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MORPHOLOGICAL CHANGES IN HARD DENTAL TISSUES PREPARED BY ER:YAG
LASER (LITETOUCH, SYNERON), CARISOLV AND ROTARY INSTRUMENTS.
A SCANNING ELECTRON MICROSCOPY EVALUATION
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Department of Operative Dentistry and Endodontics, Faculty of Dental Medicine, Medical University,
Plovdiv, Bulgaria

ABSTRACT

Aim: This in vitro investigation aimed to study by means of scanning electron microscope
the morphological changes in hard dental tissues after using several different methods for
caries removal and cavity preparation.

MATERIALS AND METHODS: Twenty freshly extracted human teeth with carious lesions were
used in the study. They were assigned to four groups depending on the method used for
preparation:

Group 1 — Cavity preparation using Er: YAG laser (LiteTouch, Syneron, Israel).

Group 2 — Chemomechanical preparation using colourless Carisolv gel (MediTeam AB,
Savedalen, Sweden).

Group 3 — Mechanical rotary preparation using diamond burs and air turbine.

Group 4 — Mechanical rotary preparation using by steel burs and micromotor.

The preparations were performed strictly according to the manufacturer’s instructions for
proper use of instruments. The teeth samples were prepared for histological study and in-
vestigated by a scanning electron microscope at different magnification; the morphological
changes in the tissues were registered and compared.

REesuLts: There were considerable differences in the surface characteristics of the dental
tissues when we analysed the photomicrographs of the specimens obtained using scanning
electron microscopy (SEM). The surface after laser treatment remained highly retentive
with no residual smear layer; the second best results in this respect were registered when
teeth were chemomechanically excavated with Carisolv gel. The mechanical methods of
cavity preparation resulted in surfaces with a smear layer of dentin without any microre-
tentions.

Concrusion: The scanning electron microscopy of hard dental tissues prepared using steel
and diamond burs showed surfaces covered with a thick smear layer that may be relevant
to the subsequent bonding of adhesive restorative materials to the prepared cavity. In pre-
paring the surface using a turbine with diamond burs the smear layer was thinner and part
of the dentinal tubules orifices were open in the area of water turbulence.

SEM analysis of hard dental tissues prepared with the help of colourless Carisolv gel
showed a rough, retentive surface, some of the dentinal tubule lumens obstructed by dena-
turated collagen and surface contaminants.

The teeth surfaces prepared with Er:YAG laser Lite Touch (Syneron) remained without
smear layer and clearly exposed dentinal tubules orifices. The surfaces were highly reten-
tive.
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INTRODUCTION

In recent years, prevention and early caries detec-
tion, as well as changes in the understanding of
chemical and biological basis of demineralization
process in hard dental tissue and possibilities cari-
ous lesion to undergo remineralization supersede
the classical operative approach of caries treatment
postulated by G. V. Black and promoted minimally
invasive preparation (MIP). The main categories
of MIP techniques include rotary handpieces and
burs, chemo-mechanical cleaning with Carisolv
gel, air abrasion and dental lasers.!> These trends
for the replacement of the conventional method of
preparation led to focus the attention of researchers
on the impact of alternative techniques for MIP on
hard dental tissues and underlying dental pulp. MIP
techniques claim to be able to achieve controlled
removal of infected and softened dentin while
preserving healthy the hard dental tissues and do
it with minimal discomfort for the patient. How-
ever, currently available data provide contradictory
evidence for the impact of alternative techniques
of MIP on hard dental tissues compared to con-
ventional preparation. Possible reasons for this are
the variety of experimental studies and difficulties
to standardize the results of clinical researches.
It is worth noting that the researchers giving the
most positive evaluation of the alternative methods
of preparation (Carisolv, laser) use mainly clinical
criteria for evaluation (perception and tolerance
of the patient, noise, atraumatic work, color and
texture of the dentine when probing, etc) which
are all rather subjective. New improved versions
of alternative systems for preparation have been
made available on the market claiming to be highly
clinically efficient, but there is still little information
about them (the modified Carisolv colourless gel,
multi-frequency high-energy lasers, air-abrasion).
This makes it necessary that research in this rapidly
developing, promising field of dentistry should be
periodically updated.

A Scanning Electron Microscopy Evaluation

The objective of the present in vitro study was
to evaluate by SEM the ultrastructural changes in
hard dental tissues treated with several alternative
systems for caries removal and preparation: Er: YAG
laser (LiteTouch), chemomechanical preparation with
Carisolv gel, conventional preparation with diamond
burs/air turbine and steel burs/micromotor.

MATERIALS AND METHODS

Experimental design: the study used 20 human teeth
freshly extracted because of advanced periodontal
disease. The preparations involved natural carious
lesions on tooth surface (Fig. 1. a, b, ¢).

According to the preparation technique the teeth
were divided into 4 groups of 5 teeth (n = 5):

Group 1. Laser preparation by Er: YAG laser
(LiteTouch, Syneron, Israel) (Fig. 2 a, b, ¢)

Group 2. Chemomechanical preparation with
Carisolv colorless gel (MediTeam AB, Savedalen,
Sweden) (Fig. 3 a, b, ¢)

Group 3. Mechanical rotary preparation by
diamond burs/air turbine)

Group 4. Mechanical rotary preparation by steel
burs/micromotor)

Preparations are made strictly according to
manufacturer’s instructions for service.

The removal of caries is proved by clinical
methods — observation and probing. After prepa-
ration the teeth are immersed for 1 hour in 4%
buffered fixative solution of glutaraldehyde (0.075
M, pH 7.3). Then they are rinsed in distilled wa-
ter and placed for 90 min in cold buffer solution
ofsodium cacodylate (0.02M, pH 7.2, 660 mOsm)
for fixation of organic matter. Subsequent dehydra-
tion is carried out in ethanol in ascending series
of 30, 50, 70, 80, 95 and 100% for one hour in
each series, the drying of the teeth based on CPD
(Critical Point Drier) method in a desiccator. The
dried specimens are mounted on a metal stand and
gold-coated (200-250 nm) by cathode atomization
under vacuum. Scanning microscopy is performed

Figure 1 a, b, ¢. Extracted teeth with carious lesions.
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Figure 2 a, b, c. Laser preparation with Er: YAG laser LiteTouch (Syneron, Israel)
“Hard tissue mode” (400mJ/20Hz; 8.00W)

Figure 3 a, b, ¢. Chemomechanical preparation with Carisolv colorless gel and hand excavators.

with the electron microscope of Philips (Holland)
515 model SEM with accelerating voltage of 25
kV in secondary emission mode. For each specimen
we made five photographs with the same magni-
fication (x 2000) of randomly chosen areas and
different numbers of photos at a different degree
of magnification.

On the SEM photomicrographs we evaluated,
described and compared the morphological findings
and differences in the enamel and dentin tissues
after treating the teeth using alternative methods
for caries removal and cavity preparation.

RESULTS

When analyzing the SEM photomicrographs of the
specimens examined, it is found that the conventional
method of cavity preparation with steel burs and
micromotors at low speed without water cooling
(group 4) results in contaminated surface covered
with smear layer of dentin debris without visible
dentinal tubules orifices (Figs 4a, 4b). Thick smear
layer covers all treated surfaces. The walls of the
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cavities are smooth and rounded and the border
between enamel and dentin is hardly noticeable.

In group 3 (preparation with diamond burs, air
turbine and water cooling) a thin, smooth and in
some places missing smear layer was observed
(Fig. 5a). In the area of water turbulence there
were patent dentinal tubules orifices, but without
having a clear outline of both tubules lumens and
peri- and inter-tubular dentin (Fig. 5b). The bound-
ary between enamel and dentin is unclear and the
cavity forms have smooth contours.

The dental surface topography after chemome-
chanical preparation with Carisolv gel (group 2)
was clearly rougher compared with that of groups 1
and 2, the dentinal tubules orifices are visible and
there is almost no smear layer (Fig. 6a). Preparing
the organic matrix using chemomechanical prepara-
tion with Carisolv and protecting mineralized dental
tissue at the same time result in rough appearance
of the treated surfaces and considerable microreten-
tion development (Figs 6b, 6¢). Denatured collagen
fibers and surface contaminations occur in some
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Figure 4 a, b. SEM photomicrographs of tooth surfaces prepared with steel burs. The surface is covered with a
layer of debris, dentinal tubules orifices are not visible. (x 500, 2000)

Figure 5 a, b. A smooth, thin smear layer covers tooth surfaces prepared with diamond burs and air turbine. In
the area of water turbulence partially removed contaminants and single dentinal tubules lumens were observed.
(x 500, 2000).

places, blocking the dentinal tubules orifices (Fig.
6d). Cavity forms in Carisolv group follow the
initial caries lesions forms without going beyond
their boundaries.
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Cavity forms prepared with Er:YAG laser
(Group 1) are characterized by a lack of definite and
precise geometric configuration and outlined cavity
elements (Fig. 7a). There is rough and irregular
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