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Abstract: The reason of this investigation was to evaluate the kinematic and kinetic gait
analysis of persons who are suffering with bilateral knee osteoarthritis and with their healthy limb
gait mechanics. Twenty subjects who are affected with the knee osteoarthritis (OA) with different
age group, sex and body mass index were included in the study. This investigation aims at
comparing the gait pattern of the hip joint and ankle joint between the knee OA and their other
healthy limb gait mechanics. Kinematic and kinetic parameters were observed in depth with the use
of Vicon gait analysis system. The motion range in sagittal, coronal and transverse plane, and peak
joint moments of hip joint, knee joint and ankle joint were investigated. It was observed that speed
of walking varies within the range of 0.99 m/s to 1.02 m/s for the subjects. The mean speed of
walking for the subjects is 1.00 m/s. The stride length is measured in the range 1.02 m to 1.09m,
averaging 1.05m. The pattern of the knee moments show a negative (flexion) internal moment at
the joint indicating the line of action of the ground reaction forces (GRF) passing anterior to the
knee joint during stance phase (upto 60% of walking cycle) and the ankle varus moment was
observed 50% higher in the knee OA affected subjects, thus creating a higher external extension
moment at the joint. There is a significant increment in the GRF of the Knee OA patients in
comparison to the normal person. This increment in the GRF is responsible to change the knee
joint and hip joint gait mechanics. As the ankle moment is increased in association of Knee OA,
much care should be given to the ankle joint and hip joint while treating patients with knee OA.
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Many people are affected with knee osteoarthritis
(OA) due to extensive use of knee for multiple activities
even in continuous standing posture 2. Over a period of
time the knee is wear down which depends upon the
amount of usage of the knee and the side of knee used
most often. Osteoarthritis affected middle age to elderly
population and can damage the entire joint including
cartilage, ligaments and bone.® Some people get affected
in one knee, which is termed as unilateral OA. Whereas
bilateral knee arthritis affected people are called both
knee OA. Knee osteoarthritis is very painful and
damages the entire mobility of the lower limb*®. Range
of motion of knee OA patients is reduced and ground
reaction forces are increased & 7. Early diagnosis and
suitable treatment to the patient can reduce the further
damage of joint and improve the quality of life”). As the
disease progresses, the risk for further complications like
bone spur increases, impairing knee function, lack of
ability to perform daily tasks, and disability, in the most
severe cases. In the study of Al-Arfaj A® the
radiographic OA was observed in 60.9% in females and
53.3% males. Side effect of OA is observed in more than

50% persons beyond 65 years of age which includes
approximately 18% women and 10 % man®. Currently
there is no cure for OA.'? Gait speed changes after two
years of bilateral total knee arthroplasty (TKA) and
affects the kinematic and kinetic factors 12 . The gait
speed also depends on the muscular strength and age,
decreasing as subjects becomes weaker and older. 1314,
Impaired neuromuscular forces and activation of the
triceps surae muscle group affect the maximum walking
speed 1519, Factors like Gender differences influence
walking speed and gait cycle consistency in
community-dwelling older adults*®), In general such
patients are facing problems related to not only the
muscle strength, but also to restore their normal gait
pattern i.e. kinematics. Kinematics is equally important
consideration as kinetics while examining osteoarthritis
(OA) patients. In the kinetics of the OA patient gait
assessment, the knee adduction moment is high and it
contributes in the progression of arthritis'®?%). A system
model was developed to combine a number of
observations on the mechanical, biological and structural
components of OA to address the multifaceted nature??.
Many studies have been reported to assess the knee
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mechanics of OA patients.?2232425 However, very few
studies have been reported on the secondary gait changes
in the ankle and hip joints because theoretically hip, knee
and ankle joints are functioning as a single
kinematic/kinetic chain while walking®®. The ground
reaction forces (GRF) have significant effect on the
lower limb during stance phase of gait cycle?”). These
forces can be bypassed by using suitable support system
like knee braces. Knee braces fabricated with the use of
reinforced composite material had improved its
mechanical properties 2. This study is focused to the
calculation of the hip and ankle joint mechanics of the
knee OA patients.

2. Methods

A computerized gait analysis was performed for all
knee osteoarthritis affected patents with the use of Vicon
Motion Analysis system at Department of Physiotherapy
and Rehabilitation, Research & Referral, Army Hospital,
New Delhi Cantt. The system was consisting of six
infrared cameras with 60 fps frame rate and a force
platform to measure kinetic parameters of the patients as
illustrated in figure 1. Lightweight refractive markers
were placed on the body as per the Plug-in-Gait
Protocol?.

A computerized workstation with software is used for
data transfer, analysis, and storage. The methodology of
the experiment is mainly divided into three parts, one is
the experimental setup, second is the experiment
conduction and third is the results analysis system. For
the experimental framework a certain definable
laboratory arrangement and appropriate setup of the gait
analysis software was taken into consideration so as to
make it more meticulous. The experiment was performed
by collecting subject’s anthropometric parameters first.
The kinematic and kinetic data were recorded at 50 Hz.
Each subject was required to wear short trousers and
walk barefooted.

Fig.1: Motion capture system (Vicon Motion Analysis system
at Department of Physiotherapy and Rehabilitation, Research &
Referral, Army Hospital, New Delhi Cantt.)

The recording techniques were initiated by taking
anthropometric parameters of the subjects. The software
allowed three dimensional IR cameras for recording the
motion in the major joints of the lower extremities. The
video recordings were taken as an input for kinematic
assessment of the gait. Ground reaction forces (GRF)
during stance phase were recorded with the help of two
strain-gauged force platforms, dimensions (508 x 460
mm). A systematic block diagram of gait analysis system
is denoting the components used in the system and their
inter connectivity itself indicating the complete method
of motion analysis and data presentation.

3. Results and discussions

Basically three types of information are obtained from

this study:

(@  Temporal and stride information of gait is
obtained. These are the stride (cycle) time,
stride length, average speed of walking, instant
occurrence of foot flat, heel off, durations of
stance and swing phase expressed as function of
percent of walking cycle.

(b) Information from the kinematic analysis.

l. Range of motion (ROM) of the hip, knee and
ankle joints in the longitudinal (along the plane
of progression) and vertical directions.

. Relative angular displacement, velocity and
acceleration of knee and ankle joints with
respect to angular displacement, velocity and
acceleration of thigh.

(c) Information from kinetic analysis: Joint
Moment/torque generated at hip, knee and ankle
due to external forces.

3.1 Temporal and stride measurements

Characteristics and anthropometric data of knee OA in
comparison to healthy subjects are presented in the Table
1. Twenty (Male-Female) subjects were taken for the
study who are affected with the knee OA with the mean,
age group 64.5(SD 5.4) years, height 152.8(SD5.6), and
weight 62(SD 7.6). In total 35 (male-female) healthy
subjects were participated for the calculation of reference
gait parameters. These subjects have not reported any
knee problem and no one had any prior diagnosis of
Knee OA and any other problems. Their informed
consents were taken prior to the clinical examinations.

Table 1. Characteristics and anthropometric data of
Knee osteoarthritis and healthy subjects

Knee OA Healthy p-value
subjects | subjects(n=35)
(n=20) Mean(SD)
Mean(SD)
Age (Years) | 64.5(5.4) 63.8(3.1) 0.226
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Height(cm) | 152.8(5.6) | 154.6(4.8) 0.301
weight(kg) 62(7.6) 57.4(7.4) 0.003
BMI(kg/m?) | 27.2(3.6) 26.4(3.4) 0.002

The mean weight of the healthy subjects was
considerably less as compared to the Knee OA patents
(p=0.003). Spatiotemporal data are shown in Table 2. It
is observed that speed of walking varies within the range
of 0.99 m/s to 1.02 m/s for the subjects. The mean speed
of walking for the subjects is 1.00 m/s. Double support
occurs at about 22.7% of the cycle with the range
between 19.6% to 25.9% of cycle time. The single limb
support occurs at about 38.7% of gait cycle on an
average with a range of 34.7 % to 42.7% of the cycle
time. The stride length is measured about 1.05m on an
average 1.02 m to 1.09m. For fast walking speed the
stride length is measured high and for slow speed this
length is decreased.

Table 2. Average SpatioTemoral Parameters of knee
osteoarthritis subjects

) Affected With
o Without K.n.ee Knee Normal
Activity Osteoarthritis Osteoarthritis | Values
(Left Leg) (Right Leg)
Cadence§ 99.2 steps/min | 98.6 steps/min | 113 +12.4
(steps/min)
1st  Double
0 0 + 0
Support (%) 259 % 19.6 % 119+216%
TOT Double
0 0 + 0
Support (%) 46.3% 55.7 % 38.2+2.60 %
Single 0 0
+ 0,
Support (%) 34.7 % 427 % 38.2+2.60 %
Step
+
Length(m) 0.64m 0.55m 0.62+0.08 m
Step  Time
+
[s*100] 0.65s 0.54 s 499+2245s
Step 0.17m 0.13m 0.25+0.23m
Width(m) ' ' B
Stride 1.02m 1.09 m 1.2240.15m
Length(m)
Stride 121s 122 1.06+0.12s
Time(s)
Walking 1.17 + 0.23
Speed(m/s) 1.02 m/s 0.99 m/s /s

3.2 Kinematic Analysis

The convention used for the positive direction of
linear displacement, flexion and extension of thigh and
relative rotation at knee and ankle joints are shown in
Figure 3. Six trials were taken for the OA affected
subject. The angular displacement of thigh segments
relative to vertical reference line, the relative rotation
between thigh and shank axis at knee joint and that

between shank axis and the sole of foot at ankle joint are
shown in figure 2 and figure 3 respectively. From figure
3 it may be noted that thigh rotation from its flexion
position is about 16 to 20 degrees at heel strike. Thigh
rotates flatly to maximum extension of about 10 to 12
degrees at about 48% to 53% of cycle time of walking,
depending upon the speed of walking and height of
subject. After this, thigh goes on rapid flexion which
continues up to 80% of the cycle time during swing
phase. At the end of stance phase of gait cycle the thigh
becomes almost vertical. The magnitude of thigh flexion
during walking is observed to be maximum during swing
phase of walking (17 to 28 degrees).

Hip Ab/Adduction Hip Rotation

Hip Flexion/Extension

Abd deg Add
3

 o__o___

Ext deg Flex
.
Ext deg Int

20 40 60 80

Knee Flexion/Extension

20 40 &0 80
Knee Ab/Adduction

20 40 60 80

Knee Rotation

50 - L 40

Ext deg Flex
w
=1
e
o
Ext deg Int

-10 50 ]
L

20 40 60 30 20 40 60 B0
Ankle Dorsi/Plantar

20 40 60 &0
Foot Progress Angles

5 £ I
o £
0
g g
2 g
m ;’2UI I
IS b
) 30 I

20 40 60 30 20 40 60 80

Fig. 2: Kinematics of without knee osteoarthritis affected
subject during walking in sagittal, coronal and transverse plane.
(Flexion and extension are relative to % of cycle)

The relative rotation at knee joint (figure 3) indicates
that at heel strike, the knee flexion is almost zero. This
flexion increases slightly during loading phase. The knee
starts flexing with the heel off the ground and reaches
about 40 degrees of flexion at the time of toe off. The
peak values of knee flexion is reached at about 70% of
the cycle time and at slightly late for slow speed of
walking. The mean value of maximum knee flexion for
five subjects is found to be 62 degrees. Speed of the gait
is spontaneous measurement than physical examination
when examine the arthritis patients 39,

The relative rotation at ankle between the line parallel
to foot sole and the axis of the shank is given in figure 3.
Using the convention of increase in angle from 90
degrees as plantarflexion at heel strike and this angle
increases to about 8 degrees at foot flat position. After
this the angle decreases during forward motion of body
with foot flat on ground. The maximum dorsiflexion
angle of about 13 degrees is reached at about 40% to
42% of gait cycle, coinciding with heel off position.
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After heel is off the ground, the ankle starts extending
which continues up to 62% to 65% of walking cycle. In
order to allow clearance between foot and ground during
mid swing phase i.e, at about 80% of cycle time foot
flexes and after which extends to allow the heel to
prepare for next strike with the ground. The ankle
plantarflexion during foot flat period while wearing
shoes is reported in literature to be about 10 degrees,
which is more than that obtained for bare foot walking in
the present study. This is due to the fact that during
walking with the shoes the foot rotates as a rigid body
about the edge of the shoe sole at heel strike, but in case
of bare foot walking the soft pad at the sole of the heel
comes in contact with the ground which causes initial
plantarflexion at heel strike.

Range of motion of the hip, ankle was found

correlated with knee and smaller in the knee
osteoarthritis affected subject (figure 3).
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Fig. 3: Kinematics of knee osteoarthritis affected subject
during walking in sagittal, coronal and transverse plane.
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3.4 Kinetic Analysis

Joint reaction forces and moments developed at the
hip, knee and ankle joints are due to external ground
reaction forces (GRF), gravity forces and due to inertia
of body segments®® Kinetic data of without knee
osteoarthritis and knee osteoarthritis affected subject is
shown in figures 4 and figure 5 respectively. The
convention used for the internal joint moments are
indicated as follows:

3.4.1 Hip joint Moment: When the external forces
create a flexion moment, the internal moment opposing
this moment causes an extension moment and according
to the sign convention of the analysis the extension

moment at hip joint is a negative moment.

3.4.2 Knee joint Moment: When the external forces
create an extension of the knee, the internal muscle
moment opposing this moment causes a flexion moment
which is a negative moment according to our convention.

3.4.3 Ankle joint Moment: When the external forces
create a dorsiflexion the internal moment opposing this
force is a plantarflexion moment and this is a negative
moment according to sign convention.

The magnitude and pattern of moment variations at
different joints are affected by several variables like the
instantaneous values of GRF components and its distance
from the point of application to the joint centre, linear
and angular acceleration of the joints and segments and
the weight of the different segments. Figure 4 shows the
moments of Hip, Knee and ankle joints of Left side limb
without knee osteoarthritis affected subject during
walking in sagittal, coronal and transverse plane under
study. The moments of hip, knee flexion/extension and
ankle plantar/ dorsiflexion were calculated in the sagittal
plane. Knee valgus/varus moment, Hip abduction/
adduction moment and ankle varus moment were
calculated in the coronal plane as shown in figure 4.
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Fig. 4: Kinetics of without knee osteoarthritis affected subject

during walking in sagittal, coronal and transverse plane.

The moments developed in saggital plane in the
hip and ankle joints were also smaller in case of the knee
osteoarthritis (OA) affected subject as compared to those
without OA. Hip moment of knee osteoarthritis affected
subject is shown in figure 5. A negative peak value was
measured at about 50% of walking cycle indicating
maximum flexion moment developed at hip joint after
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the foot flat. When the major portion of the body weight
is transferred to the foot on the ground from the other
foot then the distance of the GRF about the hip becomes
maximum. With the forward movement of the hip the
distance of the GRF with respect to hip decreases and
becomes negative, thus creating a positive peak
corresponding to maximum hip flexor moment at the toe
off instance. After toe off the gravity forces and inertia
forces are contributing in the development of hip
moment. At about 92% of the cycle time another
negative peak is observed during swing phase when hip
flexion is maximum prior to next heel strike.
Consecutively, late stance ankle dorsiflexion and reduced
late stance hip internal moments were also in progress.

The pattern of internal moments developed at the knee
joints for Knee OA subjects is shown in figure 5. The
pattern of the knee moments show a negative (flexion)
knee joint moment. This is clearly indicating that the line
of action of the ground reaction forces is passing anterior
to knee joint during stance phase (up to 60% of walking
cycle) thus creating an external extension moment at the
joint. The moment variation at the ankle joint for Knee
OA subjects is outward convex plantar-flexion moment
up to 45% of walking cycle after which moment
decreases rapidly and becomes almost zero at the end of
stance phase as shown in figure 5. The ankle moment is
increased with the association of Knee OA therefore
extra attention should be paid to the ankle joint when
treating patients with knee OA
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Fig. 5: Kinetics of with knee osteoarthritis affected subject
during walking in sagittal, coronal and transverse plane.

Ground reaction forces (GRF) are used as an

evaluation tool to analyse knee OA patients.3? Gait
results and GRF indicate the status of the OA patient.
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Fig. 6: Ground reaction forces of knee OA subject

The components of GRF are recorded during
normal walking of the Knee OA subject and is shown in
figure 6. The subjects were allowed to walk on the
platform with their own selected speed. Their walking
trials were recorded successfully in the workstation. The
components of GRF ie Antero-posterior (AP),
Medio-lateral (ML) and vertical component (V) were
analysed in two different peaks value as shown in figure
6. In the graph the AP component has a decreasing
pattern whereas, ML component of the knee OA patients
was increased significantly. It was observed that there is
an increment in the GRF of the Knee OA patients in
comparison to the normal person. This increment in the
GREF is responsible to change the knee and hip joint gait
mechanics. Therefore, GRF pattern can be used as an
evaluation tool to observe the biomechanical changes in
the knee OA patients. Hence this also assists in
evaluating the effectiveness of the treatment.

4. Conclusion

Most significant outcome of this study was that range
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of motion of the hip, ankle was found correlated with
knee which was smaller in the knee osteoarthritis OA
affected subject. Therefore walking pattern of the
affected limb can affect the entire functioning of the
lower limb. The pattern of internal moments developed
at the knee joints for Knee OA subjects is showing
negative (flexion) internal moment in the kinetic results
at the knee joint, indicating that the line of action of the
ground reaction forces is passing anterior to knee joint
during stance phase (up to 60% of walking cycle) thus
creating an external extension moment at the joint. The
range of motion of the Knee OA patients decreased and
ground reaction force (GRF) increased significantly in
comparison to the normal persons. GRF will directly
affect the knee and hip joint biomechanics. Gait speed of
the OA patients is decreased and it can be
mathematically calculate as the product of stride length
and cadence. Thus the stride length is an important
parameter to calculate the speed differences. Kinematic
and kinetic parameters play an important role for the
direct calculation of Knee OA gait mechanics. In the
current study it was observed that the hip flexion
moment display a similar gait pattern because hip flexion
is associated with the knee flexion.2? Knee osteoarthritis
OA has an adverse effect on the Range of motion, hip
and ankle joints gait mechanics.
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