speed drill group.
This was probably because fibroblast and
odontoblast proliferation (which are responsible
for the secretion of the reparative dentin)
occurred earlier inthe Er: Y AG laser group than
in the high-speed drill group.
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The formation of reparative dentin occurred

as a result of organization of the area of blood
extravasation. Reparative dentin is thought to
have been formed by collagen, noncollagenous
protein, growth factors, ec., and secreted by the
cells (odontoblasts) that multiplied in the
damaged pulp tissue.
The time a which the reparative dentin
formation was observed in this study was to
some extent similar to that reported by Kdler
and Hibst (Kdler U, Hibst R., 1991) (3to 5
weeks after cavity preparation by Er: YAG laser
irradiation in dogs pulp), Sekine et a, (Sekine
Y, 1984) (28 days after cavity preparation by
Er: YAG laser irradiation in dogs pulp), and
Takamori (Takamori K., 2000) (10-14 days
after cavity preparation by Er: YAG laser
irradiation inrats pulp).

This means that the Er: YAG laser leads to
pulpa repair earlier than the high-speed drill.
Thisresult comesinto agreement with Takizawa
(Takizawa M., 1996) , Takano et d, (Takano T,
et al, 1997) , Cdland et al. (Cdland JW, et 4,
1997) , and Jayawardena et al. (Jayanetti Asiri
Jayawardena, et al, 2001).

Lastly it can be concluded that theEr: YAG
laser cavity preparation has proved to be an
effident technique in comparison to the
conventional bur cavity preparation, regarding
the histopathological changes after class | cavity
preparations in premolar teeth. The Er: YAG
laser (with the parameter of 15598.59 mJcn,
600mJ, and 6Hz for enamel preparation and
64994.151 mJcm?, 250mJ, and 4Hz for dentin
preparation) tended to cause earlier fibroblast
and odontoblast proliferation than the high-
speed drill which led to pulpa repair and
reparative dentin formation earlier than the
high-speed drill.
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