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Abstract

This study investigates the thermal danger of Erbi-
um (Er):YAG laser ablation. Classical preparation
techniques have many disadvantages caused by unfavor-
able changes of temperature, pressure, and by mechani-
cal vibrations. The effect of mechanical vibrations and
pressure is eliminated by use of laser ablation technique.
The purpose of this study was to analyze the side effects
resulting from thermal changes of enamel and dentin in
extracted human teeth subjected to pulsed Er:YAG laser
radiation using both wet and dry ablation methods.

The micrographs of the sections were checked and
measured afterwards. The effect of the investigated la-
ser irradiation on the origin of cracks was analyzed in
the scanning electron microscope. The hard structures
of the teeth were observed under transmitted and polar-
ized light. The occurrence of cracks can be directly
correlated to overheating during dry enamel ablation,
because heat is generated by absorption of the laser
beam by enamel and dentin. The addition of water mist
during irradiation not only enables rapid ablation of
enamel and dentin, but offers thermal protection to the
pulp. The heat changes to the pulp caused by an energy
level of 200 mJ from the tested laser system may be
reduced by adding a fine water spray during the lasing
procedure.

Key Words: Dentistry, laser therapy, Erbium:YAG
laser, heat/adverse effects.
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Introduction

The widespread use of laser technology in dentistry
has been restricted in part because of the inability of
currently available lasers to remove particles of enamel
effectively {lasers generating radiation in the visible part
of spectrum are not so effective (Vahl and van Benthem,
1992)} and because of the thermal changes produced in
the dental pulp (Burkes et al., 1992).

Temperature changes during the preparation of den-
tal hard tissue is one criterion for evaluation of the safe-
ty of the preparation technique with respect to tooth vi-
tality (Seltzer and Bender, 1975). Classical preparation
techniques have many disadvantages caused by unfavor-
able changes of temperature, pressure, and by mechani-
cal vibrations (Seltzer and Bender, 1975). The effects
of mechanical vibrations and pressure are eliminated by
the use of a new laser preparation technique (Hibst and
Keller, 1993). This method is based on tissue interac-
tion with electromagnetic radiation.

The important factor in the tooth tissue preparation
is to maintain the temperature increase below 5°C in the
pulp chamber (Seltzer and Bender, 1975). From previ-
ous work (Zach and Cohen, 1965), it is evident that the
dental pulp responds to measured increases in applied
heat in a fairly constant, predictable manner. The
threshold temperature related to complete destruction of
pulp (overwhelming irreversible necrotic response) is
16°C (critical range is 6°C). From classical prepara-
tions, it 1s obvious that, under clinical conditions of the
actual dental treatment, the pulp is subjected to severe
thermal shock from procedures other than rotary-drill
cavity preparation alone.

A similar, or even more dangerous, situation can be
caused by laser ablation. In previous experiments, we
have shown that uncooled long-term Erbium (Er):YAG
laser preparation caused irreversible changes of the pulp:
the intrapulpal temperature rose up to 10°C. This meth-
od is therefore dangerous and unacceptable (Dostdlovd
et al., 1993b). Alternately, if the tooth is cooled by an
appropriate fine water spray, i.e., under the same con-
ditions as in the classical preparation, the temperature
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Discussion with Reviewers

Reviewer I: What is the influence of the water flow
and the fine water mist on the morphological changes in
enamel and dentin? How is heat generated in enamel and
dentin?

Authors: We think that the morphological changes in
ename] and dentin depend on the anatomical structure of
hard dental tissues and their degree of mineralization.
Enamel is a compact highly mineralized tissue with the
inclination to crack. We observed this process not only
in extracted teeth, which are brittle, but also when we
checked the enamel surface in the patients. The struc-
ture of dentin and the water mist help to dampen the
microexplosions.

H.E. Goodis: Please describe the laser equipment used
in this study in more detail. In particular, how was it
proven that the Er: YAG laser was powerful enough? To
what depth were cavities prepared? What were the re-
maining dentin thicknesses?

Authors: The influence of the laser system described in
this study on the depth and profile of the drilling cavity
was recently presented at another meeting (Dostdlovd er

°, re, . not ‘tof

Nt Secney . = xuane wen previous studies and clinical prac-
tice, we conclude that optimal and safe laser systems
have energies from 200 to 300 mJ and repetition rates
from 0.5 to 2 Hz. The preparation using a repetition
rate of 0.5 Hz is slow, but not insufficient.



Laser radiation of enamel and dentin

H.E. Goodis: How do your micrographs demonstrate
cracking due to extraction or after laser exposure?
T.D. Myers: Please explain the significance of the
micrographs taken before laser ablation.

Authors: We took photomicrographs before laser abla-
tion, to have the possibility to investigate the tooth sur-
face before preparation, and after laser ablation, to
check for the occurrence of cracks before SEM. The
procedure of making photomicrographs has been pub-
lished previously (Dostdlovd er al., 1994, text
reference).

H.E. Goodis: The authors have not proved that heating
by laser caused the cracks as no temperatures were
taken. Please comment.

Authors: We do not think that it is possible to carry
out an experiment that both measures temperatures and
evaluates teeth in polarized light, because it would be
necessary to install a thermocouple in the pulp cavity
with the help of a classical drilling machine. This would
cause us to observe the effect of mechanical vibration
and temperature increase on the teeth.

A.F. Paghdiwala: The authors state that ablation of
hard dental tissues with water flow was not as effective.
Since this is a significant statement that can influence
laser delivery systems, it should be mentioned that the
rate of water flow was not measured. Also, only one
energy level (200 mJ/pulse at 0.5 Hz) has been studied.
It is possible that under different rates of water flow or
different laser energy levels there might not be enough
laser energy left to cause ablation in tissues in spite of
the attenuation of the Erbium laser energy through
absorption in the water, as shown by other researchers
(Paghdiwala er al., 1993, text reference).
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Authors: Since we would like to explain the depend-
ence of the ablation of the tissues, but also of the satura-
tion of the laser system, on the focus, energy, and num-
ber of pulses, we carried out a new study which will be
presented elsewhere. We agree that the effect of the
water mist is not completely understood, but we think
that the effect 1s connected with the microexplosions and
saturation of the hard tissue during Er:YAG laser abla-
tion. We do not agree with the explanation that the dif-
ference between wet and dry preparations is due to the
absorption of energy in water because we found the
same results also at higher energy (up to 500 mJ). If
this explanation were correct, only water would be the
optimal coolant, but water absorbs the laser energy,
which makes the drilling effect insufficient.

J. Palamara: To what extent does the higher water
content in the dentine, compared to that in the enamel,
influence whether crack formation occurs at the edge of
the crater?

Authors: Micro- and macrocracks were observed, in
the absence of water cooling, in enamel but not in den-
tin. We think that this depends on the structure of the
hard dental tissue and its degree of mineralization. The
theory that the difference is due to the higher water con-
tent in dentin could well be correct. We think that the
enamel as a whole is fragile. In control specimens,
many cracks in the enamel, not only in extracted teeth
but also in situ in patients before laser treatment, were
observed.
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