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Study on Dental Treatment with YAG Laser (3rd Report)
—Effects of Water on Cavity Preparation—

Keiji YAMADA, Takashi UEDA, Naoyuki HORII, Akira HOSOKAWA and Ryutaro TANAKA

Water spraying is usually used in the removal of hard dental tissue with laser for the clinical cavity preparation which
is previous to the prosthesis. However, the effect of water on the dental tissue irradiated with laser has not been evaluated
quantitatively. In this paper, the cavity preparation is performed for human dentin tissue with Nd:YAG laser and Er:YAG
laser to investigate the effects of water. The thermal damages caused on dentin tissue are microscopically observed and
the perforatability is evaluated from the dimensions of cavity perforated. The thermal damages caused on dentin tissue
is reduced by water, especially very fine cavity can be achieved in the cavity preparation with Er:YAG laser, while the
perforatability with laser beam is decreased by water. The audible sound pressure level is also measured to investigate
the feasibility of sound monitoring as the removal-monitoring method. It is found that the sound pressure level increases

linearly with the extent of removed dental tissue.
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Table 1 Experimental conditions

Lasers: Nd:YAG Er:'YAG
Wave length A [nm] 1064 2940

0.156 0.25
Spot size at focal point 2w[mm] 1.78 0.31
Peak power P [W] 90-700 | 60- 1800
Pulse width 7 [ms] 1.0 0.11-0.42
Frequency f [Hz] 10 10
Number of pulses n 10 5-30
Specimen:

Dentin of human tooth, Thickness #/=2-3mm

Sound level meter:

Frequency range[Hz]  20-13,000
SPL range [dB] 55-130
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Fig. 1 Experimental set-up in perforating of dentin
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Fig. 2 Typical cavity perforated in air
(Er:YAG laser, E=1.3mJ/pulse, n=10)
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Fig. 3 Measurement of transparency of water layer for laser beam
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Fig. 4 Output wave of beam intensity transmitting (Er:YAG)

100 F
80
60
40}
201
0

Transmissivity

0 100 200 300
Laser energy mlJ/pulse

Fig. 5 Transmissivity of water layer for laser beam
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YAG L—TICLDERIGRICEHT DR (553 W)

(1) E=50mJ/pulse  (2) E=150mJ/pulse  (3) E=250mJ/pulse

(a) Cavities perforated in air

(1) E=50mJ/pulse  (2) E=150mJ/pulse (3) E=250mJ/pulse
(b) Cavities perforated in water
Fig. 6 Photograph of irradiated surface of specimen (Nd:YAG)
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(b) Cavities perforated in water
Fig. 7 Photograph of irradiated surface of specimen (Er:YAG)
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Fig. 8 Photograph of cross section of cavities perforated

(Er:YAG, E=65ml/pulse)
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Fig. 9 Perforativity of cavity with Nd:YAG laser (n=10)
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Fig. 10 Perforativity of cavity with Er:-YAG laser (»=10)
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Fig. 12 Relation between sound pressure level and depth of cavity

perforated with Nd: YAG laser (» =10)
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perforated with Nd: YAG laser (n =10)
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Fig. 14 Relation between sound pressure level and perforativity

with Er:YAG laser (n =10)
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