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Este trabalho visa investigar a possibilidade de usar um laser de h�olmio em preven�c~ao de
c�aries. Foram observadas mudan�cas nas propriedades f��sicas de esmalte dental atrav�es de
medidas de microdureza e an�alise de concentra�c~ao relativa de �atomos de c�alcio e f�osforo,
ap�os desmineraliza�c~ao �acida de esmalte. Foi observado aumento de microdureza, aumento
na incorpora�c~ao de 
�uor no esmalte, e ainda uma menor perda de c�alcio quando o esmalte
�e submetido a um ataque �acido. Estes fatores indicam que o laser de h�olmio pode ser �util
como coadjuvante na preven�c~ao de c�aries.

The aim of this work was to investigate the possibility of using a holmium laser for pre-
ventions of dental caries. Changes in physical properties of dental enamel were observed by
measuring microhardness, analyzing the relative concentration of calcium and phosphorous
atoms after acid demineralization of enamel. It was observed increase in enamel microhard-
ness, increase in enamel 
uoride uptake, and a lower lost of calcium when samples were acid
exposed, indicating that holmium laser can be useful for prevention of caries.

Introduction

Bene�ts of holmium laser in dentistry are mainly

associated with its wavelength emission, absorbed into

water with shallow depth of tissue penetration. The

use of laser irradiation in prevention of dental caries

was �rst indicated by Stern et. al. [1] in 1972. Sev-

eral investigators proposed mechanism for this e�ect

[7] in which a decreased enamel permeability and de-

creased solubility of enamel resulting from an alteration

in composition of the mineral phase [2,3,4]. A positive

combination between laser irradiation and treatment

of enamel with 
uoride, dodecylamine HCI (DAC), or

ethane- I-hydroxy- 1, I-diphosphonic acid (EHDP) was

measured by Fox et al.[5,6], where specimens had com-

plete dissolution inhibition when exposed for 5 min., in

0,1 M acetate bu�er (pH 4.5) containing no calcium or

phosphate common ions. However the extent of the ef-

fectiveness of laser irradiation in those studies is limited

to a very thin surface layer ( 1 �m) and a partial trans-

formation of dissolution behavior throughout a thicker

zone on the order of tenths of microns.

The aim of our group is to investigate the possibility

of using a holmium laser, to change physical properties

of enamel, measuring changes in microhardness, that

can improve resistance against enamel demineralization

caused by cariogenic bacteria. This can be possible be-

cause the emission in 2 �m penetrates deeper in enamel

than the radiation of those lasers most frequently re-

lated in the literature.

Materials and Methods

Premolar teeth were sectioned longitudinally in or-

der to separate sections of enamel. These sections were

then embedded under pressure in resin. Samples were

light polished to assure plane surface for irradiation,

cleaned under ultrasound and divided in four groups:

I - control, attacked with 075 M perchloric acid for

10 minutes, II - coated for 10 minutes with acidulated

phosphate 
uoride APF (2% NaF, 0,68 M H3PO4, pH
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5.3), III - laser irradiated and IV - APF for 10 min. and

laser irradiated.

X-ray Fluorescence Spectrometer (Rigaku RIX

3000, Japan) was used to measure the calcium and

phosphorous contents before demineralization and ir-

radiation. Samples were irradiated with a prototype of

holmium laser developed at IPEN for biomedical ap-

plications. This is an Er:Tm:Ho:YLF4 laser, emitting

at � = 2,065 �m, with 500 mJ/pulse, 250�s of pulse

width, one pulse per position with a focus diameter of

0,2 mm. The samples were automatically moved by a

step motor.

All groups, except group I, were demineralized when

0.5 M perchloric acid was used for 10 minutes. In order

to measure the microhardness a di�erent group (V) was

irradiated with the late conditions, and another group

(VI) was used as the control. Samples were cut in par-

allel with the direction of irradiation, and perpendicu-

lar to teeth axis, then lapped and polished using 3 �m

alumina. Rhodamina 6G in 1% of ethanol was used

to evidence irradiated areas. Hardness measurements

were carried out using a HMW-2000 (Shimatsu-Japan)

to obtain the Knoop Hardness Number (KHN), that

is proportional to the loading mass in grams used to

make an indentation, times the length of indentation.

Loading time was 40 s.

Figure 1. Conditions of hardness measurements

Results

Table 01 shows the relative concentrations in the four groups:

It was observed that there was much less deminer-

alization in group IV than in group I and a signi�cant


uoride uptake in group IV. The mean value for KHN

of enamel in irradiated group V was 381.7 KHN (stan-

dard deviation 66.5) and 268 KHN (standard deviation

9.79) for the control group VI. At the level of 0.05 the

obtained averages are signi�cantly di�erent using the

single factor randomized ANOVA test.

Discussion

Enamel and dentin contain about 90% and 69% of

inorganic components like carbonate hydroxyapatite.

The literature shows thermal induced structural and

chemical changes in accordance to temperature ranges

[8,9]: 1) 100�C to 650�C loss of water and carbonate,

rearrangement of phosphate and hydroxide ions, for-

mation of pyrophosphate from hydrogenophosphates,

and decomposition and denaturation of proteins occurs.

This reduces the hydroxyapatite dissolution [8]. 2) be-

tween 650�C and 1100�C, recrystalization and crys-

tal growth of �-Ca3(PO4)2 occurs, hydroxide decrease,

and a loss of water and carbonate take place in tooth

enamel, 3) above 1100�, �-Ca3(PO4)2 is converted

into �-Ca3(PO4)2, modifying the crystalline structure.

It may actually increase the susceptibility of dental



Revista de F��sica Aplicada e Instrumenta�c~ao, Vol.13, no. 2, junho, 1998 23

enamel to acid dissolution because the �-Ca3(PO4)2

phase formed at high temperatures is more soluble than

hydroxyapatite [8,9].

Conclusion

It was observed an increase in enamel microhard-

ness, an increase in enamel 
uoride uptake, and a lower

decrease of calcium when samples were acid exposed

indicating that the holmium laser can be useful for pre-

vention of caries.
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