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Development of photoacoustic imaging system of finger
vasculature using ring-shaped ultrasound transducer

Tsuyoshi Shiina
Graduate School of Medicine, Kyoto University, 53 Shogoin Kawahara-cho, Sakyo-ku,
Kyoto, 606-8507, Japan

ABSTRACT

For an earlier diagnosis of rheumatoid arthritis (RA), it has been important to visualize its
potential marker, the vascularization in the synovial membrane of the finger joints. Photoacoustic
(PA) imaging, which can image blood vessels at high contrast and resolution is expected to be a
potential modality for earlier diagnosis of RA. In previous studies of PA finger imaging, different
acoustic schemes such as a linear or arc-shaped array have been utilized, but those have limited
detection views, rendering inaccurate reconstruction, and most of them require rotational
detection. We are developing photoacoustic system for finger vascular imaging using ring-shaped
array ultrasound transducer. Through designing the ring-array based on simulations and
phantom experiments, we presented the system can image multiple objects in different diameter
and has the potential to image small objects i.e.,0.1-0.5 mm in diameter at the accurate position by
providing PA and ultrasound echo image simultaneously. Besides, we indicated that the resolution
of slice direction corresponded to that of the simulation, which achieved a few millimeters. In the
future, this system may visualize the 3-D vascularization of RA patients’ finger.

Keywords: photoacoustic imaging, rheumatoid arthritis, ring-shaped ultrasound transducer, finger vascular
imaging

1. INTRODUCTION

Rheumatoid arthritis (RA) is a chronic autoimmune disease that causes swelling, stiffness, and pain in joints.
Around 1-3 % of the population is affected by RA. Without appropriate diagnosis and treatment at early stages,
this disease leads to cartilage and bone destruction of the joints, making patients suffer from reduced quality of
life. Development imaging techniques is needed for preventing those disabilities’™. Recently, it has been
reported that inflammation of synovial membrane, synovitis is associated with the vascularization in synovial
membrane, which can be a remarkable marker of RA, and in early stages, it often appears in finger joints.
Conventional radiography is sensitive to changes in joint spaces and bone erosion, mainly applied at late stage.
Magnetic Resonance Imaging (MRI) can visualize the synovitis but is expensive and requires contrast agents.
Doppler Ultrasound (US) is widely used for the assessment of vascularity of the inflamed synovium but is
dependent of observers’ techniques and difficult to quantify®.

Photoacoustic (PA) imaging is expected to be a new modality complimentary potential to these imaging devices®.
This technique images light absorbing structures in the tissue such as blood vessels by illuminating short
nanosecond pulses to the skin surface, which leads to thermo-elastic expansion and propagation of ultrasound
waves from them, and detecting the ultrasound signal by an US transducer®’. PA imaging can image small
vasculature in finger joints at high contrast noninvasively without contrast agents by using a wavelength specific

absorption of laser light by chromophores in tissue?. (LA F. BREZAFH)
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