Removal characteristics of dental tissue with
Er:YAG laser irradiation: effect of laser induced
bubble on cavity preparation
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Removal Characteristics of Dental Tissue with Er:YAG Laser Irradiation
(Effect of Laser Induced Bubble on Cavity Preparation)
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This paper deals with the removal characteristics of dental hard tissues by irradiation of a pulsed Er:YAG laser
beam with a wavelength of 2940 nm. The influence of water-layer thickness on the cavity preparation is experimentally
investigated. As a specimen, extracted human tooth is used and the laser beam is irradiated to its surface through the
optical fiber. Additionally, the phenomenon of the laser beam irradiation in the water environment is observed with a
high speed video camera. As a result, the irradiated laser beam in water environment is immediately absorbed to water,
and the evaporated area could make it possible to transmit the laser beam without any absorption. The removal volume
on human tooth in water environment was increased with increasing the irradiated laser energy, and decreased with
increasing the water-layer thickness. There were no thermal damages on the cavity surface in each condition. The
eliminated volume in water environment was quite larger than that in air environment. The human tooth in water
environment was eliminated by the bubble formation which was caused by laser beam irradiation in addition to the
ablation of human tooth which was caused by the absorption of laser beam directly.
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Table 1  Specification of laser
Laser beam ErYAG (PW)

Wavelength [ nm ] A 2940
Energy [ mJ/pulse] E 23-191
Pulse width [pus] T 200
Frequency [Hz ] f 1-25
Contact tip
Material Quartz
Diameter [ um ] fc 600

16 30 SEI

500 pm
Fig. 1 SEM image of fiber tip
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Fig. 4 Beam profile emitted from contact tip
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Table 2  Experimental conditions for observation
of laser irradiation in water environment

High speed camera
Recording speed [ fps] 100,000 Contacttip
Sampling time [pus] 10
Resolution [ -] 320 x 192

Light source

| Acrylics vessel

Stroboscopic flash [

Observation cell Irradiation distance
Material Quartz (0.5—2.5mm)
Size [mm] 3x10x44 +

Environment Distilled water ——CaF,glass

Laser conditions Fig. 5 Experimental conditions
Energy [ mJ/pulse ] E 102
Pulse width [ us ] r 200
Number of pulse [number] n 1
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Fig. 6 Observation of fiber tip during laser beam irradiation in water environment
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Fig.7 Influence of distance from fiber tip to bottom face on evaporation of distilled water

w
]

Laser beam: Er:YAG
-Contact tip: Lasetip C600F
E =102 mJ/pulse
| 7=200 ps
| f=1Hz

ul
(=]

5 5 0N N
S 8

S

reaches to bottom face s

(o]
(=]
T

Q005 10 15 20 25 30 35 40
Water layer thickness mm

Fig.8 Influence of water layer thickness on the reached time of the vapor bubble

Time interval until evaporated area
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Fig. 11 Profile of prepared cavity
(E: 104 mJ/pulse, Distance from fiber tip to specimen: 0.5 mm, Environment: In water)
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Fig. 12 SEM image at the irradiated surface of the prepared cavity
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Fig. 14 Influence of laser energy on cavity area and depth Fig. 15 Variation of eliminated volume with irradiation distance
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