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Summary

Ultrasound-guided puncture has been used in the medical field. For example,
there are convex ultrasonic probe with puncture guides and there are ultrasonic
probes for endoscopic ultrasound-guided fine-needle aspiration (EUS-FNA).
Making an accurate puncture with them requires great skill because when they are
used they are oblique to the lesion area punctured. In this study, I aimed to
develop an ultrasonic probe with a through-hole in order to puncture a forward
lesion while observing the lesion and the needle tip. I elucidated the detection
principle of the needle tip and evaluated basic properties of the ultrasonic probes.

I used the pulse-echo technique to observe the forward lesions and used edge
waves to observe the needle tip. I investigated the phase of signals from the needle
tip by using an ultrasonic probe on which the transmitter and receiver were
separated. When the transmitter and receiver were on opposite sides, the phase of
the received signal was the same phase as that of the transmitted pulse. When the
transmitter and the receiver were on the same side, the phase of the received
signal was opposite that of the transmitted pulse. From these results, the detection
principle of the needle tip was explained by edge waves.

The position of the needle tip was observed in real-time when using a ring-type
probe with a through-hole, a 13-element probe with a through-hole, a U-type probe
with a through-hole, and a linear array probe with a through-hole. The signals
from the needle tip were observed when puncturing agar, part of a resected
stomach wall, pig liver, and a blood vessel phantom. Observing a human jugular
vein, I considered that it was possible to puncture while observing the needle tip.

Finally, I described how a 3-D image can be acquired using a 2-D array probe.



