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SUMARY 

This study determined the effect on demineralization 

.,resistance in enamel using x-ray fluorescence and SEM as 

.a function of pulsed Nd:YAG laser irradiation, fluoride 

treatment and the Sauutans culture media. In the first 

part of experiments sixteen third molars were divided in 

• four groups, each one receiving different treatment: 1) 

perchloric acid (HC104); 2) acidulated phosphate fluo-
ride (APE) + HCI04; 3) Nd:YAG laser irradiation (ti() 

fn.), 25 Hz, 99.5 J/c111') + APF + HCI04; 4) Nd:YAG 
laser (80 inJ, 25 Hz. , 99.5 J/cm2)+ HC104. Calcium, phos-

phorous and fluoride concentration were analysed before 

(control) and after the treatment using X-ray fluores-

cence. 

In the second phase of die experiment forty two 

teeth, third molars and premolars, were divided in two 

groups that remained in the S. mutans culture media for 

15 days and 21 days, respectively. Teeth were divided in 

other three gmups, in a total of six groups, that received 

pulsed Nd:YAG laser irradiation at these parameters: I) 

67 1111;15 Hz; 83.75 //cm', II) 133 lid; 15 Hz; 166.25 

J/citt' and Ill) 150 111); 20 Hz; 187.50 J/cin'. The mor-

phological changes were observed using SEM. 

Melting and recristalization of the enamel surface 

were observed by SEM from all laser treatment. X-

ray fluorescence analysis demonstrated increase in 

acid resistance of the enamel surface when treated 

with Nd:YAG laser + APE No cavitation and parcial 
melting were observed from all the Nd:YAG laser 

irradiated surfaces submeted to S. mutans culture 

media which can be related to a decrease in the acid 
...solubility of the enamel. 

INTRODUCTION 

With .tlie advent and development of' new techniques, 

Preventive 1)entistry is being seen as a new light, open- 

ing the wIty for new method, that will come not just to 

increment the action of fluoride, but also to act on the. 

resistance of tooth enamel demineralization. 

Consequently, the laser has come to represent a promis-

ing alternative concerning Preventive Dentistry. Because 

of their thermic effect, some high-powered lasers could 

promote fusion and recrystalization of the enamel, caus-

ing alterations in its permeability and solubility. It can act 

at the early tooth enamel demineralization contributing 

to die prevention of. the tooth decay process as well. 

really confirm the efficiency of these methods, it 

becomes necessary to carry out a considerable amount of 

research based on qualitative and quantitative analyses of 

samples treated first "in vitro" so they can later be 

analysed "in vivo".The first part of this work analysed the 

results obtained "in vitro" with di(' application of 

Nd:YAG laser, with and without the application of APF 

(acidulated phosphate fluoride) through a quantitative 

analysis of the elements calcium, phosphorous and fluo-

ride.The second part of this study determined the effect 

Oli retiltitaliCC ill enamel as a function of Nd:YAG 

laser irradiation and the action of acid produced by 

Streptococcus intitans fbr 15 and 21 days on the enamel 

surface. 

MATERIALS AND METHODS 

The NILI:YAG laser emitting a wavelength of 1.064 pm 

(1(1 to 100 Hz, Lip to 320 mj, 100 - Pulse Master 1000 

American Dental Technology-USA) was used with an 

energy of 80 inj, 25 Hz 2.5W and energy density of 99.5 

J/cin2. Glazing the surface of the specimen with a initia-

tor (nankin) increased its absorption and the effect of 

laser. Using a 301) min fibre, 16 enamel specimens includ-

ed acrilic resin were subjected to four different condi-

tions: I) four specimens were co,ited with acidulated 

phosphate fluoride API' (2'X 0.68 M 1-12PO4; pH 

5.3) for 10 minutes, after laser irradiation; 2) laser irradi-

ation; 3) coated with API' for II) minutes; 4) subjection 

c( 
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t6 an attack of 0.5 M perchloric acid for 10 minutes.  
Consequently the samples were attacked with the per-
chlorië acid for 10 minutes (except the ones from group  
4 which had been previously treated) and the concentra-
tions Of Ca  (calcium), P (phosphorous) and F (fluoride)  
were analysed to determine the level of demineralisation  
caused: All the specimens were analysed by X-ray fluo-
rescence technique prior to and after the treatment.  

The exposure time to the fluoride and the acid were  
determined in a pilot study based on the sensitivity level  
of the evaluation equipment used.  

A second part of this study was carried on in order  
to complement and assure the Nd:YAG laser effects con-
cerning the prevention of dental tooth decay. At this time  
a _0.32 mm fiber optic of a Nd:YAG laser-d lase 300-
Anierican Dental Laser-USA was used with three differ-
ent parameters as follows: I)1.0W; 15 Hz; 67 inJ; 83.75  
J/cinZ;II) 2.0W; 15 Hz; 133 mJ;166.25 J/cm 2 ; III) 3.0W;  
20 Hi; 150 mJ; 187.5 J/cmZ. They were observed using  
scanning electron microscopy(Phillips LX 30, Eindhover,  

• 

bI5CUSSÏON  
Varigtis authórs such as Yamamoto & Ooya"', 1974;  
Yamamoto & Sato11,1980; Morioka & Tagomori 5,  
1988; Tagomori & Morioka', 1989; Kwnasaki et al.',  
1993, have been studying the effect of laser irradiation in  
the field of tooth decay prevention, with and without the  
application of fluoride, after laser irradiation.  

The •inhibition of demineralisation in enamel, pro-. 
nioted by sóme lasers, is believed to be caused' by the  
forming of a surface more resistant to tooth decay lesions  
through the modifications in the crystalline structure  
(Sognnaes & Stern', 1965; Yamamoto & Ooya'", 1974;  
Shirazuka et al.', 1990; Arcoria et al.', 1993; Featherstone  
et al.', 1995). The results indicate a bigger absorption of  

the, fluoride by the enamel surface, and the consequent  
alteration of the sub-surface; enabling an even bigger  

contribution to the preventive effect of it.  
Yamamoto & Ooya'", in 1974, analysed the effect of  

the Nd:YAG laser on the enamel permeability when  
culture: media,u and they observed that when 

. .̂. , ,t. 	_Yc ^ i ;15p 	F 	2 ' 	i 7 1 P1 ' l i1  
energ uensi¿yop 20. /cm , demmèn' u rzatib  

a 	uncl On the eiaihel surfaces, in contrast to{they . 

control surfaées that showed enamel demineralization.  

Yamamoto and Sato11, in 1980, demonstrated that ,  
the enamel surface exposed to Nd:YAG laser, after the  
application ofAg(NH,)ZF, increases the absorption of flu-
oride in the enamel and reduces the sub-surface dem-
ineralisation.  

Fowler and Kuroda' suggested, in 1986, that the  
pyrophosphate formation on the irradiated enamel cóuld .  • 

have had an effect in the reduction of enamel solubility  
• 

levels.  
A very positive result was obtained with the experi-

ment in dental enamel, performed by Tagomori and  
Morioka'', in 1989, where the acid resistance of enamel  
was evaluated when exposed to Nd:YAG laser with an  
energy density varying between 0 and 100 J/cm 2 ; 20 Hz  
per 0.5 seconds. The amoont of calcium dissolved in the  
acid solution was determined with atomic absorption  
spectrophotometry.There was a high increase of fluoride  
incorporated, little calcium increase and decrease of  
phosphate concentration.  

Oho & Morioka' (in 1990) proposed a possible  
method for enamel to acquire acid resistance after laser  
irradiation. An argon laser (continuous emission, wave-
length between 457.9 nm and 514.5 nni, 67 J/cm 2) was  
used in the studies in which the enamel specimens irra- 
diated were immersed in different solútions with the  

• 
intention of evaluating the enamel permeability and bire- 
fringence after the irradiation. Among them stands out  
the APF (acidulated phosphate fluoride) in which the  
enamel irradiated permeability for  ;the fluoride  

v:  

higher that' the One not irradiated, enabling' it toy 
e 	I  

attributed to . the,. microspaces formed by irradiAtfon s 

Those areas` could act as places for the deposit of libeat  

ed ions through an acid attack. This hypothesis `tóuld'  
explain the dental enamel acid resistance after laser ;  tira•  
diation.  

RESULTS  

The four techniques provided different calcium éonceri . 

trations after the treatment.The Nd:YÀG laser irradiation 
and posterior application of APF and perchloric acid 

maintained a higher amount of calcium on the surface of. 

the ŝpe'cihieli ^hy en compared Nvith..1the treati'l enoi 
3 v 

• 
á4 ë" M .K  'f   

AIF and pércĥlorlC acid, i ;  radiá  bun  
l áf, aih h^ 	+^ ;;+ 

	t I 	
,e 	t d,l .. 	ae :. 

erc eSi is cid, and attáck 	kih '^ëì'c  
alone, in decreasing order respectively (Table II).  
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Table 	rX)1 calcium levels before treatment 

aroiip I 	, 'Gioup El Grotip III Group IV 

95.900 24.899 24.399 94.700 

94.700 25.000 24.399 93.100 

94.600 24.399 93.700 24.600 

24.899 95.399 24.700 94.799 

Table II - 1%1 calcium levels inier specimen treatment 

Group I 
1-1C10, 

Group II 
APF+HCIO, 

Group III 	Group IV 
L+APF+1-1C10, 	L+1-1C10, 

(1(1 94.899 24.399 24.700 

24.700 95.000 24.399 93.100 

14.600 2,4.399 93.700 24.600 

24.899 23.399 24.700 24.799 

'Aft-er treatment, the Nd:YAG laser irradiation tech-

nique and posterior application of acidulated phosphate 

fluoride and perchloric acid promoted less concentration 

of phosphorous (Table IV) 

Table 111-1%1 phosphorous levels prior to treatment 

Group I Group II Group III Group IV 

65.300 65.900 65.599 64.599 

63.099 65.300 65.400 65.800 

65.199 65.400 65.500 65.500 

65.500 65.300 63.500 65.000 

Table IV.- l'!/i1 phosphorous levels after specimen treatment 

Group I 
1-1C10, 

Group II 	Group III 	Group IV 
APF+1-1C10i L+APF+HCIO, 	L+1-1(10, 

65.300 61.900 39.200 65.(09 

64.300 65.300 58.299 66.400 

66.099 67).400 37.099 65.900 

65.699 65.300 58.100 64.500 

X-ray Huorescence analysis did not reveal significant 

signs of fluoride (u < 0.03) in the specimens neither 

prior to, nor after treatment, even in those that were not 

subjected to applications ()FAIT. Consequently, concen-

trations of fluoride were detected in the specimens that 

received ilISC aCid1113ted phosphate fluoride and perchlo-

ric .acid applications, and for the ones which received 

Nil:YM; laser irradiation. posterior acidulated phosphate  

fluoride application and perchloric acid application 

(Table V) 

Table V- ri1 of fluoride of the 2 specimens treated with 

APF 

Group II 
(AIT + HC104) 

Group 
(laser +APF+HC-104) 

3.3 4.0 

4.1 3.4 

3.6 

3.1 3.6 

In spite of being data not taken into consideration in 

this essay, it was also noted that a quantitative analysis of 

the oxygen and the figures conferred the remaining per-

centage of the above charts. 

- As to the morphologic aspect, it was observed in 

scanning electron microscopy that the enamel became 

fused and recrystalized, resembling a mosaic. A large 

number ot. critters of diverse depth (arrows) could be 

observed, leaving a very irregular surface. In the second 

phase of this study we coud observe through the SEM 

analyses the enamel irradiated with Nd:YAG laser prior 

to remaining in the S. 'maims culture media For 15 days 

showed reduction of those structures formed with the 

laser irradiation, thus not showing regular shapes of-these 

referred structures. I3esides, these surfaces have not shown 

demineralization in comparison to the control surfaces 

what showed cavitation. 

-1-Ite same ocurred with the enamel surfaces irradiat-

ed with the Nkl:YA(1 laser and after remained in the S. 

intitans culture media for 21 days. These structures 

formed bv the laser irradiation reduced and no deminer-

alization was seen. ()It the other hand, the control Stir- 

faCCS Sh()Wed CAVIL:16011. 

CONCLUSIONS 

The results obtained by X-ray fluorescence analysis 

showed that there was a reduction in enamel surface 

demineralisation of the irradiated specimens with the 

Nd:YAG + laser (10 min.), under the conditions, 

when submitted to an acid environment (1-1C10:4- 0.5 IVI) 

for 10 minutes; making the enamel more resistant.There 

was no significant difference noted, with the methodol-

ogy used, in the absorption of fluoride when it was 
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applied to the enamel in isolation, or with the association 

of the Nd:YAG laser. The scanning electron microscopy 

showed areas of fusion and enamel recrystalization when 

irradiated with Nd:YAG laser. In the enamel surface 

treated with Nd:YAG laser we could observe by SEM an 

iiìcreasë of the acid resistance, not showing demineraliza-

tion óf these surfaces, but in the control group denniner-

alizatitn was noted on all enamel specimens. 

Picture 111:166,25 J/cm 2  S.rn rrlaris culture media-21 days.  

Pictúre ^ 166,25 J/cm'. S.niu ans culture media=15 days.  

Picture IV: rio lasdi't riadiation.  S.rïrrltarïc c 
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Lacerc',1i7e)tlt ŝit y, . 1-larveY ° , 

Gi 	; t 7 
 ^^eathZrstonti,lJô 1 1^i'^^hlte  
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