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TABLE 22.1
Acoustic and Optical Properties of Tissues
Acoustic Optical

o, (dB/MHz/cm) n (<) H, (/em) i, (/em) g plUem)
Epidermis 35 0.6 40 420 0.85 62
Dermis 35 06 23 175 0.85 30
Tendon 45 08
Brain 0.85 11 02403 40-20
Liver 07 12 2.3 (635 nm) 33 0.68 100
Spleen 04 1.3 60(1.064nm} 137 (1.064nm) 090 137
Whole blood (oxygenation >98%) 0.18 6.5 (810 nm) 690 0.989 759
Water 0.0022 2
Note: Optical properties are for the 800 nm wavelength unless otherwise noted. Reproduced from Tuchin, V. [8] and Hill, C. R.

etal. {9}
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A Diagnostic System for Articular Cartilage Using
Non-Destructive Pulsed Laser Irradiation

Masato Sato, Mp, phD,'* Miya Ishihara, pup,2 Makoto Kikuchi, pup,? and Joji Mochida, Mp, Php*
IDepartment of Orthopaedic Surgery, Surgical Science, Tokai University School of Medicine, 143 Shimokasuya,

Isehara, Kanagawa 259-1193, Japan

2Department of Medical Engineering, National Defense Medical College, 3-2 Namiki, Tokorozawa,

Saitama 359-8513, Japan

Background and Objectives: Osteoarthritis involves
dysfunction caused by cartilage degeneration, but objec-
tive evaluation methodologies based on the original
function of the articular cartilage remain unavailable.
Evaluations for osteoarthritis are mostly based simply on
patient symptoms or the degree of joint space narrowing
on X-ray images. Accurate measurement and quantitative
evaluation of the mechanical characteristics of the carti-
lage is important, and the tissue properties of the original
articular cartilage must be clarified to understand the
pathological condition in detail and to correctly judge the
efficacy of treatment. We have developed new methods
to measure some essential properties of cartilage: a photo-
acoustic measurement method; and time-resolved fluor-
escence spectroscopy.

Materials and Methods: A nanosecond-pulsed laser,
which is completely non-destructive, is focused onto the
target cartilage and induces a photoacoustic wave that
will propagate with attenuation and is affected by
the viscoelasticity of the surrounding cartilage. We also
investigated whether pulsed laser irradiation and the
measurement of excited autofluorescence allow real-time,
non-invasive evaluation of tissue characteristics.
Results: The decay time, during which the amplitude
of the photoacoustic wave is reduced by a factor of
1/e, represents the key numerical value used to character-
ize and evaluate the viscoelasticity and rheological
behavior of the cartilage. Our findings show that time-
resolved laser-induced autofluorescence spectroscopy
(TR-LIFS) is useful for evaluating tissue-engineered
cartilage.

Conclusions: Photoacoustic measurement and TR-LIFS,
predicated on the interactions between optics and living
organs, is a suitable methodology for diagnosis during
arthroscopy, allowing quantitative and multidirectional
evaluation of the original function of the cartilage based
on a variety of parameters. Lasers Surg. Med. 43:421—
432, 2011. © 2011 Wiley-Liss, Inc.

Key words: osteoarthritis; photoacoustic measurement;
time-resolved autofluorescence spectroscopy; tissue-engi-
neered cartilage

© 2011 Wiley-Liss, Inc.

INTRODUCTION

Osteoarthritis is thought to affect about 30 million
people in Japan [1], but is not a direct threat to life. How-
ever, this condition both affects activities of daily living
and diminishes quality of life among sufferers, so the
associated human and social loss is difficult to estimate.
The disease involves dysfunction caused by cartilage
degeneration, but objective methodologies of evaluation
based on the original function of the articular cartilage
are currently unavailable. Evaluations that are currently
used to establish conservative therapies or the prognosis
of surgery as a treatment for osteoarthritis are merely
based on patient symptoms or the degree of joint space
narrowing on X-ray images. Accurate measurement and
quantitative evaluation of the mechanical characteristics
of cartilage (viscosity, elasticity, and lubrication) are
important, and the tissue properties of the original articu-
lar cartilage need to be recognized if the pathological con-
dition is to be understood in detail and treatment effects
judged accurately. The development of such evaluation
technologies is thus required to facilitate a functional
diagnosis of osteoarthritis. If these evaluations can be
achieved non-invasively, an accurate understanding of
the pathologies should be possible, allowing the planning
and performance of treatments for locomotor apparatus
diseases that accompany the degeneration of cartilage,
such as osteoarthritis. Such evaluations would also be
useful as objective tools in situations such as the clinical
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