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Abstract

Abstract

Knee osteoarthritis is one of the most prevalent chronic diseases, which makes
patients extremely suffering. Early diagnosis and cure could be very effective in
protecting the structure and function of knee joints, making it the focus of the
treatment of knee osteoarthritis. Near infrared reflectance spectroscopy has been
widely applied to biomedical sciences because of its fast analysis speed and less
damage to samples. Thus, near infrared reflectance spectroscopy is chosen to study
knee osteoarthritis. As the basic research, the transmission properties and the
mechanisms on the interaction of light and knee tissue have drawn greater attention.

In this dissertation, three-dimensional voxel model is used to simulate knee joint
tissue and the transmission properties of the photons in knee joint tissue are studied
with Monte Carlo method. The relationship between the incident location of light
source and reduced attenuation coefficient of knee tissue are analyzed. It lays a certain
theoretical foundation for the early detection of knee osteoarthritis. The main contents
of the dissertation are as follows:

(1) Monte Carlo method is applied to detect early knee osteoarthritis. The
following contents are studied: firstly, according to knee tissue’s pathological and
optical feature, the principle of near-infrared detection of knee osteoarthritis is
described. Then, propagation of near-infrared photons in three-dimensional knee joint
model is simulated and the proportion of photons which collide with bone tissue then
migrate out of the muscle tissue and photons directly migrate out of muscle tissue are
calculated. Finally, migration trace and distribution rule of photons are analyzed and
propagations of photons are simulated when lights are injected from different
locations. Light distributions in the face of knee joint issues are recorded when
attenuation coefficient is altered.

(2) A series of experiments are conducted on the model and the results of MC are
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confirmed with the experimental results.

Keywords: Knee osteoarthritis; Near-infrared light; Monte Carlo method
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