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Development of Pinpoint Laser Therapy Apparatus
by Scanning a Fine Laser Spot
(Wide Laser Scanning using the Shrink Fitter Method)

Isami NITTA*® Yasushi KAN, Tomohiro MARUYAMA,
Yoshitaka MAEDA, Xuefeng ZHAO and Akihiro KANNO

*¢ Niigata University, Department of Mechanical Engineering,
8050 Ikarashi-2-nocho, Niigata-shi, Niigata, 950-2181 Japan

To improve unwanted pigments in the skin laser light is irradiated on the pigmented lesion.
Melanin, locally existing in the skin, selectively absorbs the laser light. At the present time, the laser
guns used in dermatology are manually operated and their laser spots are as large as 3 to 7 mm in
diameter. It is thought that normal tissues, which do not contain melanin so much, are hardly
damaged by the laser irradiation. However, in reality terrible burns appear after the laser irradia-
tion even in the normal tissue. We have developed a new type of laser apparatus for removing only
the pigmented lesions with laser scanning technology. A 78 lens unit assembled by a shrink fitter can
focus the laser beam well over a wide scanning width. The effect of the laser pinpoint irradiation to
only the pigmented lesions on the pigmentation therapy was experimentally examined with the
developed apparatus. As a result, the pigmented lesions were able to be removed without affecting
any damage to the surrounding tissue. Thus, the laser pinpoint irradiation was proved to be effective
in the pigmentation therapy.

Key Words: Medical Engineering, Optical Engineering, FEM, Laser Therapy, YAG Laser, Shrink
Fitter, Laser Scanning, /¢ lens, Melanin
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Fig.1 Schémau'c diagram of the laser therapy
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(a) Photograph of the experimental apparatus
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(b) Light pass of the laser beam
Fig.2 Schematic diagram of the experimental apparatus
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Fig.3 Absorption coefficient as a function of wavelength
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Fig.6 Sampling of lentigo by image processing
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Fig.7 FEM mesh of the skin for spot diameter 12{pm]

Table 1 Conditions in thermal analysis

Laser(Nd:YAG, 532[nm], CW)

Spot diameter 12[pm], 125[pm],
1[mm)]
Power density 51.0(kW/cm’]
Skin(Epidermis)
Termal conductivity” 0.37[W/m-K]
Specific heat” 34X 10°J/(kg-K)]
Density™ 1.1 X 10’[kg/m’)
Convective heat transfer coefficient®  0.39[W-m?*K]
Initial temperature 36.5[°C]
Peripheral Temperature 250[C]
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(a) Temperature change after the laser irradiation
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(c) Temperature distribution for spot diameter 1[mm]
Fig.8 Calculated results of temperature after the laser irradiation
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(c) Before laser irradiation (d) After laser irradiation
Fig.9 Laser irradiation to the tattooed skin

(f) After four weeks
of laser irradiation
Fig.10 Laser irradiation to the other tattooed skin

(e) Before laser irradiation
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(a) Before laser irradiation (b) After laser irradiation

Fig.11 Cross section of the tattooed skin
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