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Abstract. Since 1985, we have been developing a scanning acoustic microscope (SAM) system for biomedical use and have
been investigating the acoustic properties of various organs and disease states by using this SAM system. In biomedicine, SAM
is useful for intraoperative pathological examination, study of low-frequency ultrasonic images, and assessment of biomechanics
at a microscopic level. Recently, we have proposed a new concept — acoustic microscopy — using a single pulsed wave instead
of continuous waves used in conventional SAM systems. In the present study, we compared two systems by measuring the
same biological material. The sound speed image obtained by sound speed microscopy corresponded well to that obtained
using a conventional SAM system. Lesions with hyaline degeneration showed a lower sound speed when compared with that of
normal myocardium. Frequency domain analysis of amplitude and phase by both methods also showed similar characteristics.
Although the data acquisition time of one frame was greater than that in conventional SAM, the total time required for calculation
was significantly shorter. The SAM system can be applied to intraoperative pathological examination.

1. Introduction

Since 1985, we have been developing a scanning acoustic microscope (SAM) system for biomedical
use and have been investigating the acoustic properties of various organs and disease states by using
this SAM system [1-9]. In biomedicine, SAM is useful for intraoperative pathological examination,
study of low-frequency ultrasonic images, and assessment of biomechanics at a microscopic level. The
originality of the traditional SAM system lies in providing quantitative values of attenuation and sound
speed of thin slices of soft tissue. Although the system may be currently in use, it cannot be repaired
because it was constructed using precise hand-crafted technologies and analog signal acquisition circuits.
In particular, the x-axis scan is driven by a spiral spring technique that originated from the technologies
used in the Japanese watch industry.

* Address for correspondence: Yoshifumi Saijo, Affiliation: Department of Medical Engineering and Cardiology, Institute of
Development, Aging and Cancer, Tohoku University, 4-1 Seiryomachi, Aoba-ku, Sendai 980-8575, Japan. Tel.: +81 22 717
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Fig. 1. Block diagram of the scanning acoustic microscope system developed by Tohoku University and Honda Electronics Co.
Ltd. in 1985.

Recently, we have proposed a new concept — acoustic microscopy — using a single pulsed wave instead
of continuous waves used in conventional SAM systems. In the present study, we compared two systems
by measuring the same biological material.

2. Methods
2.1. Tissue preparation

A heterotopic abdominal cardiac transplantation was performed in a mousc. The mouse was not
administered any anti-immune drugs. The mouse was killed 7 days after surgery. In order to obtain
cross scctions of the heart, histological specimens were prepared, and 10 um and 4 pm thick sections
were obtained for scanning acoustic microscopy and Elastica-Masson staining for optical microscopy,
respectively. The specimen was ranked AR grade 3 based on the following scale of increasing levels of
allograft rejection (AR): AR grade 0 (normal), AR grade 1 (lymphocyte infiltration), AR grade 2 (focal
necrosis), AR grade 3 (diffuse necrosis), and AR grade 4 (presence of hemorrhages) as proposed in the
Journal of Heart and Lung transplantation.

2.2. Conventional scanning acoustic microscopy

Figure 1 shows a block diagram ofthe conventional SAM system that operates in the frequency range of
100-200 MHz. The acoustic focusing element comprises a ZnO piezoelectric transducer with a sapphire
lens whose aperture half angle is 30°. The lens focuses the acoustic bcam with lateral resolution. Its
half power width is from approximately 6 gm at 200 MHz to 12 um at 100 MHz in water at 20°C. Forty
continuous ultrasonic pulses were input to the transducer from an analog pulse generator at an arbitrary
frequency. The focusing element is mechanically scanned at 60 Hz by using a precise spiral spring in the
lateral direction (x) above the specimen. The sampling holder is scanned in the other lateral direction (y)
by a stcpping motor in 8 s, thus providing two-dimensional scanning. Two-dimensional distribution of
amplitude and phase is obtained in a 0.5 mm, | mm, or 2 mm field of view. The image processor stored
the eleven frames of amplitude images in 10 MHz steps in the range 100 to 200 MHz and 5 phase images
in 10 MHz steps in the range 100 to 140 MHz. The thickness of the specimen was determined from the
frequency-dependent characteristics of the amplitude and phase of the received signals obtained at the
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