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In the modern clinic dental practice, laser technique 
is proposed as alternative tool to the traditional me-
chanical rotary instruments for teeth treatment (re-
moval of caries tissues and preparation of cavities for 
restorations). Laser acts on dental substrate by ther-
momechanical ablation – vaporization of the substrate 
water accompanied by micro-explosions causing ejec-
tion of inorganic (hydroxyapatite – Ca10(PO4)6(OH)2 
containing also Na, K, Mg, Al, Si, Zn, F, Cl as minor 
elements) and organic materials. In some cases, com-
monly related to an extraordinary power and frequency 
of laser in combination with an inappropriate cooling 
of the irradiated place, the laser thermal treatment can 
cause several side effects in the human teeth as melt-
ing, carbonization, the creation of cracks in the sur-
rounding tissues and an increase in the pulpal tempera-
ture. All these problems are subject of detailed studies 
and discussions in numerous recent papers (Delfino 
et al., 2006; Lee et al., 2003; Moshonov et al., 2005; 
Bachmann et al., 2004). Much less is known about the 
neo-phase formation during the laser irradiation of 
dental tissues. 

The goal of the present report is to investigate the 
morphology and chemical composition of phases formed 
during Er:YAG laser irradiation of human teeth without 
cooling (without water spray) at 500 mJ/pulse and pulse 
frequency of 10 pps. For the purpose series of extracted 
permanent teeth after laser treatment were coated with 
gold and studied by scanning electron microscopy at 
25 kV (Philips SEM515) and electron probe micro-
analysis at 20 kV (Philips SEM515-WEDAX-3A). 

Results and discussion
In our experiments, the Er:YAG laser produced 
cavities were prepared in the cingulum part of tooth 
crowns. The cavities are with round shape and diam-
eter of 3 mm affecting enamel and dentine to depth 
of about 1 mm below the enamel-dentin boundary. 
Although the internal surfaces of the resulted cavities 
are not smooth and contain round craters in the enamel 
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(as noted also by other authors for laser treated hu-
man and animal teeth, e.g. Moshonov et al., 2005), the 
dentinal tubules are well exposed without smear lay-
ers and secondary products related to laser treatment. 
During the present study, no serious side effects of the 
laser irradiation were identified in the dentine except-
ing rare cracks and glassy droplets with size of 3–4 µm 
and Ca-P-O composition (Ca/P ratio was not exactly 
specified) occasionally distributed on the surface of 
the exposed dentine. The laser irradiation effects on 
the enamel are more pronounced and more variable 
including: 

– enamel melting and formation of glassy mantle 
covering the enamel prisms; 

– apatite recrystallization (neo-formation of 
apatite); 

– formation (condensation from gaseous-sublimat-
ed phase) of glassy droplets of different in size and 
chemical composition; 

– crystallization of neo-phases with composition 
differing from the Ca–P–O system. 

The areas of enamel melting with well developed de-
gasation channels covering the enamel prisms (Fig. 1a) 
are widely distributed as islands in the whole interval 
of the irradiated enamel – from their upper non-irra-
diated parts to the boundary with the dentine. Similar 
pictures of enamel melting have been observed also 
by other authors (Moshonov et al., 2005; Lee et al., 
2003). In the upper parts of the glassy mantles are 
found nanosized 500–700 nm spheres (droplets) with 
predominant Al2O3 composition (Fig. 2а). In the deeper 
parts of the irradiated enamel, clusters of 10–12 μm size 
consisting of microspheres with diameter of 3–4 μm 
(Fig. 1b) and predominant SiO2 composition (Fig. 2b) 
are found among the enamel prisms. Beside the glassy 
material, the melted enamel mantles contain also ar-
eas of distinct apatite recrystallization (Fig. 1c): the 
neo-formed apatite crystals are with length to 8 μm 
and width to 1μm (Fig. 1c, d). The neo-formed apatite 
shows much higher concentration of K and Al (Fig. 2c) 
than those in the hydroxyapatite from the non-radiated 
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Fig. 1. SEM photomicrographs of enamel 
surface after Er:YAG laser irradiation without 
water cooling: а, areas of enamel melting with 
well developed degasation channels; b, clusters 
of microdroplets with silica composition among 
enamel prisms; c, melted mantle with neo-
formed apatite crystals and degasation bubbles; 
d, neo-formed apatite crystals; e, needle-like 
crystals of К2SО4 among neo-formed apatite
original magnification: a, x 4545; b, x 2045; 
c, x 1250; d, x 2500; e, x 10 000

enamel (Fig. 2d). Among the neo-formed apatite aggregates and mantle 
are situated evaporation cavities, Ca- phosphate droplets (3–4 μm) and 
rarely star-like intergrowth of needle crystals with predominant K and 
S composition (Fig. 1e). 

Conclusions
During the performed investigation of Er:YAG laser irradiated human 
teeth without cooling is found that: 

– the side effects of the laser irradiation are more pronounced in the 
tooth enamel and hardly identified in the dentine; 

– although the predominant part of the observed side effects of the 
laser irradiated enamel (melted enamel, glassy droplets, recrystallized 
apatite) are directly related to the initial dental hydroxyapatite and its 
major components – CaO and P2O5, the observed droplets of predomi-
nant Al or Si composition as well as the neo-crystals of K and S suggest 
that during the laser treatment some minor elements of the initial dental 
apatite can be fractionated and segregated; some similarities to this pro-
cess can be seen also in the increase of K and Al in the composition of 
neo-formed apatite; all these chemical changes need the further detailed 
investigation;

– the major result of the laser treatment of dentin is total ablation of 
its material that ensures good exposing of dentinal tubules not covered 
by smear layers; the attained ablation effect can be related to the intrin-
sic low density, high porosity and essential water content of the dentin 
especially as compared the enamel which favor the total laser ablation 
of the material; the latter is in accordance with the fact that the wave-
length 2.94 µm typical for Er:YAG laser is highly absorbed by water. 
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Fig. 2. Energy dispersive spectra (EDS) of: а, Al2O3 globules among the mantle of enamel 
melting; b, SiO2 droplets among enamel prisms; c, neo-formed apatite crystals with increased 
contents of К and Al; d, intact enamel prisms




