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Construction and Investigation of the Bone Quantitative

Ultrasonic Detection System

ABSTRACT

As for a major organ, bone plays an important role in multiple aspects of individua
performance. Bones not only sustain the weight of body, but also protect the most important
organs, hematopoiesis, secure brain and nervous system, bear outside compact, and maintain
mineral materials. Therefore, maintenance bone healthy is the base of keep physical health. On
the other hand, as a multiple public health problem, osteoporosis becomes more and more
regardful by people. Nowadays, quantitative ultrasonic (QUS) detection is regarding as a useful
clinic diagnose method which is performing well in developed countries because of its great
advantages such as cheap, portable, easy operation, non-radiation, high degree of accuracy and
non-destructive.

From the later years of 1990's, QUS began to be used in clinic areain China. Although its
clinical application seems active, the study of QUS is not seemingly since no commercial
product was found. As for the equipment phantom, only the investigators in Tsinghua University
and Tianjin University performed related works about speed of sound (SOS) that is one of the
two basic parameters of QUS. The other parameter is broadband ultrasonic attenuation (BUA).

This thesis develops a QUS system programmed by LabVIEW, a famous visible
programming language, combined with a Panametrics 5800PR ultrasonic pulser and receiver
system and a Tektronix TDS 220 digital oscilloscope with computer. This system is an analysis
equipment which can acquire and save data from SOS (including longitudinal wave and shear
wave) and BUA measurement process and dispose the saved data automatically. The results are
compared with the works by former investigators.

Moreover, the influences of physical and chemical properties by demineralization and
decollagenzation upon bone are determined by DMTA, DSC, FTIR, mechanical character
testing, etc. Among the testing methods, acting as a polymer method, DMTA is used to
determine bone’'s character only in recent years. We can acquire more understanding and
acknowledge about bone's properties by multiple ways.

This study verifies the influence of the treatment of demineralization and decollagenzation

on the bone's mineral contents and density. The bone specimen’s density is lower after



demineralization treatment and higher after decollagenzation treatment. These facts indicate that
the whole mass of bone is mainly contributed by the mass of mineral contents. The value
changes of SOS and ultrasonic attenuation coefficient while mineral content changes are
investigated. Compared with untreated specimen, both demineralization and decollagenzation’s
SOS are decreased, but their ultrasonic attenuation coefficients are significantly increased.

The simplex compression test is performed on cancellous bovine bone specimen. The
method yields out the elastic range of cancellous bovine bone.

After analyzing the results of DSC and DMTA tests and former discussions, some new
viewpoints are proposed about the changing temperatures in thermal spectrum of bovine bone.
For example, the peak number of decompose changing temperatures of bovine bone is three
rather than usually considered two. The reason of thisjudgment isillustrated.

FTIR is used to study the differences of bovine bone specimens with different mineral
contents. It is clear that the changes of intensities of peaks which belonged to amino in collagen
and the peaks belonged to tricalcium phosphate (TCP) and hydroxycarbonate apatite (HCA)
were seemingly accordant with the mineral contents change after demineralization and

decollagenzation.

Key Words: Quantitative Ultrasonic; Speed of Sound; Broadband Ultrasonic Attenuation
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Figl.1.1 Hierarchical structural organization of bone: (a) cortical and cancellous
bone; (b) osteons with Haversian systems, (c¢) lamellae; (d) collagen fiber
assemblies of collagen fibrils; (€) bone mineral crystals, collagen molecules, and
non-collagenous proteins.
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Figl.1.2 Osteon photo by optical microscope x 100
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Figl.1.3 A schematic diagram illustrating the assembly of collagen

fibrilsand fibersand bone mineral crystals. The well known 67 nm
periodic pattern resultsfrom the presence of adjacent hole (40 nm)
and overlap (27 nm) regions of the assembled molecules.

Figl.1.4 Scanning electron micrograph of a thin section of
successfully defatted/hypochlorite-treated bovine bone matrix.
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