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sorption of infra-red energy at 2.9 microns is almost ten 
times that at 10.6 microns, the wavelength of the CO

2 
laser. 

On account of this high absorption of erbium laser 
energy in the hydrous content of enamel, it may be hypo­
thesised that the initial effect of an erbium laser exposure 
on enamel is to vaporize the hydrous interprismatic matrix, 
leading to a loosening and disruption of the enamel rods. 
As the laser exposure continues and more energy is 
deposited at the target site, a portion of the laser energy 
brings about melting and vaporization of the inorganic 
component of enamel, resulting in cavitation. As the high­
pressure vapor tries to escape out of the cavity, it ejects 
some of the loosened, disrupted enamel rods even before 
they reach their melting temperature. This forceful expel­
ling of the dislodged, unmolten rods, referred to as micro­
explosions[l2, 9], may be a very important factor account­
ing for the more favorable behavior of the erbium laser on 
dental enamel. A rapid repetition of the concurrent process­
es of vaporization of the organic matrix, melting and 
vaporization of some rods and ejection of other rods results 
in deeper penetration of the drilling process at lower laser 
energy levels, which in tum diminish temperature eleva­
tions, charring and cracking. Keller and Hibst[12] and 
Hoke et al[9] have proposed that enamel and dentin are 
removed by the erbium: Y AG laser by water vaporization 
and micro-explosions, without any melting of inorganic tis­
sues. However, microscopically, we have detected areas of 
smooth, glistening inorganic material around the periphery 
of some of the holes and feel that these areas represented 
molten enamel and dentin that recondensed around the hole 
margins while being expelled from the cavity. The water 
content of enamel (2.5 % ) may not be sufficient to create 
vapor pressure high enough to cause microexplosions 
without some melting and vaporization of the inorganic 
component. In dentin, the water content (13.5%) may 
produce vapor pressure strong enough to cause micro­
explosions even at low energy levels that are not capable of 
melting and vaporizing the inorganic elements. 

Since the 2.94 micron erbium laser energy is very 
strongly absorbed in water, when a constant water flow is 
maintained on the tooth during laser exposure, it is possible 
that a portion of the erbium energy is absorbed by the 
water, thereby attenuating the energy reaching the tooth. At 
the same time, vaporization of the water at the target site 
can result in heat loss, accounting for the lower temper­
ature rise noticed. Also, as the water vapor tries to escape 
out of the lased area, it can facilitate the expelling of the 
ablated inorganic tissue particles, increasing the efficiency 
of cutting. 

Further investigations are needed of the rate and 
temperature of the water flow, the effect of longer expo­
sure periods and of varying the pulse repetition rates, and 
of the effect of Er: Y AG laser on carious enamel and 
dentin. An adequate delivery system also has to be develop­
ed. While the Nd:YAG and Argon laser energies can be 
easily transmitted through silica fibers and the CO2 through 
a hollow wave-guide, lack of a practical delivery system 
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for the Er: Y AG energy is a major drawback to clinical 
application. Zirconium fluoride fibers have been shown to 
be capable of transmitting erbium laser energy at levels 
found in this study to be adequate for hard tissue use; 
however, they are very brittle and deteriorate rapidly. 
Unless they are improved, an articulated arm, with mirrors 
and a focusing handpiece, may be the best approach to 
deliver the laser intra-orally. One of the main applications 
clinically would be in operative dentistry, for cavity 
preparations. The Nd: Y AG laser has been shown to 
selectively evaporate carious tooth tissue, but it has not 
been shown to be effective on sound, non-carious tissue 
and so the dentist would still have to utilize the convent­
ional drills for the cavity margins that will be placed in 
sound enamel and dentin. The erbium laser could prepare 
cavity margins, it could be used to cut tooth tissue to obtain 
access to the pulp chamber to initiate endodontic therapy 
and also to excise the roots of endodontically treated teeth 
in root resection procedures[20]. 

When sound hard dental tissues are exposed to pulsed 
Erbium: Y AG laser radiation, there is a significant dif­
ference in the resulting changes when a water flow is main­
tained on the teeth during the laser exposure. On dry teeth, 
temperature elevations exceeded the 5'C threshold for pulp 
injury after only 3 sec. at 1. lW. Since most operative 
procedures involving drilling of intact enamel in vital teeth 
would be for longer exposure times than those studied, 
power levels above lW should never be employed, espec­
ially on dry teeth, without a water flow. 

In sharp contrast, the presence of water diminished the 
temperature elevations and improved the ablation ef­
ficiency, and fine, clean holes, free of charring and 
cracking could be produced using 50 ml/pulse. The depths 
of such holes after 1 sec. were 0.46 mm., and if the laser 
beam would be moved over the tooth surface, a succession 
of such precise holes drilled could allow adequate cavity 
preparations. More studies, with longer exposure times, are 
needed, but the incorporation of a water flow on the teeth 
is strongly emphasised. 
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Editor's Note: All of the reviewer's concerns were 
appropriately addressed by text changes, hence there 
is no Discussion with Reviewers. 


