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ABSTRACT
The purposes of this study are (1) to

investigate the dynamic loadings (the
three-dimensional joint force, moment and
power of the knee joint) during the activities
of daily living, including sitting to standing,
level walking and the stance stability; (2) to
quantitatively evaluate the effect of these
four clinical treatments (intra-articular
lubricants, drug therapies, arthroscopic
debirdement, and physical therapy) for the
OA knee with biomechanical analysis; (3) to
investigate the relationship between the
clinical evaluation index of OA knee and the
functional performance of activities of daily
living. The expected results of this study are
the findings of the mechanical loadings (joint
moment, force and power) of
musculoskeletal system in lower extremity
and the dynamic loading of muscle groups.
Based on the biomechanical analysis for the



OA knee, it will be able to provide the basic
guidelines for the patients with OA knee to
prevent the activities or posture which is
vulnerable to secondary knee injury. This
study will be of practical benefit to the design
of orthoses of lower extremity. It will be also
helpful for the evaluation of different clinical
management and the prediction of medical
cost.

Keywords: Knee Osteoarthritis, Chair Rising,
Biomechanics.

BACKGROUND AND OBJECTIVE
Osteoarthritis (OA) is a widespread,
slowly developing disease, with a high
prevalence increasing with age (Badley et al,
1992). It is also one of the most common
causes of functional limitations and
dependency. The most common large joint
involved in the disease is the knee joint.
Osteoarthritis of the knee is particularly
disabling due to the symptoms such as pain,
stiffness, decreased range of motion, and
muscle weakness. These symptoms can
severely impair or limit the ability to climb a
flight of stairs, rise from a chair, and walk,
ultimately leading to a loss of independence
(Cooke et al, 1986). There is no specific
known  underlying reason for the
development of osteoarthritis and the
resulting deformity. However, the abnormal
joint loadings on an OA knee result in pain
on the joint and lose of joint function. The
biomechanical analysis of the loading and the
function of knee joint is greatly important to
evaluate the advanced knee arthritis and
understand the pathology of the OA knee.

Clinically, the main treatments of the OA
knee are intra-articular lubricants, drug
therapies, arthroscopic debirdement, and
physical therapy program. By understanding
of the biomechanics during activities of daily
living, it is helpful to quantitatively evaluate
the effect of these treatments. The aim of this
study is to evaluate the effect of clinical
treatment to osteoarthris of the knee.
Biomechanics of the chair rising, stance

balance, level walking and isometric muscle
strength of hamstrings and quadriceps will be
analyzed to quantitate the effect of clinical
treatment and to classify the OA knee by
comparing the finding from radiography.

RESULTS AND DISCUSSION

The subjects source of this study are from
the patients who accept clinical treatment
(intra-articular ~ lubricants,  arthroscopic
debirdement, nonsteroidal anti-inflammatory
drug therapies, or physical therapy program)
of OA knee. To guarantee sufficiently
varying input data for modelling, the subjects
were selected on the following criteria: 1. No
OA occurred at other joints except the knee.
2. The severity of OA knee is grade | or 11.3.
No present injuries to lower extremity. For
comparison, the data of the healthy normal
subjects with compatible age was collected as
the control group. Data collection for chair
rising, level walking, stance balance, and
muscle strength was performed for each
subject every two weeks. For each subject,
the duration of data collection was lasted for
6 months at least.

The data collection of control group has
been finished in this year. Also, we are
collecting the data of four different groups of
patients and it will be finished and discussed
in the next two year. The results of control
group are listed and discussed in the
following section.

The subjects were walking on the level
ground and raised from the chair with
different chair’s height (85%, 100% 115%
knee’s height). Motion analysis system with
two force plateforms were used to collected
the data of ground reaction forces/moments
and segmental movements. A personal
designed programs written in MATALB
language was used to estimated joint
movements and joint forces/moments. Euler
angle was used to calculate the
three-dimensional joint movements of lower
limbs for each test. The range of motion for
hip flexion/extension, hip axial rotation, hip



abduction/adduction, knee flexion/extension
and ankle dorsiflexion/plantarflexion were
showed in the Figure 1. The results showed
that the range of motion for knee
flexion/extension, hip flexion/extension, and
ankle  dorsiflexion/plantarflexion ~ were
decreased with the height of the chair during
the test of chair rising.
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Figure 1: The joint range of motion of lower
limbs in level walking and chair rising.

The joint moments of hip extension, knee
extension and ankle dorsiflexion during chair
rising was showed in the Figure 2. The center
of pressure of foot was moving from toe to
the ankle joint during the chair rising. Hence,
The dorsiflexion moment was found in the
ankle joint. The results also showed that the
joint moments of knee extension and ankle
dorsiflexion were decrease with the height of
the chair. It is consist with the results that the
patients have problem to raise form the chair
if the height of chair is less than 100% of
knee height.
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Figure 2: The joint moments during chair
rising. N: Newton; BW: body weight.

For the control group, the results also
showed that the knee extension moment of
dominate limb was greater than that of
non-dominate limb during the chair rising.
However, if the height of chair is less than
100% knee height, there is no difference

between two lower limbs. For the patients
with Osteoarthritis knee, the results of
affected side are greater than that of
un-affected side. It is because that the patient
shifted his/her weight to un-affected side in
order to reduce pain. The details will be
discussed after the data collection of patients
is finished.

Standing balance were measured with a
AMTI fore plates. The tests consist of two
sensory conditions: (1)comfortable stance,
eyes open; (2)comfortable stance, eyes closed.
The testing sequence will be random. Each
trial at least lasted for 20 seconds. The
parameters to describe the stance stability,
including sway path, sway velocity, sway
acceleration, dispersion index  and
stabilometry area were computed in this
study. The path of center of pressure in
horizontal plan is showed in Figure 3. For the
control group, all the parameters (the length
of sway path, velocity, acceleration,
dispersion index and stabilometry area)
showed that there were differences between
two tests (eyes closed and eye open). It is
implied that the stability of balance is
decreased when the eye is closed.
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Figure 3: The path of center of pressure

SELF-EVALUATION

A personal designed programs written in
MATALB language for estimating joint
movements and joint forces/moments have
been developed for the tests of level walking,
and chair rising. Also, the programs for
estimating the parameters of stability of
balance were finished too. We also have
finished the data collection of control group.
The results were listed and discussed above.



The ongoing tasks of next two years (2" and
3" years) are data collection of four different
groups of patients.

In order to compare the results with
previous studies, we planed to collect the
data of chair rising with four different chair’s
height (65%, 85%, 100%, and 115% knee’s
height) in our original project. However, we
found that patients and some control group
subjects have problem to perform the
movement of chair rising with the chair’s
height at 65% knee’s height. The test of this
chair’s height will be the patients’ option in
the next two years.
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