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RESUMO 

 

CORRÊA-AFONSO, A.M. Avaliação in vitro da eficácia do laser Er:YAG na 

remoção de restaurações de resina composta. Alteração térmica e análise 

morfológica. 2006. 56p. Dissertação de Mestrado – Faculdade de Odontologia de 

Ribeirão Preto, Universidade de São Paulo.  

 

Considerando a necessidade de substituição de restaurações insatisfatórias e 

a utilização cada vez maior dos materiais restauradores estéticos, houve a 

necessidade de aprimoramento das técnicas. Dessa forma o objetivo deste trabalho 

foi avaliar in vitro a capacidade do laser Er:YAG, em diferentes freqüências, na 

remoção de restaurações de resina composta híbrida. Através do tempo necessário 

para sua remoção, da alteração de temperatura causada pelo uso do laser, e da 

análise morfológica da cavidade resultante. Foram realizadas restaurações de resina 

composta em uma cavidade 2mmx2mmx1,0mm, as quais foram removidas com 

laser Er:YAG nas freqüências 2Hz, 4Hz, 6Hz e 10Hz. Na análise da alteração 

térmica observou-se que ocorreu aumento de temperatura no substrato adjacente a 

restauração durante a remoção com o laser Er:YAG. Apesar disso todos os grupos 

testados apresentaram aumento de temperatura inferior a 5,6°C, o que é 

considerado seguro para a vitalidade pulpar. Outro aspecto observado nos 

resultados dos grupos Laser foi que o aumento de temperatura foi diretamente 

proporcional ao aumento da freqüência de pulsos utilizada. Em relação ao tempo de 

remoção dos grupos experimentais, com exceção do grupo 10Hz, todos ou outros 

necessitaram de maior tempo em comparação a turbina de alta-rotação. Na análise 

morfológica das amostras foi observada a presença de maior material restaurador 



remanescente nos grupos experimentais. Já durante a avaliação das paredes de 

fundo os grupos 2Hz e 4Hz foram os que tiveram pior desempenho. A análise em 

MEV mostrou irregularidades das cavidades resultantes do procedimento, que foram 

proporcionalmente maiores a freqüência utilizada, sendo que o grupo laser 10Hz 

apresentou inclusive remoção de estrutura dental sadia. Em todos os grupos em que 

a remoção foi feita com laser Er:YAG foram observadas áreas de fusão no 

remanescente de material restaurador. Desta forma, conclui-se que o laser Er:YAG é 

eficiente e seguro para a remoção de resina composta considerando os parâmetros 

utilizados neste estudo. O aumento de freqüência melhorou a performance  da 

ablação no que diz respeito ao tempo gasto e a quantidade de material removido,  

porém influenciou negativamente na alteração térmica gerada e na presença de 

irregularidades nas paredes de fundo. Entre os parâmetros testados o 250mJ/6Hz foi 

o melhor e mais seguro devido a mínima alteração térmica gerada e ao tempo 

aceitável para o procedimento. 

 

Palavras-chave: Laser Er:YAG. Resina composta. Temperatura. Morfologia. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



ABSTRACT 

 

CORRÊA-AFONSO, A.M. Assessment of the efficacy of Er:YAG laser to remove 

composite resin restoration. Thermal alteration and morphological analyses. 

2006. 56p. Dissertação de Mestrado – Faculdade de Odontologia de Ribeirão Preto, 

Universidade de São Paulo. 

 

Considering the need of unsatisfactory restoration replacement and the increase of 

aesthetic restorative materials, the aim of this study was the in vitro assessment the 

Er:YAG laser capacity of composite resin restoration removal using different 

frequencies. Thermal side effects caused by laser, times expend during the 

restoration removal and morphology of resultant cavity were analyzed. The 

composite resin restoration was done in cavities measuring 2mmx2mmx1mm. The 

removal was made with Er:YAG laser using different frequencies: 2Hz,4Hz, 6Hz and 

10Hz. The results revealed that temperature increase happened at the substrate 

under the restoration during the removal using the Er:YAG laser. In spite of the 

results all tested groups showed temperature by 5.6°C, which has been considered 

safe for the pulp vitality. Another observed aspect at Laser groups’ results was that 

the increase of temperature was directly proportional to the increase of the repetition 

rate employed. In relation to the time for removal the experimental groups (in 

exception of 10Hz laser’s group) required more time than the high-speed handpiece. 

The morphological analyses revealed that the experimental groups presented bigger 

amount of remaining restorative material. At deep walls removal assessment the 

groups 2Hz and 4Hz presented worst performance. The SEM analyses showed 

irregularities of resultants cavities of experimental groups what increase 



proportionally to the repetition rate increase. As the laser group 10Hz also showed 

ablation of healthy dental tissue. In all groups that the removal was made with 

Er:YAG laser the remaining restorative material presented melting areas. Therefore it 

is concluded that the that Er:YAG laser is efficient and safe for composite resin 

ablation considering the parameters chose in this study. The increase of pulse 

frequency improved the performance ablation when the time spent and the amount of 

restorative material removal is analyzed, but it influence was negative when thermal 

side effects was verified and provided more irregularities in deep wall. Amongst the 

tested parameters the 250mJ/6Hz was the best and safest to due the minimal 

thermal alteration caused and acceptable time spent for the procedure.  

 

Key-words: Laser Er:YAG. Composite resin. Temperature. Morphology. 
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1. INTRODUÇÃO GERAL 

 

Novas alternativas como jato de ar-abrasão, ultra-som e irradiação a laser 

vêm sendo propostas para adesão, confecção do preparo cavitário e tratamento 

superficial dos substratos (CHINELATTI et al, 2006; CHIMELLO-SOUZA et al., 2006; 

DE SOUZA-GABRIEL, 2006). Dentre os aspectos positivos no tratamento com laser 

em crianças e adultos, são reportados a não necessidade de anestesia local 

(CHAIYAVEJ et al., 2000; DENBESTEN et al., 2000) e o menor desconforto durante 

o preparo cavitário (KUMAZAKI, 1994; MATSUMOTO, 1994), devido à eliminação de 

fatores como a vibração, pressão, ruídos e estresse do paciente durante os 

procedimentos com motores convencionais.  

A palavra laser tem sua origem num acrônimo da língua inglesa e significa 

“Light Amplification by Stimulated Emission of Radiation” (PICK, 1993) ou 

Amplificação da Luz por Emissão Estimulada de Radiação. Os primeiros estudos 

referentes à utilização do laser em Odontologia foram realizados por Goldman et al. 

(1964), que analisaram os componentes inorgânicos de tecidos calcificados 

irradiados com laser rubi.  

Outros tipos de laser surgiram posteriormente, e atualmente o laser Er: YAG 

tem demonstrado performance superior no que diz respeito aos preparos cavitários 

em tecidos dentais duros (NEEV et. al,1996), apresentando habilidade para  remover 

esmalte, dentina e tecido cariado com menor quantidade de danos provocados pelo 

calor gerado durante a ablação do substrato dental, uma vez que os excessivos 

danos térmicos têm sido um dos maiores problemas associados a outros lasers 

como Nd:YAG e CO2   (FRENTZEN & KOORT, 1990; ANIC et al., 1993).   
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Em 1988, Paghdiwala foi o primeiro a pesquisar e verificar a habilidade do 

laser Er:YAG em ablacionar tecidos dentais duros, e observou excelente resultado 

para o preparo do esmalte e da dentina com baixa energia, tendo um pequeno 

aumento de temperatura (4,3oC), fato este que foi comprovado posteriormente por 

Hibst & Keller (1989). O laser Er:YAG possui como meio ativo um cristal de ítrio-

alumínio-granada (Yttrium-Aluminum-Garnet) dopado em íons de érbio, que uma vez 

estimulado por uma lâmpada de flash dentro de um ressonador, emite um feixe de 

luz com comprimento de onda de 2,94 micrometros, o qual coincide com o pico 

máximo de absorção da água e dos radicais OH- presentes nos minerais dos tecidos 

biológicos duros(GIMBEL, 2000). 

O laser Er:YAG causa a vaporização da água e dos componentes orgânicos 

hidratados do tecido. A energia incidente na estrutura dentária durante a sua 

irradiação é suficiente para produzir apenas a vaporização da água, com a maior 

parte consumida no processo de ablação, e uma pequena fração de energia resulta 

em aquecimento da estrutura dentária remanescente (KELLER & HIBST, 1989). 

Além disso, na ablação, a freqüência é o parâmetro mais importante para a 

determinação do acúmulo de calor no tecido (KELLER & HIBST, 1995), sendo 

diretamente proporcional o aumento da freqüência ao aumento de temperatura do 

tecido irradiado.  

Com os avanços alcançados pela Odontologia houve a diminuição na 

incidência de lesões de cárie primária e, conseqüentemente, na realização de 

procedimentos restauradores. Porém uma a cada três restaurações se apresenta 

insatisfatória e possuem falhas com relação aos critérios de sucesso clínico 

(ELDERTON,1976), e dessa forma muitos profissionais gastam grande parte de seu 
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tempo e obtêm substancial parte de seus rendimentos substituindo restaurações 

existentes (KIDD, 1990).    

Em 1995, Paterson observou que 70% das restaurações realizadas 

correspondiam a substituições de restaurações existentes, sendo apresentado em 

outro estudo que 60% das restaurações de amálgama necessitavam substituição em 

menos de 10 anos, e 52% das restaurações de resina em menos de 7 anos (MJÖR, 

2002).  

Dessa forma, devido a grande demanda de substituições de restaurações de 

resina composta, e visando maior custo benefício do equipamento de laser Er:YAG, 

o estudo para o emprego do laser na remoção de cimentos e restaurações de resina 

vem sendo feito, e ablação efetiva comparável a remoção de esmalte e dentina 

sadia vem sendo observada (HIBST & KELLER, 1992).  

 Apesar do laser Er:YAG apresentar uma interação fotomecânica mediada 

pela água durante o processo de ablação de tecidos duros dentais, no caso de 

remoção das resinas compostas parece ocorrer pouca remoção mecânica mediada, 

de fato, pela água. Na verdade, parece ocorrer também uma absorção direta do 

laser pelo material resinoso, gerando um aquecimento que resultará em vaporização 

explosiva seguida de ejeção hidrodinâmica (LIZARELLI et al., 2003). Uma rápida 

fusão cria grandes forças de expansão devido a mudanças de volume do material já 

fundido. A expansão do líquido se opõe à energia de superfície dele ou da tensão 

superficial. Essas forças contrárias combinadas com a estrutura resultante da resina 

criam protrusões superficiais, resultantes da aceleração das porções removidas e 

ejetadas na superfície.  (LIZARELLI et al., 2005) 

Hibst e Keller (1991) testaram a ablação de alguns materiais restauradores, 

entre eles a resina composta, e demonstraram que o laser Er:YAG foi eficiente para 
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a ablação de todos os materiais testados, mas foi sugerido a ocorrência de um maior 

aumento de temperatura durante os procedimentos do que quando comparado a 

ablação de esmalte e dentina. 

Vários estudos sobre o emprego do laser para remoção do tecido dental vêm 

sendo realizados, abordando especialmente a eficiência de ablação e os efeitos 

térmicos, uma vez que pesquisas comprovam que o calor transferido através de 

esmalte e dentina para a polpa durante a confecção dos preparos pode causar 

danos irreversíveis à mesma (ZACH & COHEN, 1965; CAVALCANTI et al., 2002), no 

entanto, pouco se sabe sobre esses efeitos quando utilizado para remoção de 

restaurações de resina composta. 

Considerando o uso cada vez maior dos materiais restauradores estéticos e a 

necessidade de aprimoramento de técnicas para substituição de restaurações 

insatisfatórias, estudos são necessários para a avaliação da capacidade do laser 

Er:YAG na remoção de restaurações de resina composta.  
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2. PROPOSIÇÃO  

 

O objetivo do presente estudo foi avaliar in vitro, a capacidade do laser 

Er:YAG, em diferentes freqüências, na remoção de restaurações de resina composta 

híbrida. Para tal avaliação o estudo foi dividido em dois capítulos: 

⎯ no capítulo 1 foi considerado: 

 o tempo necessário para remoção; 

 a alteração térmica causada aos tecidos adjacentes a 

restauração. 

⎯ no capítulo 2 foi considerado: 

 a análise das cavidades resultantes do procedimento através: 

o do exame visual, quanto a remoção total ou parcial da 

restauração; 

o da análise morfológica em Microscópio Eletrônico de 

Varredura. 
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3. CAPÍTULOS 

 

3.1 Capítulo 1 

 
Submetido à publicação no periódico American Journal of Dentistry (Anexo1) 
 

 
 

Repetition rate influence in the thermal alteration during the composite resin 

removal with Er:YAG laser 

 

Alessandra M Correa - Afonso, DDS, master student(a) 

Regina G Palma-Dibb, DDS, MS, PhD, Associated Professor(a) 

Jesus Djalma Pécora, DDS, MS, PhD, Chairman Professor(a) 

 

(a) Department of Restorative Dentistry, Ribeirão Preto School of Dentistry, University 

of São Paulo, Ribeirão Preto-SP, Brazil, CEP 14040-904. 

   

*Correspondence to: 

Profa. Dra. Regina Guenka Palma Dibb 

Universidade de São Paulo (USP) 

Faculdade de Odontologia de Ribeirão Preto 

Departamento de Odontologia Restauradora 

Av. do Café, S/N   Monte Alegre   CEP: 14040-904    Ribeirão Preto - SP, Brazil 

Phone: 55 16 36024016        e-mail: rgpalma@forp.usp.br 
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Repetition rate influence in the thermal alteration during the composite resin 

removal with Er:YAG laser 

 

Abstract 

 

Purpose: The aim of the current study is the assessment of Er:YAG laser 

efficacy for composite resin removal and repetition rate influence in the thermal 

alteration during the composite resin removal. Methods: Cavity preparations (1.0mm 

deep) in bovine teeth were restored with resin and divided into 5 groups: Group I 

(control), in which the restoration removal was made with high-speed bur and 

experimental groups, which had the removal performed with Er:YAG laser energy of 

250mJ (96.26 J/cm2) Group II – 2Hz; Group III – 4Hz; Group IV – 6Hz; Group V – 

10Hz. The removal time was measured and the temperature alteration was checked. 

Results: The results revealed that temperature increase happened at the substrate 

under the restoration during the removal using the Er:YAG laser. Another observed 

aspect at Laser groups’ results was that the increase of temperature was directly 

proportional to the increase of the repetition rate employed. In spite of the results all 

tested groups showed temperature by 5.6°C, which has been considered safe for the 

pulp vitality. In relation to the time for removal the experimental groups (in exception 

of 10Hz laser’s group) required more time than the high-speed handpiece. Although 

more time was required for composite removal when employed 6Hz the difference for 

the fastest groups was little so it is possible the clinical application.  
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Clinical Significance 

With Dentistry advances, has been observed an incidence decreased of 

primary caries lesion. However, a lot of restorations present unsatisfactory aspect of 

clinical successful criteria. In this way a lot of clinicians lose great part of their time 

and get substantial part of their incomes substituting existents restorations. 
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Introduction 
 

New alternatives such as air-abrasion, ultrasound and laser irradiation have 

been proposed for adhesion (1), cavity preparation (2) and superficial treatment of 

the substrates (3). Some  aspects of laser that have been considered to be positive 

are the treatment without anesthesia on children and adults (4,5) and less discomfort 

during the cavity preparation (6,7), due to the elimination of such factors as vibration, 

pressure, noise and the patient's stress during the procedures with rotating 

instruments.   

Different kinds of lasers have been employed in Dentistry, however nowadays 

the Er:YAG laser shows superior performance as regards the cavity preparations in 

dental hard tissues (8), showing its ability to remove enamel, dentine and caries, with 

less damages to the tooth by thermal effects, which is one of the greatest problems 

associated with other lasers, such as Nd:YAG and CO2 (9,10).   

In 1988, Paghdiwala (11) was the first to search and notice the Er:YAG laser 

ablation  ability of  dental hard tissues and observed excellent preparations results of 

enamel and dentin using low energy. Moreover, it also noticed a few increase of 

temperature (4.3 °C), this fact was proven later by Hibst &Keller (12). Er:YAG laser 

has an active Yttrium-Aluminum-Garnet crystal doped with erbium ions, that once 

stimulated by a flash light bulb into a resonator emits a light beam wavelength 2.94 

micrometers.  

The Er:YAG laser cause water and tissue organics components vaporization. 

The incident energy of dental structure during its irradiation is sufficient for produce 

only water vaporization. The energy has a greater part consumed in the ablation 

process and a fewer portion of energy results in heating of remainder dental structure 

(12). Moreover, the repetition rate is the most important parameter for determining 
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the tissue heat accumulation during ablation (13,14), as the increase of the frequency 

directly proportional of increase the irradiated tissues temperature.  

With Dentistry advances, has been observed an incidence decreased of 

primary caries lesion and thus at the restorative procedures. However, one of each 

three restorations presents unsatisfactory aspect of clinical successful criteria (15). In 

this way a lot of clinicians lose great part oh their time and get substantial part of their 

incomes substituting existents restorations (16).  

In 1995, Paterson (17) noticed that 70% of realized restorations were 

substitution of existent restoration, as presented in another study that 60% of alloy 

restorations need a substitution in less than 10 years and 52% of composite resin 

restoration in less than 7 years (18).  

Therefore, studies about the employ of Er:YAG laser at removal of the cement 

and composite resin restoration have been made due the great demand of the 

composite resin restorations substitution and aiming the great cost-benefit laser 

equipment. Thus a comparable effective of enamel and dentin ablation have been 

observed (19).  

Hibst and Keller (20) tested the ablation of some restorative fillings materials, 

including composite resin, and demonstrate that Er:YAG was efficient for all tested 

materials but a greater thermal side effect to the adjacent substances when 

compared to dental enamel and dentin was suggested. 

  Despite the Er:YAG laser present water mediated photomechanical 

interaction during the dental hard tissues ablation process, the composite resin 

ablation mechanisms involve explosive vaporization following by a hydrodynamic 

ejection (21).  
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 Many studies about employ of the laser at ablation of dental hard tissues have 

been realized. These studies approaching specially the efficiency and thermal effects 

caused by laser, because the researches proven that the heat transferred to the pulp 

through the enamel and dentin during the cavity preparations may cause irreversible 

damages to it (22,23).  However, little is known on these aspects when used for 

removal of composite resin restoration. 

Considering the increase of aesthetic restorative materials and improvement 

need of unsatisfactory restoration substitution, the aim of this study is the 

assessment of Er:YAG laser efficacy for composite resin removal and repetition rate 

influence in the thermal alteration during the composite resin removal with Er:YAG 

laser. The times expend during the restoration removal and thermal side effects 

caused by laser were analyzed. 

 
Material and Method 

 

Seventy five freshly extracted bovine incisors were selected for the purpose of 

this study. They were cleaned with a curette, received prophylaxis with Robinson’s 

brush, water and pumice and then stored in distilled water at 4°C.   

The roots portions of the teeth were excluded using water-cooled diamond 

disk, coupled to a cutting machine (Minitom, Struers A/S, Copenhagen, DK-2610, 

Denmark). After this, the crowns were sectioned producing 75 labial central samples 

measuring 4x4x2.5mm. The sections were fixed in teflon cylinders with the surface 

parallel to the device and ground with a Politriz (DP-9U2, Panambra/Strues, A/S), 

using #400 sandpapers under constant cooling, obtaining samples with 0.5mm 

enamel and 1.5mm dentine.  
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The planned samples were joined at 4x4x1mm copper plates for the best heat 

diffusion during the restoration removal. These sets were placed at Plexiglas plate 

with orifices and forbade with wax to block the water passage during the procedure to 

the copper wire, which was put in contact with the copper plate. 

 Cavities measuring 2x2x1mm were made with a #245 carbide bur and were 

conditioned with 35% phosphoric acid for 15 seconds. After washing and removing 

the excess water with absorbent paper, the adhesive system was applied and light-

cured for 10 seconds.  

The composite resin restoration was done in two increments inserted sideways 

in the cavity, polymerizing each increment for 20 seconds. A glass plate was used to 

obtain a flat surface. The esthetic restoration material used was the hybrid composite 

resin Z250, color A4 (Table 1). The restoration was polished for 30 seconds with 

composite resin polishing system. 

The samples were randomly assigned into five groups (n=15). In the control 

group the restoration was removed with high-speed handpieces (Dabi-Atlante, S.A., 

Ribeirão Preto, SP, Brazil), using diamond cylindrical burs #1092 with air-water 

cooling, discarded after use in five samples. In the other groups were used the 

Er:YAG laser with a 250mJ constant energy (96,26J/cm2) and different frequencies: 

Group II – 2Hz; Group III – 4Hz; Group IV – 6Hz; .Group V – 10Hz. 

   The employed laser equipment was the Er:YAG model Kavo Key Laser II 

(Kavo Co., Biberach, Germany), 2.94 µm wavelength, energy adjustable from 60 to 

500 mJ, frequency from 1 to 15 Hz, pulse duration from 250 to 500 µs, focused for a 

12.0mm distance between the laser and the target. A laser diode (λ = 635nm; power 

= 1mW) was used as guide. The diameter of the output tip is 0.63mm.   
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Air-water cooling was used during irradiation. The water flow (constant 

1.0mL/minute) used was the greater value and was regulated by a valve located in 

upper part of the pen (laser 2051) connected to the equipment laser by an optic fiber. 

For the high-speed handpiece the water flow was 100mL/min. For removal of the 

restoration, the bunch was used in no-contact, focused to 12mm between the laser 

output and the target.    

In order to standardize distance for the high-speed handpiece, a device that 

keeps the laser or the high-speed handpiece tip at a constant distance was 

employed. The sample was fixed on a movable base, thus allowing the entire surface 

of restoring material to be worked on at the same distance.   

The time (in seconds) required for removing the restorative material in each 

group was measured with a chronometer.    

During the restoration removal of each group, the temperature was checked 

with Tektronix (DMM 916, Taiwan) equipment, consisting of a thermocouple in 

contact with the surface and which records the temperature on a digital display.    

The thermocouple was put in contact with the copper plate of the cavity. The 

temperature was checked and recorded before the beginning, during the procedure 

and at the end of the removal. 

The end of the restoration removal in both groups was established by visual 

inspection, for the color of the used composite resin was contrasting with the colors 

of the sample, in order to facilitate this observation. 

   For analyses purposes, the temperature variation was measured during the 

removal in °C and time expend in seconds. 

 The Kruskal-Wallis test was used for the differentiating of the groups.   
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Results 
 

The medians, means and standard-deviations about temperature alteration and 

time spent of each group are on Tables 2 and 3, respectively. 

Data analyses showed that in thermal alterations there was a statistically 

significant difference between all groups (p=0.01). The group II (Laser 250mJ/2Hz) 

presented the lowest alteration, and also showed a decrease in temperature. The 

control group (high-speed handpiece) showed a low alteration too, remaining 

practically constant.  The others lasers groups presented greater increases than the 

control group (Graphic 1). As the group of Laser 250mJ/4Hz presented a constant 

temperature during the last 30 seconds of removal and at the other groups the 

temperature continued increasing until the end of the procedure. 

Another observed aspect at laser groups’ results was that the increase of 

temperature was directly proportional to the increase of the used repetition rate 

(frequency). 

At the data analyses of time restorative material removal was observed a 

behavior similar between the high-speed and the laser 250mJ/10Hz groups, 

revealing no statistical difference between these groups (p> 0.01). However the 

remaining lasers groups required more time to finish the removal of the composite 

resin. The laser 250mJ/4Hz group spent twice the time of the control group and the 

laser 250mJ/2Hz required four times the removal time of the control group. 

 
Discussion 
 

The results of present work revealed that temperature increase happened at 

the substrate under the restoration during the composite removal using the Er:YAG 

laser. This fact was also observed by Keller & Hibst (13) and Fried et al. (14), who 
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concluded that pulse frequency is the most influent factor for tissue heat 

accumulation. 

However the only group that presented a lower increase of temperature than 

the control group was the 2Hz group. Other laser groups, which used higher 

frequencies, showed higher increases of temperature. The reason of the higher 

increases of temperature when higher frequencies are employed is the lower 

refrigeration time that the higher pulses amounts provide. 

In spite of the greater increases none of the groups presented temperature 

increases higher than 5.6°C, the critical value of temperature that may cause 

irreversible damages to the pulp (22). Previous studies about hard tissues ablation 

evidenced the same result (13,24,25,26), but with lower increases of temperature. 

This difference could be explained by the substrate type ablationed due to the 

thermal conductivity coefficients - The thermal conductivity, K, of a substance is a 

heat quantity, in calories or joules per second that pass through 1cm thick of material, 

with a transversal sectioned about 1 cm2, when the temperature difference is 1°C. 

The composite resin has a thermal conductivity coefficients about 0.011 

J/s/cm2/(°C/cm) against 0.0063 J/s/cm2/(°C/cm)  of dentin, which result in almost 

twice the pass of heat for the adjacent substrates (27). 

Despite the Er:YAG laser present water mediated photomechanical interaction 

during the dental hard tissues ablation process, the composite resin ablation 

mechanisms involve explosive vaporization followed by a hydrodynamic ejection. 

During the composite resin ablation rapid melting creates large expansion forces due 

to the volume change of material upon melting. Moreover there are surfaces 

protrusions formation, which are the result of the counteracting forces combined with 



 16

the composite resin structure, which are accelerated away from the surface as 

droplets (21). 

Hibst and Keller (20) had suggested the greater thermal alteration when 

composite resin is ablationed in their study about Er:YAG laser ablation of restorative 

filling material, in which was observed a crater morphologies very different from the 

natural dental hard tissues revealing strong signs of thermal interactions, with great 

melting areas.  

Regarding the time for removal, the experimental groups (in exception of 10Hz 

laser’s group) required more time than the high-speed handpiece. For 2Hz was spent 

four times the control group and for 4Hz twice. Although more time was required for 

composite removal when employed 6Hz the difference for the fastest groups was 

little so it is possible the clinical application.  

Despite the comparable required time of Z250 composite resin removal 

between the high speed and the 10Hz laser group the mean of the temperature 

increase results didn’t reach the critical value (5.6°C) but it arrived close (4.77°C) 

presenting some specimens in experiment that reached and pass of 5.6°C, what 

becomes this parameter of Er:YAG laser dangerous for clinical applications, mainly in 

deep cavities.  

 
Conclusion 
 

The experiments demonstrate that Er:YAG laser is efficient and safe for 

composite resin ablation considering the parameters choice. Amongst the tested 

parameters the 250mJ/6Hz was the best and safest to due the minimal thermal 

alteration caused and acceptable time spent for the procedure. However more 
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studies that employ other restorative materials are necessary as well as others 

parameters must be tested for better laser indication. 
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Table 1. Restorative materials. 

 

 

 

 

 

 

 

Description Trade Mark Manufacturer Composition Batch 

number 

Adhesive System Single Bond 
3M, Dental Products, 

St Paul, MN USA 

Bis-GMA, HEMA, 

ethanol, H2O, 

dimethacrylates, 

CQ, PAA 

3JM 

Hybrid composite 

resin 
Z250 

 

3M, Dental Products, 

St Paul, MN USA 

Bis-GMA, UDMA, 

Bis-HEMA, 

Zirconia, Silica 

3NF 
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Table 2.  Means, standard deviations and medians of temperature increase 

during composite resin removal by different methods.  

 

 Median 

   (ºC) 

Mean/SD 

(ºC) 

High-speed  0.20 c 0.28 (0.33) 

Laser 2Hz 0.00 c  -0.16 (0.51) 

Laser 4Hz 1.50 b 1.47 (0.86) 

Laser 6Hz 2.50 b 2.47 (0.83) 

Laser 10Hz 5.00 a 4.77 (1.37) 
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Table  3.  Means, standard deviations and medians of time required for removal 

of the restorative material. 

 

 Median 

   (s) 

Mean/SD 

(s) 

High-speed  29.00 c 28.67 (2.38) 

Laser 2Hz 110.00 a 114.53 (16.81) 

Laser 4Hz 60.00 b 62.93 (13.54) 

Laser 6Hz 39.00 c 40.20 (5.75) 

Laser 10Hz 29.00 c 28.33 (2.16) 
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Graphic 1.  Temperature increase during composite resin removal by all groups in 

accordance with the time spent. 
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Ability of Er:YAG laser to remove composite resin restoration and 

morphological analyses. 

 

Clinical relevance 

 With Dentistry advances it has been observed a decrease in the incidence of 

primary caries lesion. However, a lot of restorations present unsatisfactory aspect of 

clinical successful criteria. Therefore a lot of clinicians lose great part of their time 

and get substantial part of their incomes substituting existents restorations. Thus this 

study is relevant for the dental research due to the great demand of the substitution 

of restorations and aiming the great of the cost-benefit laser equipment. 

 
Abstract 
 

The aim of the current study is the assessment of the Er:YAG laser capacity of 

composite resin restoration removal using different frequencies and analyses of the 

final aspect of the cavity after the composite resin removal by scanning electron 

microscope. Cavity preparations (1.0mm deep) in bovine teeth were restored with 

resin and divided into 5 groups: Group I (control), in which the restoration removal 

was made with high-speed bur and experimental groups, which had the removal 

performed with Er:YAG laser energy of 250mJ (96.26 J/cm2) Group II – 2Hz; Group 

III – 4Hz; Group IV – 6Hz; Group V – 10Hz. After the removal, the specimens were 

split up in the middle, and the surrounding and deep walls were analyzed to check for 

the presence of restorative material. The estimation was qualitative. The surfaces 

were examined with a scanning electron microscope. The results revealed that the 

experimental groups presented a greater amount of remaining restorative material. At 

deep walls removal analyses the laser groups 250/2Hz and 250/4Hz presented worst 
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performance. The SEM analyses showed irregularities of resultants cavities of 

experimental groups which increase proportionally to the repetition rate increase. In 

all groups that the removal was made with Er:YAG laser the remaining restorative 

material presented melting areas. 
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Introduction 
 

With Dentistry advances it has been observed a decrease in the incidence of 

primary caries lesion and thus at the restorative procedures. However, one of each 

three restorations presents unsatisfactory aspects of clinical successful criteria.1 

Therefore a lot of clinicians lose great part of their time and get substantial part of 

their incomes substituting existent restorations.2 The major part of any restorative 

material restorations is substituted in less than 7 years.3  

New alternatives, such laser irradiation, have been proposed for dentistry 

procedures in dental clinic.4-6 Among the lasers systems currently available, the 

Er:YAG laser has been advocated as a viable approach for selective removal of 

caries tissue, cavity preparation and dental surface pretreatment considering some 

positive aspects as the treatment without anesthesia on children and adults 7,8 and 

less discomfort during the cavity preparation,9,10 due to the elimination of such factors 

as vibration, pressure, noise and the patient's stress during the procedures with 

rotating instruments.   

Studies about the application of Er:YAG laser has been also considered the 

removal of the cements and composite resin restoration, due to the great demand of 

the restorations substitution and aiming the great cost-benefit of the laser equipment. 

Thus a comparable effective of enamel and dentin ablation have been observed.11  

For the dental hard tissues ablation the amount of tissue removed by the 

Er:YAG laser and the impact upon adjacent tissues are dependent on some 

parameters, such as the irradiation time, pulse energy, distance of irradiation, 

emission mode, tissue water cooling as well as the pulse repetition rate. At the 

removal of composite resin these parameters are also important, mainly the pulse 
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repetition rate, that is the most important parameter for determining the tissue heat 

accumulation during ablation.12  

Hibst and Keller13  tested the ablation of some restorative fillings materials, 

including composite resin, and demonstrate that Er:YAG laser was efficient for all 

tested materials but a greater thermal side effect to the adjacent substances when 

compared to dental enamel and dentin was suggested. 

Considering the increase of aesthetic restorative materials and improvement 

the need of unsatisfactory restoration replacement, the aim of the current study is the 

assessment of the Er:YAG laser capacity of composite resin restoration removal 

using different frequencies and analyses of final aspect of the cavity after the 

composite resin removal by scanning electron microscope (SEM).  

 
Methods & Materials 
 

Seventy five freshly extracted bovine incisors were selected for the purpose of 

this study. They were cleaned with a curette, received prophylaxis with Robinson’s 

brush, water and pumice and then stored in distilled water at 4°C.   

The roots portions of the teeth were excluded using water-cooled diamond 

disk, coupled to a cutting machine (Minitom, Struers A/S, Copenhagen, DK-2610, 

Denmark). After this, the crowns were sectioned producing 75 labial central samples 

measuring 4x4x2.5mm. The sections were fixed in teflon cylinders with the surface 

parallel to the device and ground with a Politriz (DP-9U2, Panambra/Strues, A/S), 

using #400 sandpapers under constant cooling, obtaining samples with 0.5mm 

enamel and 1.5mm dentine.  

 Cavities measuring 2x2x1mm were made with a #245 carbide bur and were 

conditioned with 35% phosphoric acid for 15 seconds. After washing and removing 
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the excess water with absorbent paper, the adhesive system was applied and light-

cured for 10 seconds.  

The composite resin restoration was done in two increments inserted sideways 

in the cavity, polymerizing each increment for 20 seconds. A glass plate was used to 

obtain a flat surface. The esthetic restoration material used was the hybrid composite 

resin Z250 (3M products, St. Paul, MM, USA) color A4. The restoration was polished 

for 30 seconds with composite resin polishing system. 

The samples were randomly assigned into five groups (n=15). In the control 

group the restoration was removed with high-speed handpieces (Dabi-Atlante, S.A., 

Ribeirão Preto, SP, Brazil), using diamond cylindrical burs #1092 with air-water 

cooling, discarded after use in five samples. In the other groups were used the 

Er:YAG laser with a 250mJ constant energy (96,26J/cm2) and different frequencies: 

Group II – 2Hz; Group III – 4Hz; Group IV – 6Hz; .Group V – 10Hz. 

  The employed laser equipment was the Er:YAG model Kavo Key Laser II 

(Kavo Co., Biberach, Germany), 2.94 µm wavelength, energy adjustable from 60 to 

500 mJ, frequency from 1 to 15 Hz, pulse duration from 250 to 500 µs, focused for a 

12.0mm distance between the laser and the target. A laser diode (λ = 635nm; power 

= 1mW) was used as guide. The diameter of the output tip is 0.63mm.   

Air-water cooling was used during irradiation. The water flow (constant 

1.0mL/minute) used was the greater value and was regulated by a valve located in 

upper part of the pen (laser 2051) connected to the equipment laser by an optic fiber. 

For the high-speed handpiece the water flow was 100mL/min. For removal of the 

restoration, the bunch was used in no-contact, focused to 12mm between the laser 

output and the target.    
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In order to standardize distance for the high-speed handpiece, a device that 

keeps the laser or the high-speed handpiece tip at a constant distance was 

employed. The sample was fixed on a movable base, thus allowing the entire surface 

of restoring material to be worked on at the same distance.   

The end of the restoration removal in all groups was established by visual 

inspection, for the color of the used composite resin was contrasting with the colors 

of the sample, in order to facilitate this observation. 

After the removal, the specimens were split up in the middle, and the 

surrounding and deep walls were analyzed with an 80x stereomicroscope to check 

for the presence of restorative material. The estimation was qualitative and scores 

were considered: (1) total removal of restorative material; (2) partial removal of 

restorative material; (3) material not removed – more than 70% of the remaining 

restorative material. 

The Kruskal-Wallis test was used for the differentiation of the groups and the 

Friedman test was used for the differentiation of the examiners.   

For SEM analyses all the specimens were cleaned with an ultrasound 

apparatus for 10 minutes. After that the samples were immersed in 2.5% 

glutaraldehyde solution buffered with 0.1 M sodium cacodilate, followed by rinsing in 

distilled water. The specimens were then dehydrated with etanol in increasing 

percentage solutions: 25% (20 minutes), 50% (20 minutes), 75% (20 minutes), 90% 

(30 minutes) and 100% (60 minutes) and dried with absorbing paper. Specimens 

were fixed with aluminum stubs with their treated surfaces facing upwards and 

coated by a layer of gold-palladium using a sputtering device (SDC 050). 

The surfaces were examined with a scanning electron microscope Zeiss (DSM 

940A, Germany, Laboratório de Caracterização Estrutural do DEMa - LCE-DEMa/ 
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UFSCAr-SP, Brasil) operating at 20kV. Standardized series of photomicrographs 

were taken with different magnifications. A consensus was reached to select the 

representative illustrations of each group.  

 The findings at the SEM analysis were not statically analyzed, since the 

objective of the analysis was to perform a visual and qualitative comparison of the 

different experimental conditions proposed in the study.  

 
Results 
 

There was no significant statistical difference (p>0.05) between the examiners 

at statistical analyzes of their examination after the end of the procedure. This fact 

revealed a good calibration between them in both exams, deep walls examination 

and lateral walls examination. 

The assessment of the surrounding walls restorative material removal showed a 

significant statistical difference between the control group and the experimental 

groups. The experimental groups presented a greater amount of remaining 

restorative material and there was no significant statistical difference between them 

(Table 1). 

At deep walls removal analyses the laser groups 250/2Hz and 250/4Hz 

presented a bigger amount of remaining restorative material and showed statistical 

difference of the control group and the laser group 250/10Hz (Table 2) which were 

similar between them.  

At the SEM analyses it was possible to observe the irregularities of resultant 

cavities of experimental groups which increase proportionally with the repetition rate 

increase (frequency) (Fig 1).    
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In all groups that the removal was made with Er:YAG laser the remaining 

restorative material presented melting areas, however in the control group a removal 

by wear out of material was verified (Fig 2). 

 
Discussion 
 

Despite the similarity between restorative and natural hard substances 

regarding the ablation efficiency12 the mechanism of composite resin ablation by 

Er:YAG laser  is different from the process of dental hard tissue ablation.15 The 

composite resin ablation does not present water mediated photomechanical 

interaction but the mechanisms involve explosive vaporization followed by a 

hydrodynamic ejection.15 Due to the above mentioned mechanisms the crater 

morphologies are very different. While craters produced in natural hard substances 

look as if the material has been ripped off by an explosion, ablation of filling materials 

reveals strong signs of thermal alterations, presenting melting areas.14 

It was observed that melting formation occurred during the removal of 

restoration with laser, which confirms the thermal effect at the procedure,14 this fact 

may probably be responsible for the low success in the complete removal of the 

composite resin for the lasers groups mainly in lower pulse frequencies.  Because of 

these melts the smaller the remains of the restoration more difficulty it is to tell the 

difference between the restorative material and the dentine of the cavity.  Hibst and 

Keller14 also observed the melting areas formed in various restorative materials 

ablationed, including composite resin.  

Moreover if the material is vaporized sufficiently fast in the beam center, the 

resulting pressure might be high enough to drive out the surrounding melt along the 
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crater walls.14 This fact may explain the cause of all laser groups present remains of 

restorative material at surrounding walls.  

Another aspect that could be observed was that the increase of pulse frequency  

per second improved the performance for complete removal of restorative material, 

mainly at deep walls, as the laser group 10Hz is comparable to the control group. 

The higher pulse frequency per second used improved the ablation of deep wall 

providing more effective and quickly ablation,16 as observed at SEM analyses. 

However at surroundings walls a similar behavior was observed for all used 

frequencies, what can be explained by the generate heat caused by the increase of 

the repetition rate. This increase of heat cause melting areas along the crater walls.  

In the SEM analyses, one of the most popular and efficient methods to 

morphologically examine dental surface topography,17 it was observed that the 

procedure carried out with all experimental groups resulted in irregular cavity walls, 

which also was observed by other authors in studies of cavity preparation in dental 

hard tissues,18-20 in contrast with the procedure fulfilled with high-speed handpiece 

that resulted in regular walls. It is due to the action mechanism of the Er:YAG laser 

as well as the punctual performance of laser beam at the surface making it difficult to 

make a regular shape of the deep wall when a clinical situation of composite resin 

restoration is simulated. The high-speed handpiece use burs of bigger diameter than 

the laser beam and consequently manage to do the cut of the substrate more 

regular. 

Moreover, the observed wall irregularity increased with the pulse frequency. 

This may probably be explained by the fact that the increased pulse frequency per 

second provides a faster and greater volume of composite resin removal, as 

observed in dental hard tissues ablation21 and therefore results in more difficult 
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ablative process control. This difficulty of ablative process control observed when the 

greater pulse frequency was used also cause ablation of surrounding healthy hard 

tissue, mainly in deep walls.  

 Thus it can be verified that the laser is effective for the removal of the 

composite resin, however it didn’t manage to remove all the restoration appropriately. 

Moreover, the increase of pulse frequency provided more irregularities and removed 

healthy dental hard tissues around the restoration. This unskilled ablation cause 

enlargement of cavity preparation size and therefore it is necessary to be careful and 

skilful in the use of the laser.    

 
Conclusion 

 

The experiments demonstrate that Er:YAG laser is efficient for composite resin 

ablation considering the parameters chosen. The increase of the pulse frequency 

improved the ablation but provided more irregularities in the deep wall. Therefore 

care and ability are necessary for the laser use not to cause any damages for the 

healthy dental hard tissues.  
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Table 1. Percentage of each score of remaining material at surroundings walls 

of the cavities.  

 High-speed Laser 2Hz Laser 4Hz Laser 6Hz Laser 10Hz 

1 93.3% 33.3% 26.6% 26.6% 33.3%

2 6.6% 66.6% 66.6% 66.6% 60.0%

3 0.0% 0.0% 6.6% 6.6% 6.6%
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Table 2. Percentage of each score of remaining material at deep walls of the 

cavities.  

 High-speed Laser 2Hz Laser 4Hz Laser 6Hz Laser 10Hz 

1 73.3% 20.0% 20.0% 40.0% 66.6%

2 26.6% 80.0% 66.6% 60.0% 33.3%

3 0.0% 0.0% 13.3% 0.0% 0.0%
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4. DISCUSSÃO GERAL 

 

Atualmente o laser Er: YAG tem demonstrado excelente performance no que 

diz respeito aos preparos cavitários em tecidos dentais duros (NEEV et. al,1996) 

com menor quantidade de danos provocados pelo calor gerado durante a ablação do 

substrato dental, uma vez que os excessivos danos térmicos têm sido um dos 

maiores problemas associados a outros lasers como Nd:YAG e CO2   (FRENTZEN & 

KOORT, 1990; ANIC et. al, 1993).   

Com os avanços alcançados pela Odontologia houve a diminuição na 

incidência de lesões de cárie primária, porém uma a cada três restaurações se 

apresenta insatisfatória e possuem falhas com relação aos critérios de sucesso 

clínico (ELDERTON,1976). Sendo assim, há uma grande demanda de substituições 

de restaurações de resina composta, e o equipamento de laser Er:YAG vem sendo 

estudado para esse fim, apresentando remoção efetiva comparável a ablação de 

esmalte e dentina (HIBST & KELLER, 1992). Apesar disso, o mecanismo de ação do 

laser Er:YAG na remoção de resina composta é diferente da ablação de tecidos 

dentais 

O laser Er:YAG apresenta uma interação fotomecânica mediada pela água 

durante o processo de ablação de tecidos dentais duros, enquanto que na remoção 

de resina composta parece ocorrer uma absorção direta do laser pelo material 

resinoso, gerando um aquecimento que resultará em vaporização explosiva seguida 

de ejeção hidrodinâmica (LIZARELLI et al., 2003). Uma rápida fusão cria grandes 

forças de expansão devido a mudanças de volume do material já fundido. A 

expansão do líquido se opõe à energia de superfície dele ou da tensão superficial. 

Essas forças contrárias combinadas com a estrutura resultante da resina criam 
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protrusões superficiais, resultantes da aceleração das porções removidas e ejetadas 

na superfície.   

Os resultados do presente estudo revelaram que o aumento de temperatura 

aconteceram nos tecidos adjacentes a restauração durante a remoção de resina 

composta utilizando o laser Er:YAG. Esse fato também foi observado por Hibst e 

Keller (1995) e Fried et al. (2001) que concluíram que a freqüência de pulsos é o 

fator mais influente para o acúmulo de calor nos tecidos. 

No entanto houve um único grupo que apresentou um menor aumento de 

temperatura do que o grupo controle, o grupo 2Hz. Os outros grupos de laser, que 

utilizaram freqüências mais altas, demonstraram maiores aumentos de temperatura. 

Isso é devido ao fato de que maiores freqüências de pulsos por segundo 

proporcionam menor tempo de refrigeração.  

Apesar desses aumentos de temperatura nenhum dos grupos excederam 

5,6°C, o valor crítico de temperatura que pode causar danos pulpares irreversíveis 

(ZACH & COHEN, 1965). Resultados semelhantes foram encontrados em estudos 

anteriores sobre ablação de tecidos dentais duros (HIBST & KELLER, 1995; 

BURKES et al, 1992; MEHL et al., 1997; TOKONABE et al., 1999), mas com 

menores aumentos de temperatura. Essa diferença pode ser explicada pelo 

diferente mecanismo de ação do equipamento, assim como pelo tipo de substrato 

ablacionado, devido ao coeficiente de condutividade térmica – a condutividade 

térmica, K, de uma substância é a quantidade de calor, em calorias ou joules, por 

segundo, que passa através de 1cm de espessura do material, em uma secção 

transversal de 1cm2, quando a diferença de temperatura é 1°C. A resina composta 

tem um coeficiente de condutividade térmica de 0,011 J/s/cm2/(°C/cm) contra 0,0063 
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J/s/cm2/(°C/cm) da dentina, que resulta em quase duas vezes mais  a passagem do 

calor para os tecidos adjacentes (CRAIG & POWERS, 2004).  

Hibst and Keller (1991) sugeriram uma maior alteração térmica quando da 

remoção de resina composta. Foi observado que a morfologia das cavidades 

formadas foram muito diferente daquelas formadas pela ablação de tecidos dentais 

duros, revelando assim fortes sinais de interações térmicas, com grandes áreas de 

fusão. 

Considerando o tempo de remoção, os grupos experimentais, com exceção 

do grupo 10Hz, necessitaram de mais tempo para a remoção do que a turbina de 

alta-rotação. Para o grupo 2Hz foram gastos 4 vezes mais tempo do que o grupo 

controle e para o grupo 4Hz foram gastos 2 vezes mais.  

Na análise da morfologia da cavidade resultante do procedimento foi 

observado que ocorreu formação de fusões durante a remoção do material 

restaurador com laser, o que confirma o efeito térmico durante o procedimento 

(HIBST & KELLER, 1991). Esse fato provavelmente pode ser responsável pelo 

pouco sucesso alcançado na remoção completa de restauração de resina composta 

nos grupo em que o laser foi utilizado, principalmente quando freqüências mais 

baixas foram utilizadas. Essas fusões, ou áreas de derretimento do material fazem 

com que quanto menor o remanescente da restauração mais difícil se torna a 

visualização da diferença entre o material restaurador e a dentina.  

Além disso, o material é vaporizado rapidamente do centro do feixe e a pressão 

resultante pode ser alta o suficiente pra jogar o material derretido para as paredes 

circundantes da cavidade. Como pôde ser observado nos grupos onde o laser foi 

utilizado, por apresentarem remanescente de material restaurador nas paredes 

circundantes. 
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Outro aspecto que pôde ser observado foi que o aumento da freqüência de 

pulsos melhorou o desempenho do laser na remoção de resina composta, 

principalmente nas paredes de fundo, sendo que o grupo laser 10Hz obteve 

desempenho comparável ao grupo controle. A alta freqüência utilizada proporcionou 

uma ablação mais rápida e efetiva. Entretanto nas paredes circundantes foi 

observado um comportamento similar para todas as freqüências utilizadas. 

Com a análise em MEV, foi observado que enquanto as cavidades produzidas 

pela ablação a laser nos tecidos dentais se apresentam como se o tecido tivesse 

sido arrancado devido a uma explosão, a ablação dos materiais restauradores revela 

fortes sinais de alterações térmicas, apresentando áreas de fusão (HIBST & 

KELLER, 1991). Além disso, os grupos experimentais resultaram em cavidades 

irregulares, as quais também foram observadas por outros autores em estudos de 

preparo cavitário em tecidos dentais (VISURI et al., 1996; ARMENGOL et al., 1999; 

DOSTALOVÁ et al., 1996) em contraste com o procedimento realizado com a turbina 

de alta rotação que resultou em paredes regulares. Esse fato é devido a 

performance pontual do feixe de laser na superfície que torna difícil a forma regular 

da parede de fundo quando uma situação clínica de remoção de resina composta é 

simulada. A turbina de alta rotação utiliza pontas de diâmetros maiores que o feixe 

do laser e consequentemente consegue cortes mais regulares do substrato.  

Foi também observado que a irregularidade das paredes aumentou com o 

aumento da freqüência de pulsos utilizada. Isso provavelmente explica o fato de o 

aumento da freqüência de pulsos por segundo promover a remoção de maior volume 

de material restaurador de forma mais rápida (MEHL et al., 1997) e dessa forma 

tornar o controle do processo ablativo mais difícil.  
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Apesar da similaridade ocorrida para o tempo gasto na remoção da resina 

composta Z250 entre os grupo controle e o grupo laser 10Hz, a média de aumento 

de temperatura não atingiu o valor crítico (5,6°C) mais ficou muito próximo (4,77°C) 

e algumas amostras durante o experimento atingiram valores acima do crítico. Esse 

fato faz com que esse parâmetro não seja seguro para a aplicação clínica, 

principalmente em cavidades profundas. Além disso, a dificuldade de controle do 

processo ablativo quando altas freqüências de pulsos são utilizadas também causam 

a ablação de tecidos dentais adjacentes sadios, principalmente nas paredes de 

fundo. 

Assim, com base neste estudo pôde ser verificado que o laser foi efetivo e 

seguro para a ablação de resina composta, porém não conseguiu remover a 

restauração adequadamente. Foi também observado que o aumento da freqüência 

de pulsos por segundo promoveu mais irregularidades nas paredes de fundo e 

remoção de tecido dental sadio adjacente às restaurações. Essa ablação não 

seletiva proporcionou o aumento das dimensões da cavidade, sendo dessa forma 

necessário que se tenha cuidado e habilidade para a utilização do laser. 
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5. CONCLUSÃO GERAL 

 

Nas condições em que estes estudos foram conduzidos, conclui-se que: 

 

⎯ O laser Er:YAG foi eficiente e seguro para a remoção de resina composta; 

 

⎯ O aumento de freqüência melhorou a performance  da ablação no que diz 

respeito ao tempo gasto e a quantidade de material removido porém, 

influenciou negativamente na alteração térmica gerada e na presença de 

irregularidade das paredes de fundo 

 

⎯ Entre os parâmetros testados o 250mJ/6Hz foi o melhor e mais seguro devido 

a mínima alteração térmica gerada e ao tempo aceitável para o procedimento; 

 

⎯ É necessário que se tenha cuidado e habilidade para a utilização do 

equipamento afim de que não sejam causados danos a tecidos dentais 

sadios.  
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