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Study on Dental Treatment with YAG Laser (2nd Report)
— Comparison between Nd: YAG Laser and Er:YAG Laser —

Takashi UEDA, Keiji YAMADA, Tém SHINOZAKI and Akira HOSOKAWA

Perforatability and thermal damages of dental hard tissues with two kinds of YAG laser are investigated for the purpose of
making the cavity and forming the abutment tooth. The perforatability of dentin with laser beam depends on the absorptivity
for laser beam, the laser power, the pulse duration and the number of laser pulses. Approximately 65% of Er:-YAG laser beam
is absorbed at irradiated surface of dentin, but the absorptivity for Nd: YAG laser beam is only 17%. High perforatability is
accomplished using Er:YAG laser because of its higher absorptivity. There is a linear relation between the perforated depth
and the number of pulses. Higher laser power and larger pulse duration improve the perforatability, in the same time, induce
thermal damages on dental hard tissue such as thermal cracks and burning of dentin. Lower laser power and smaller pulse
duration makes it possible to make fine cavities without thermal cracks and burning in even with Nd:YAG laser.
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Fig.1 Spectral absorptivity of water

(a)Nd: YAG laser( P=50W)

(b)Er:YAG laser(P=160W)
Fig.2 Energy distribution of laser beam (defocus=11.3mm)
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(a)Measurement of reflectivity

(b)Measurement of transparency
Fig.3 Experimental set-up in measurement of optical property of dental tissue
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Fig.4 Relation between surface roughness and reflectivity
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Table 1 Experimental conditions in measurément of optical property of dentin

Lasers Nd:YAG | ErnYAG
Wave length A [nm]| 1064 2940
Peak power P W1l <100 340
Pulse duration T [ms]|] 03 0.2
Frequency f [Hz]l 10 10
= 90.1(Cu)
Reflectivity of reference R [%] 73.8(Al) 97.1(Cu)
3
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§ 2 |
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Fig.5 Output waves in measurement of reflectivity
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Fig.6 Relation between energy transmitted and thickness of specimen

Table 2 Conditions in perforating experiment

Lasers Nd:YAG | ErYAG
Spot size at focal point
po poza [mm] 1.26 0.22
Peakpower P [W] | 90~700 | 60~ 1800
Pulsewidth t [ms] | 0.3~3.3 0.2
Frequency f [Hz] 10 10
Number of pulses n 10~30 10~ 15

Fig.7 Perforated cavity at boundary between dentin and enamel
(Nd:YAG, f~10Hz, n=10pulses)
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Fig.8 Relation between perforatability and laser power
(Nd:YAG f=10Hz, n=10pulses)
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Fig.9 Relation between perforatability and number of laser pulses
(Nd:YAG, f~10Hz, E=200mlJ/pulse)
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(a)Nd:YAG laser (t=0.3ms) (b)Er:YAG laser (7=0.2ms)
Fig.10 Influence of laser power on perforatability ( =10, /=10Hz)



THEIRERIL SV 2R OV A OB 522 - FICRE—ET
L LTV,

4.4 L—HOMIMRED E

[X] 10 X, Nd:YAG L' —H# B L RErYAG L —H# % 10 /3L &
WA LESHAED, E—7 R —PLBRESIB LI OBERDD
BFRTHL. BL—FDORRy MEXKEL BRARHDT, (iR
BER/ ARy MO HLBEL LTS 7 7HHEII R LTV 5.
WO L—HFIZBWT Y, E— 2 ST —n3 KT 3 & B
S, ERLBICKEL LZEANBRAOLND. 2, EnYAG L —
FIZBNWTEHIRAE S PEWMIKEL Lo TRY, I EL
TWDZEMONE. ML —HFICL WV ERENDEROTKE
H#d 5 &, Nd:YAG L —H TIEERERICH NES AN EN
DIZX L, EnYAG LV —H TIIEEBER IV b K&V, -,
EnYAGL —# TIT AR v MRICH 5 BIRELR D KR A3200%

ase a8

gy S 800 T T ™60 & 1400

- —D—‘ —D—1 —L ) —

22 600 | Diameter 1 = &>

g @ = 1000

- 440 & = >

© 8 400 | g =8

B 1. 8 B 600

S° 200} Depth 108 5° . ]
B {4 = : Diameter B "
= 0 1 L g = 200!

2 0 10 20 30 8 4 1216

Number of laser pulses

Number of laser pulses

(a)Nd:YAG laser (t=0.3ms)
Fig.11 Influence of number of pulses on perforatability ( /~10Hz)

(b)Er:YAG laser (t=0.2ms)
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Fig.12 Photographs of perforated cavities with Nd:YAG laser (/=10Hz, n=10pulses)
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Fig.13 Perforation of cavities without thermal damage in dental tissue
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