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Non-contact Measurement of Local Water Content in Skin
Using a Terahertz Electromagnetic Pulse*

Takeshi Yasur,™ Yoshiyuki Tonno,*** Tsutomu ARAKT**

Abstract We propose the application of a terahertz electromagnetic pulse (THz pulse) for non-contact
measurement of local water content in the skin. The free-space propagating THz pulse is generated as dipole ra-
diation from a photoconductive antenna triggered by a femtosecond pulsed light from a mode-locked Ti: Sapphire
laser. Strong interaction of the electromagnetic wave with water in the THz region enables the measurement of
water content in the skin using the THz pulse. The ultrashort temporal width of the THz pulse can probe depth
information on the skin in the same manner as the ultrasound pulse echo method. In this paper, we demonstrate
measurements of water content and thickness of the analytical region in a human skin sample based on the time-
of-flight method for THz pulse echo. A relative change of water content in the sample was determined by the
change in the peak height of the THz pulse echoed from the skin surface. With respect to tomographic informa-
tion on the skin, we observed THz pulse echo from an air-corneum interface and that from an epidermis-dermis in-
terface, successively. Simultaneous quantification of the water content and thickness will be a powerful tool for
monitoring the hydration level with respect to morphology of the skin.
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Fig. 1 Principle of the proposed method.

(a) Layer structure of skin tissue, and (b) Temporal waveform of THz pulse echo.
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Fig. 3 Fundamental property of THz pulse.
(a) Temporal waveform, and (b) Amplitude spectrum.
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Fig. 4 Spatial resolution of the proposed system.
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(a) THz spot diameter determined by knife-edge measurement, (b) Optical image, and (¢ ) THz image of a paper knife.
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Fig. 5 THz echo pulse obtained from human palm skin.
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Fig. 6 Temporal change of water content in human palm
skin.
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