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Introduction

Although declining, dental caries are still the most 
prevalent disease during childhood and adolescence. 
Among artificial methods for the protection of  
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Purpose: To evaluate the effects of high-power diode laser irradiation on enamel microhardness and to establish the best laser parameter settings in order to 
achieve an effective increase of microhardness. Materials and methods: 36 human single and multi-rooted teeth were used in this study. The roots were 
removed and the crowns were sectioned longitudinally in two halves, one representing the experimental sample and one the control sample. The samples were 
embedded in acrylic resin using cylindrical conformators in horizontal position leaving the flat surface outside. The flat surface of the experimental samples was 
irradiated using a 980 nm diode laser with an optical fiber diameter of 220 micrometers. The following parameters were used: power, ranging from 0.5 to 3 W; 
pulse width, ranging from 0.01 to 0.04 sec; exposure time of 5 seconds, resting time, ranging from 0.01 to 0.04 sec. Each microhardness measurement was 
performed three times on each sample. The enamel microhardness was measured using the Vickers method. The results were analyzed statistically using the 
MINITAB statistical software. Results: The statistical analysis demonstrated an increase of enamel microhardness in the experimental group, compared with 
the control group (p < 0.005) when using low energy densities. Moreover, the mathematical modeling allowed enamel microhardness computation when the 
parameters of the running system were known. Conclusion: The high-power diode laser is effective for increasing the enamel microhardness, preventing the 
occurrence of dental caries.
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Scop: Evaluarea efectelor iradierii cu dioda laser GaAlAs 980 nm de putere energetic\ ridicat\ asupra microdurit\]ii smal]ului [i stabilirea parametrilor laser, 
pentru a ob]ine o cre[tere eficient\ a microdurit\]ii. Material [i metode: n acest studiu au fost utiliza]i 36 de din]i umani mono- [i pluriradiculari. R\d\cinile 
au fost ndep\rtate, iar coroanele au fost sec]ionate longitudinal, n dou\ jum\t\]i, una reprezentnd proba experimental\, iar cealalt\ proba de control. Probele 
au fost nglobate n r\[in\ acrilic\, utiliznd conformatoare cilindrice n pozi]ie orizontal\, cu suprafa]a plan\ liber\ spre exterior. Suprafa]a plan\ expus\ a fost 
iradiat\ cu o diod\ laser 980 nm, utiliznd o fibr\ optic\ cu diametrul de 220 micrometri. Au fost utiliza]i urm\torii parametrii: puterea - ntre 0,5 [i 3 W; durata 
impulsului ntre 0,01 [i 0,04 sec; timp de expunere 5 sec; timpul ntre expuneri 0,01 [i 0,04 sec. Fiecare m\surare a microdurit\]ii a fost realizat\ de trei ori pentru 
fiecare prob\. Microduritatea smal]ului a fost m\surat\ utiliznd metoda Vickers. Rezultatele au fost analizate statistic, folosind programul de analiz\ statistic\ 
MINITAB. Rezultate: Analiza statistic\ a demonstrat o cre[tere a microdurit\]ii smal]ului la nivelul grupului experimental n compara]ie cu grupul de control 
(p < 0,005), cnd au fost utilizate intensit\]i energetice joase. n plus, modelarea matematic\ a permis analiza computerizat\ a microdurit\]ii smal]ului, cnd au 
fost cunoscu]i parametrii de lucru ai sistemului. Concluzii: Dioda laser de putere energetic\ ridicat\ are drept efect cre[terea microdurit\]ii smal]ului, prevenind 
astfel inciden]a apari]iei cariei dentare.
Cuvinte cheie: microduritatea smal]ului, diod\ laser, carii dentare

dental structures, lasers have been tested in order 
to improve dental enamel properties under acidic 
conditions. Enamel microhardness seems to be related 
to enamel mineral content and plays a role in enamel 
demineralization inhibition.1-4

The aim of  our study was to evaluate the effects 
of  high-power 980 nm diode laser irradiation on 
enamel microhardness and to establish the best laser 
parameter settings in order to achieve an effective 
increase of  microhardness.

Materials and Methods

36 single and multi-rooted teeth were used in this 
study. The roots were removed and the crowns were 
sectioned longitudinally in two halves with a diamond 
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disc and under water cooling, one representing the 
experimental sample and one the control sample. 
The samples were embedded in acrylic resin using 
cylindrical conformators in horizontal position leaving 
the flat surface outside. The samples were ground wet 
to achieve a flat enamel surface using 600, 1000, 1200 
grit silicon carbide paper and then polished with 0.2 
and 0.05 microns alumina slurry. (Fig. 1) 

Figure 1. The sample preparation for measuring the enamel microhardness.

The samples were kept in distilled water at room 
temperature before they were tested the same day. The 
flat surface of  the experimental samples was irradiated 
using a 980 nm diode laser with an optical fiber 
diameter of  220 micrometers. (Figs. 2,3) 

Figure 2. The laser device used.

Figure 3. The sample irradiation procedure.

The following parameters were used: power, ranging 
from 0.5 to 3 W; pulse width, ranging from 0.01 to 0.04 

sec; resting time, ranging from 0.01 to 0.04 sec; exposure 
time of  5 seconds. Each microhardness testing was 
replied three times on each sample. (Fig. 4) The enamel 
microhardness was measured using the Vickers method. 
(Fig. 5) The results were analyzed statistically using the 
MINITAB statistical software. (Table 1)

Figure 4. Microscopic view of the sample surface prepared for enamel 
microhardness testing  (200X).

Figure 5. The devices used for measuring the enamel microhardness.

Figure 6. The results of the one-way ANOVA statistical analysis (p < 0.005).

Figure 7. Boxplot representation of the results of the statistical analysis 
(means are represented by solid circles).
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Table 1. The results of the enamel microhardness measurements (hv 0.1).

Results

The statistical analysis demonstrated a micro-
hardness increase of  enamel microhardness compared 
with the control group (p < 0.005). (Figs. 6,7) However, 
in some cases, the results indicated a reduction of  the 
enamel microhardness of  the experimental samples as 
compared to the controls.

Discussions

When treating the enamel of  human extracted teeth 
with laser, important morphological alterations can

occur.2,4 These alterations have been related to some 
changes of  a different nature that have been defined 
by some authors as change in the mineral composition, 
decrease in the organic matter, or structural 
reorganization of  the hydroxyapatite crystals. The 
effect generated can usually be considered as a surface 
microfusion of  the enamel, and it depends on the total 
energy absorbed. On the other hand, the conditions of  
application must allow maximum energy absorption in 
minimal time, in order to prevent any thermal damage 
to the soft tissues. Previous studies have demonstrated 
the ability of  CO2 and Nd:YAG lasers to increase 
enamel microhardness.3,5-7 So far, no published data 
are available concerning the effect of  980nm high-
power diode laser on enamel microhardness. Based on 
the present study’s results, further research is required 
on teeth with approximately the same degree of  
mineralization.

Conclusions

The results of  the present in vitro study emphasize 
the effectiveness of  high-power diode laser in increasing 
enamel microhardness, thus reducing the occurrence 
of  dental caries. Moreover, the results suggest that the 
best micorhardness is achieved when using low energy 
densities.
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