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Summary. The aim of this work was a scanning electron microscopy (SEM) evaluation of the hard-
ness and morphological changes of enamel irradiated by neodymium: yttrium aluminium garnet
(Nd:YAQ) laser with different energy levels. Twenty-eight human teeth samples were divided into
4 groups: control, where enamel surface was not lased, and 3 test treated with 3 different levels of
energy power 0.6, 1.2 and 2.4 Watt, respectively. In each group, 5 samples underwent Vickers micro-
hardness test and 2 samples were processed for SEM. No significant differences between treated and
non treated samples were found by micro-hardness test. However, by SEM, test samples showed
a rougher enamel surface than control. Specifically, the 0.6 Watt treated samples showed vertical
scratches and glass-like areas, while in the other 2 groups enamel surface was covered by craters and
cracks. These findings suggest that enamel should be lased at a low energy level to preserve its integ-
rity and reduce demineralization, and thus for dental caries prevention purposes; while high energy
level creates a retentive surface suitable for sealant or composite anchorage.
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Riassunto (Variazioni della micro durezza variazioni morfologiche indotte dal laser Nd: YAG sullo
smalto dentale: uno studio in vitro). Lo scopo di questo lavoro ¢ stato quello di valutare al microsco-
pio elettronico la durezza e le variazioni morfologiche dello smalto dentale irraggiato con laser Nd:
YAG a differenti livelli di potenza. Ventotto campioni di dente umano sono stati suddivisi in quattro
gruppi: il controllo, dove la superficie dello smalto non ¢ stata sottoposta all’irraggiamento laser, e
gli altri tre gruppi di test sono stati irraggiati con tre diversi livelli di potenza, rispettivamente 0,6,
1,2 and 2,4 Watt. In ogni gruppo, cinque campioni sono stati sottoposti al test di durezza Veckers
e due sono stati utilizzati per le osservazioni al SEM. Differenze non significative al test di durezza
sono state trovate tra i campioni non trattati e quelli trattati. Al contrario, alle osservazioni al SEM i
campioni test mostrano una rugosita maggiore della superficie di quelli del controllo. In particolare i
campioni trattati a 0,6 Watt mostrano solchi verticali ed aree vetrificate, mentre negli altri due grup-
pi la superficie dello smalto appare coperta di crateri e rotture. Queste osservazioni suggeriscono che
lo smalto dovrebbe essere trattato con laser a bassa energia per preservare la sua integrita e ridurre la
demineralizzazione, ed anche per la prevenzione della carie; mentre I'irraggiamento ad alte energie
crea delle superfici di ritenzione adeguate per 'incollaggio e I’adesione di compositi.

Parole chiave: livello di potenza, microdurezza, laser Nd:YAG, microscopia elettrica a scansione.

INTRODUCTION

Dental caries is still a worldwide problem. In a study
which compared caries experience and periodontal
status between two US populations that lived a cen-
tury apart it was found that periodontal health has
improved since this population resided, over 150 years
ago; while Americans between the ages of 16 and 39
appeared to have the same prevalence of caries as a
group of individuals that lived 150 years ago [1].

Nowadays, sealing materials are gaining wide ac-
ceptance in the scientific community, though they
still present some disadvantages: contamination of

the operation field, possibility of a non uniform
and effective etching, contraction during polym-
erisation [2]. These issues have led researchers to
investigate alternative solutions (i.e. new technolo-
gies) in order to overcome these limits. Recently,
laser has been employed for the treatment of den-
tal enamel surface. Scientific literature shows that
laser treatment on enamel make it more resistant
to demineralisation and caries [3-8] by changing its
morphology through a melting and re-crystallizing
process. Anderson JR and colleagues [9] found that
laser irradiation of teeth caused a 15% reduction of
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demineralisation compared to control group, and of
25% adding acidulated phosphate fluoride (APF)
treatment [10].

Huang GF, et al. obtained, a 43% inhibition of in
vitro induced carious damages on the fissures and
an 80% reduction of the damages occurred on the
smooth surfaces of the tooth, using Nd:AG laser
and fluorine varnish treatment when compared to
control group. Moreover, it has been demonstrated
that a higher resistance to demineralisation and car-
ies could be achieved by combining the use of laser
to APF treatment or fluorine varnishes [11].

The real phenomenon that causes this effect is related
to the chemical-physical changes induced on enamel
by laser. The irradiated enamel surface is subjected to
water loss between 80 and 120 °C, to decomposition
of the small quantity of organic substance at 350 °C,
to initial loss of carbonate hydroxyapatite between
400 - 660 °C, and to enamel melting at more than 800
-1000 °C [12]. The high temperatures reached in the
superficial layers of the irradiated areas of the tooth
cause the melting of the enamel, which then re-crys-
tallizes forming hydroxyapatite crystals larger than the
initial ones [12, 13]. This phenomenon could cause a
reduction of permeability, a lower penetration of acid
inside the underneath layers, and prominent chemical
and mineral content changes [14]. Indeed, during the
heating and melting process hydroxyapatite [4, 14-16]
looses carbonate, up to a complete loss, becoming
more resistant to demineralisation. Caries starts when
the acids produced by dental plaque diffuse inside
tooth through carbohydrates metabolism, dissolving
the mineral component. Acid solubility is high for
carbonate-apatite, lower for hydroxyapatite and even
lower for fluorine-apatite. During laser irradiation, the
mineral phase of enamel changes into an initial phase
similar, but less soluble, to hydroxyapatite. The loss of
carbonate, that decreases from the surface to the inter-
nal layers, is caused by the heat produced by laser ray.
A 30% of the carbonate is lost between 400 and 600 °C
and it is completely removed only after repeated irra-
diation beyond the melting temperature of the enamel
itself (more than 800 °C). The complete removal of
the carbonate derives both from the absorption depth
of the surface and from pulse intensity and duration
[15]. According to Tagomori et al. [14], the irradiated
enamel surfaces may show different morphologic fea-
tures, always with an higher roughness in comparison
with the not treated ones, whose shape is related to
radiation intensity. By increasing radiation intensity
can be seen cracks, glazed surfaces and columns sepa-
rated by voids. Every surface alteration derives from
the melting and the subsequent re-crystallisation of
the enamel during cooling. The authors also noticed
that the observed alterations took place only in the
enamel superficial layers. By observing the tooth in a
section perpendicular to the surface, it could be no-
ticed not altered enamel crystals in the internal side
of the tooth, fused crystals in the intermediate area
and hexagonal hydroxyapatite columns, separated by
voids and micro cracks in the external side [15].

CHANGES INDUCED BY ND:YAG LASER ON DENTAL ENAMEL

The aim of this study was to evaluate the morpho-
logical and hardness variations of the enamel irradi-
ated by neodymium:yttrium aluminium garnet (Nd:
YAG) laser using different radiating energy levels.

MATERIALS AND METHODS

Twenty-eight human teeth, extracted for ortho-
dontic and periodontal reasons were analyzed in this
study. The samples were kept in physiologic solution
prior to treatment, and then they were divided into
4 groups:

- group A: control group, no treated;

- group B: lased with 60 mJ energy, 10 Hz frequen-

cy and 0.6 W power;

- group C: lased with 120 mJ energy, 10 Hz fre-

quency and 1.2 W power;

- group D: lased with 160 mJ energy, 15 Hz fre-

quency and 2.4 W power.

In groups B, C and D enamel was irradiated for 20
s by Nd:YAG laser PulseMaster 600 IQ (American
Dental Technologies, Corpus Christi, TX, Texas),
with a 1064 nm wave length, a 10 us pulse duration,
and an optic fibres transmission system. Irradiation
has been conducted by an optic fibres probe, with
a 200 um diameter, directed perpendicular to the
enamel surface of the teeth. The irradiated surface
was, in each case, about 5x5 mm? wide. Each group
was constituted by 7 teeth. Five samples per group
underwent to Vickers micro-hardness test using a
FM 700 (Future Tech) (Figure 1) micro-hardness

Fig. 1 | FM 700 microhardness tester.
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Table 1 | Vickers micro-hardness tests results

Vickers hardness (VHN, kgf/mm?)

Group A 316.80 + 16.52
Group B 290.98 + 54.25
Group C 296.81 + 20.55
Group D 306.11 + 13.41

tester under a 300 gf load applied for 15 s, in or-
der to evaluate the variations of surface hardness,
eventually caused by laser treatment at different
energy intensities. Teeth surfaces have not been in-
tentionally subjected to lapping to avoid reduction
of enamel thickness (typically 1-1.5 mm). Indeed,
the measured hardness values are considered as
reliable if the enamel minimal thickness is not 1.5
times lower than the average diagonal length of the
hardness impression produced on the sample. In
the present study hardness impressions having 40-
45 um diagonal were obtained, applying a 300 gf
load: the measured value can be considered as not
influenced by underneath dentine hardness. All the
hardness impressions that presented the two diago-
nals more than 15% different in length have been
excluded from the results.

The two remaining teeth of each group were ana-
lyzed by scanning electron microscopy (SEM) at dif-
ferent magnifications in order to observe morphologi-
cal changes induced by irradiation of enamel surface.
The specimens were coated with a 25 nm layer of gold
by vacuum evaporation Emitech K 550 (Emitech,
Ashford, Kent, UK) and placed on the storage of a
SEM (LEO 435 Vp, LEO Electron Microscopy Ltd,
Cambridge, UK) for evaluation.

As for the satistical analysis, results of Vickers mi-
cro-hardness tests were analyzed by ANOVA. Results
are presented as mean * standard deviations, and dif-
ferences at p < 0.05 were considered statistically sig-
nificant.

Fig. 2 | Group B sample: high roughness induced by laser treatment
can be observed (SEM magnification 200x ).

Fig. 3 | Photograph of the same sample showed in Figure 2
where the glazed surface of enamel can be observed (SEM mag-
nification 1.50 Kx).

RESULTS

The results of the micro-hardness tests are shown
in Table 1. No statistically significant differences
between test groups and control were found. SEM
observation showed that group B enamel samples
had a similar morphological pattern. The enamel
surface appeared ploughed by long and regular
vertical scratches, which made the surface rougher
(Figure 2). The scratches were probably due to the
sliding of optic fibre on the sample surface. The
increase of roughness could be clearly observed
in Figure 3, where the enamel surface appeared
glazed. In Group C glazed areas, cracks and cra-
ters could be observed (Figure 4). Specifically, the
irradiated enamel surface appeared mostly covered
with craters (Figure 5), probably due to an in-
crease of temperature up to the sublimation point
of the material that, during the subsequent solidi-
fication, completely changed its initial structure.

Fig. 4 | Group C sample: micro-cracks, glazed areas and craters
are present (SEM magnification 500 x ).



Fig. 5| Higher magnification view of one of the craters shown in
Figure 4 (SEM magnification 1500 x ).

Group D samples (Figure 6) showed a morphol-
ogy completely different from control (Figure 7).
Laser treatment produced a remarkable change
of enamel prisms: it altered their original shape,
size and arrangement. Thus, enamel prisms took
on a variable shape, they became larger, and as-
sumed an irregular arrangement. The melting and
the following solidification process of the enamel
produced a morphology characterized by columns
separated by voids.

DISCUSSION

Hard tissue modification by means of laser irradia-
tion is becoming popular in dentistry [17]. Efforts have
specifically been concentrated on new laser-based bi-
omedical techniques for painless, contact-free, hard
dental tissue interventions [18]. Laser has been also
proposed for preventive treatment, diagnosis of car-
ies, etching of enamel, caries removal, to debond ce-
ramic brackets [19], and, more recently, to enlarge the
root canal during the endodontic therapy [18].

Attention should be paid to several issues con-
cerning safety and efficacy of the lasing procedures.
Indeed, the laser beam has the potential to penetrate
through the tooth tissues and to affect the underly-
ing pulpal tissue as well. Both thermal and mechani-
cal effects of the interaction are definitely influenced
by the nature of the tissue target and the laser pulse
characteristics [20].

In the literature there are conflicting evidences on
the effects of laser treatment on enamel structure;
this is most probably due to the high number of vari-
ables involved in the lasing process: power, pulse fre-
quency and duration of irradiation [21]. Therefore,
the choice of the laser parameters for various ap-
plications is crucial.

In the present study those parameters have been
clearly defined. Group B samples showed a glazed sur-
face where micro-cracks were not present. Therefore,
according to our analysis, it can be suggested the use

CHANGES INDUCED BY ND:YAG LASER ON DENTAL ENAMEL

Fig. 6 | Group D sample: straight columns separated by voids can
be observed on the enamel surface (SEM magnification 15.0 Kx).

of laser with these irradiation parameters for caries
prevention, since the morphology produced by this
treatment makes enamel more resistant to caries due
to the maintenance of the original surface hardness
characteristics.

Group C samples surfaces showed deep alterations
of the enamel structure presenting cracks, glazed
areas and many craters. Group D samples, treated
with higher energy, showed long straight columns
separated by voids. These heterogeneous structures
were probably related to the not uniform intensities
produced on the surface between the central and the
peripheral areas of the laser ray. For this reason, in
the peripheral areas structures that have been de-
tected in lower energy irradiated areas were present
and in the central areas craters, expressions of a
more stressed enamel surface, were detected. Taken
together these results suggests that high energy laser
treatment could be used for conservative dentistry
since it creates a retentive surface suitable for seal-
ants or composites anchorage.

Fig. 7| Group A sample: no treated enamel can be observed (SEM
magnification 50.0 Kx).
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Previous studies revealed that both Nd:YAG and
Er:YAG lasers could be an alternative tool for en-
hancing deciduous enamel acid resistance [21]. Laser
usage in dental hard tissues as well as in carious le-
sions resulted in effective ablation without thermal
injury to the surrounding hard tissues such as car-
bonization or crack formation [22]. Similar results
were also reported with different pulse parameters
of Nd:YAG lasers. Investigators studying the abla-
tion efficiency, thermal damage and surface charac-
teristics of dentine irradiated with a nanosecond Nd:
AG laser found that the surface of the dentine had
a glazed appearance with crack formation when an
energy of 80 mJ/pulse at a 10 Hz pulse repetition rate
was used [23]. The macroscopic inspection of the ab-
lated dentine with picosecond pulses of an Nd:YAG
laser showed smoothed craters, free of thermal dam-
age but with the presence of cracks in some cases
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