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Abstract

It is highly desired to develop a quantitative diagnosis method for liver fibrosis based on ultrasonic
imaging system which visualizes the organ safely in real time. To clarify quantitative relationship
between the diagnostic information based on the ultrasonic image and the structural change of the liver
tissue, a co-occurrence matrix that characterizes the spatial relation of pixel pairs was used in
combination with a multi-Rayleigh model expressing the echo amplitude distribution.

Ultrasonic images of different types of fibrotic livers were created by simulation and the texture
feature contrast was calculated to quantify the co-occurrence matrices generated from the images. The
results show that the contrast converges to the value which can be theoretically estimated by multi-
Rayleigh model. It is also found that the contrast value increases as the liver fibrosis progresses and
fluctuates depending on the size of fibrosis structure such as nodules.

Next, the fluctuation of the contrast reflecting fibrous tissue structure in response to the pixel pair
distance was analyzed. Analysis using the periodic fiber structure model quantitatively clarified the
contrast fluctuation is generated by the modulation in the number of pixel pairs with combination of
high brightness from fibrous tissue and low brightness from normal tissue. This fluctuation give the
structural information of the fibrotic liver tissue that is useful for diagnosis of liver fibrosis stage.

Then, we proposed a new quantitative method of fibrous tissue imaging using the contrast
fluctuation. In this method, a higher brightness pixel of a pair contributing fluctuation is selected and
weighted by the fluctuation value. In addition, integration along the pixel pair distance and weighting
by the contrast convergent value enable the precise and quantitative fibrous tissue imaging without
false recognition of high brightness pixels from the normal tissue. This method was verified in both
the simulated and clinical images. It is concluded that these methods give quantitative information to

diagnose degree of liver fibrosis.



