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Evaluation of the kinematic parameters of normal-paced gait
in subjects with gonarthrosis and the influence

of gonarthrosis on the function of the ankle joint and hip joint
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The aim of the study was to assess the variability of parameters characterising the gait of persons suffering from degenerative
changes of the knee joint and their influence on the ankle and hip joints. The values of the angular changes in the knee, ankle and hip
joints in the three planes of motion were assessed.

Locomotion tests were performed on 27 persons, aged between 60 and 74, using Vicon 250, the three-dimensional analysis system.
The sharpest deviations from the results of the control group were revealed in the transverse and frontal planes. Degenerative knee joint
disease has changed the gait stereotype causing a reduction in the economy of gonarthrosis patients’ locomotion, the influence of the
disease on the function of the neighbouring joints is also distinctly marked.
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1. Introduction

Degenerative knee joint disease is defined as
a chronic, non-inflammatory disease with multi-factor
etiology resulting from an imbalance between regen-
erative and degenerative processes in the articular
cartilage and the subcartilage layer [1]–[4].

The most frequent cause of degenerative
changes in the knee is the change of load on the
articular surfaces whilst walking [5], which is
caused by prior genu varum or genu valgum, joint
instability or injury, including damage to intra-
articular structures: articular crescents, cruciate
ligaments, lateral ligaments, leading to disorders in

the knee content, and also by intra-articular frac-
tures and articular cartilage injuries [4], [6]–[9].
Changes in the neighbouring joints and obesity may
also promote the development of degenerative
changes in knee joints [10].

The main clinical symptom is pain located in the
anterior or medial part of the knee and in the upper-
medial part of the shinbones [3], which becomes more
intense under load; with time the pain also begins to
occur at rest [10]. The disease is progressive and
causes motion to become restricted in the sagittal
plane. Expansion of the joint outline, mostly atrophy
of the medial head (vastus medialis) of the quadriceps
femoris muscle and deformation of the joint, occurs
together with its development.
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Changes in the gait stereotype also occur as a result
of the disease development. Due to the progressive
nature of the disease, locomotion function becomes
impaired, and, as a result, various compensation
mechanisms are developed in the biokinetic chain
consisting of the wing of ilium and joints of the lower
extremities.

Lower extremity kinematics involving the move-
ment of joints in the sagittal plane during movement
has been examined in a large number of research
studies [11], [14]. However, three-dimensional gait
analysis [15]–[18] conducted in persons with degen-
erative changes of knee joints is still an area which
has not been fully analysed.

This has become the basis for establishing as-
sumptions and determining the aim of research in-
volving an attempt to assess the variability of pa-
rameters characterising the gait of persons suffering
from degenerative changes of the knee joint qualified
for an arthroplasty procedure.

The values of the angular changes in the knee, an-
kle and hip joints in the three planes of motion were
assessed.

2. Material and methods

27 patients participated in the study, including
20 women (74%) and 7 men (26%), aged between 60
and 74, qualified for knee arthroplasty due to degen-
erative changes of the joint. The criterion for qualifi-
cation of treatment included, among other things,
three and four degree arthrosis, and the duration of
arthrosis (from the diagnosis to the knee replacement
procedure) was approx. 5 years.

X-ray tests performed within the framework of
pre-operative diagnostics at the clinic did not reveal
degenerative changes in hip joints. A description of
the test group is presented in the table.

Before the procedure, the passive range of motion
and the contracture in the knee joints were measured
goniometrically for each of the patients. The meas-
urement was performed in the forward horizontal po-
sition with a straightened hip joint. The maximum
flexion of the joint was on average 86.1° (±8.4) in the
affected leg and 94.7° (±12.2) in the healthy leg, and
in each person with the contracture of the joints ob-
served, the mean value in the healthy leg was 14.9°
(±6.03) and in the affected leg 15.4° (±6.8). The sig-
nificant limitation of motion both in the affected leg
and in the healthy leg may result from pathological
lesions and degenerative processes caused by the ag-

ing process in the joints – and, as ZEMBATY [19]
states, muscle and tendon flexibility becomes reduced
with age, and mobility is reduced by 25% by the age
of 85.

The control group consisted of 30 healthy persons
aged between 50 and 70 (18 women and 12 men) in
whom no significant neurological diseases or ortho-
paedic injuries which might affect the individual gait
pattern were found.

Table. Characteristics of the examined and control groups

Feature Examined group
x ± SD

Control group
x ± SD

Age 66±5.2 62±7.5
Mass (kg) 82.3±12.3 80±10.6

Height (cm) 159.0±7.8 163±8.6
Speed (m/s) 0.6±0.2 1.2±0.3

Cadence (step/min) 87±18.8 112±15.4

Locomotion tests were conducted at the Biokinetics
Laboratory, Department of Anthropomotorics, Univer-
sity School of Physical Education in Cracow.

The research project was approved by the Bioethics
Committee at the Regional Chamber of Physicians.

The research was financed from the scientific
funds for the years 2008–2009 as a research project.

The gait was examined using the Vicon 250 com-
puter system for three-dimensional gait analysis. This
system consists of five cameras with a set of luminescent
diodes and a data station. The cameras work in the infra-
red band, and the speed of image recording depends on
the setting and type of camera. The frequency of camera
operation is 120 images per second. The recorded two-
dimensional image from one of the cameras is then
transmitted to the data station, where, after being com-
bined with the images from the other cameras, it creates
a three-dimensional representation of markers.

The data station is a specialised computer which
collects and processes the data recorded by the cam-
eras. Markers are plastic balls with a diameter of
25 mm covered with fluorescent material. The sys-
tem determines the three-dimensional location of the
markers in the form of points and registers their
changes in space. The so-called passive markers are
glued directly on the patient’s skin. Their arrange-
ment reflects the pattern of the biomechanical model.
They are glued along the joint axes at an appropriate
distance from the centre of the joints and at charac-
teristic points on the head, chest and pelvis. In this
way, it is possible to create a spatial representation
of these segments of the body and to measure the
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individual parameters – the dimensions of the pelvis
and the span of the chest.

It is important to place the markers of the head,
trunk and the lower half of the body in a precise man-
ner. Anterior head markers define the beginning and
the scale of the head as a body part, and the posterior
markers indicate its location in space. Trunk markers
(C7, CLAV, TH10, STRN), together with head mark-
ers, determine the axes of the coordinate system of the
trunk. The pelvic markers (LASI, RASI), together
with the sacrum marker, define the axes of the coordi-
nate system of the pelvis. The marker of the sacrum
should be placed in the plane perpendicular to the line
joining the ASIS markers (LASI and RASI). It is very
important to place the knee markers and the thigh and
crus markers in the proper manner.

In the analysis of the patients’ locomotion, the ter-
minology devised at the Rancho Los Amigos Medical
Center [17] was used. It is assumed that one gait cycle
amounts to 100%. This distinguishes the following gait
phases:

1. Initial contact – 0%.
2. Loading response – 0–10%.
3. Midstance – 10–30%.
4. Terminal stance – 30–50%.
5. Pressing – 50–60%.
6. Initial swing – 60–70%.
7. Midswing – 70–85%.
8. Terminal swing – 85–100%.
Both groups of subjects performed locomotion at

a self-selected speed along a 25-metre gait path. 30 steps
characterised by a similar speed and frequency of
cyclical movements were selected from among the
registered gait cycles. The mean values of individual
locomotion patterns were devised on their basis and
afterwards the mean values of angular changes in the
individual joints characterising both groups of sub-
jects were calculated. The results of the mean values
of the gait of patients suffering from degenerative
disease were presented in the diagrams against the
results, including the average and ±s – the grey ribbon
of double standard deviation.

3. Results

3.1. Analysis of angular changes in
the hip joints in the sagittal plane

Figure 1 presents angular changes in hip joints in
the sagittal plane. The grey ribbon in each diagram

shows the variability of the results in the healthy
population.

The amplitude of hip joints before knee arthro-
plasty is slightly shifted in time during the gait cy-
cle compared to the biomechanical norm – by ap-
prox. 4%.

Before the procedure, the hip joints are exces-
sively flexed – there is no physiological overextension
at the terminal stance and preswing phases. The
maximum extension in hip joints was approx. 10° of
the flexion at the preswing phase, and the correct val-
ues amount to approx. 10° of overextension. Thus, the
difference between the test results and the norm
amounts to 20° (figure 1).

Fig. 1. Angular changes in the hip joints in the sagittal plane:
Ext – extension, Flex – flexion, Hip – hip motion

before knee arthroplasty, Angle (degrees) – angular degrees
in the knee joint (in degrees), Normalised (percent)
– normalised time of the gait cycle (in percentages),

Norm – angular changes during normal gait
in the control group (mean value±SD)

3.2. Analysis of angular changes in
the hip joints in the frontal plane

Slight abduction of the hip joints was maintained
throughout the gait sample. Improper abduction at the
stance phase amounted to approx. 2°. On the other
hand, the abduction of the hip joints compared to the
norm is insufficient at the swing phase – the differ-
ence is approx. 2° (figure 2).
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Fig. 2. Angular changes in the hip joints in the frontal plane:
Abd – abduction, Add – adduction

3.3. Analysis of angular changes in
the hip joints in the transverse plane

Hip joints are arranged in an overnormative exter-
nal rotation throughout the entire stance phase (ap-
prox. 6° rotation at the midstance phase), and at the
midswing phase in the internal rotation, the motion
pattern was reversed against the terminal swing phase
– the external rotation is marked (figure 3).

Fig. 3. Angular changes in the hip joints in the transverse plane:
Ext – external rotation, Int – internal rotation

3.4. Analysis of angular changes
in the knee joints

in the sagittal plane

The results of the knee joint examination in the
sagittal plane showed no physiological flexion and
extension at the midstance and terminal stance
phases, and from the pressing phase until the end of
the midswing phase, a reduction in joint flexion was
distinctly marked (approx. 10° difference in rotation
at the midstance phase between the norm and the
patients’ results) (figure 4).

Fig. 4. Angular changes in the knee joints in the sagittal plane:
Ext – extension, Flex – flexion,

Knee – knee motion before knee arthroplasty

3.5. Analysis of angular changes in
the knee joints in the frontal plane

Excessive bow-leggedness (genu varum) was ob-
served in the frontal plane. The curves of knee joint
motion before the procedure are consistent with the
bow-leggedness diagnosed on the basis of X-ray im-
ages in all patients.

The shape of the affected joint motion at the
stance phase remains at a 6° level almost all the time,
and at the swing phase, it is reduced to approx. 4°
(figure 5).
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Fig. 5. Angular changes in the knee joints in the frontal plane:
Var – varus, Val – valgus

3.6. Analysis of angular changes in
the knee joints in the transverse plane

The crus motion in the transverse plane was char-
acterised by a shift of the range of angular changes in
the direction of external rotation throughout the gait
cycle (figure 6).

Fig. 6. Angular changes in the knee joints in the transverse plane
Ext – external rotation, Int – internal rotation

3.7. Analysis of angular changes in
the ankle joints in the sagittal plane

Degenerative changes in knee joints also caused
a change of the gait pattern in ankle joints. Up to the
middle of the preswing phase, the curve of changes
falls within the biomechanical norm (within its upper

limits), and excessive dorsiflexion occurs from the
second half of the preswing phase to the end of the
initial swing phase. There is no natural plantar flexion
at the gait transition phase (figure 7).

Fig. 7. Angular changes in the ankle joints in the sagittal plane
Plan – plantar flexion, Dors – dorsal flexion

3.8. Analysis of angular changes in
the ankle joints in the frontal plane

The results of the ankle joint examination in the
frontal plane showed adduction of the joints throughout
the gait cycle. The ankle joints become slightly ab-
ducted only at the end of the stance phase (figure 8).

Fig. 8. Angular changes in the ankle joints in the frontal plane:
Abd – abduction, Add – adduction
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3.9. Analysis of angular changes in
the ankle joints in the transverse plane

In the transverse plane, the amplitude of ankle
joint movement corresponds to the upper limit of
the biomechanical norm – the joints are at an ap-
prox. 5° external rotation throughout the gait cycle
(figure 9).

Fig. 9. Angular changes in the ankle joints in the transverse plane:
Ext – external rotation, Int – internal rotation

4. Summary of the results

4.1. Analysis of angular changes
in the hip joints

Due to knee joint disease, distinct changes in the
position of the hip joints in all planes of motion oc-
curred. Hip joints are excessively flexed and ab-
ducted. At the stance phase, the joints are externally
rotated, while internal rotation occurs at the swing
phase.

4.2. Analysis of angular changes
in the knee joints

Knee joints are excessively flexed at the stance
phase, and this flexion is insufficient at the swing
phases. Additionally, bow-leggedness and external
rotation of the joints are marked.

4.3. Analysis of angular changes
in the ankle joints

Degenerative changes in knee joints also caused
dysfunction of ankle joints. Ankle joints are dorsally
flexed, adducted and slight external rotation occurs.

5. Discussion

Advanced degenerative changes of knee joints sig-
nificantly affect the gait stereotype, resulting in a pa-
tient’s functional limitation. To assess the scope and
degree of dysfunction, an accurate and thorough gait
analysis is necessary, as this shows and illustrates the
motor disorders in these patients. Three-dimensional
motion analysis, presenting spatial arrangement of
body segments in three planes, offers such a possibility.
Literature on the subject [20], [21] provides a compre-
hensive description of the work of the knee joint before
knee replacement, but these studies are mostly limited
to the presentation of joint movement in the sagittal
plane without considering the other planes or the influ-
ence of the disease on the ankle and hip joints.

In the authors’ own research, in accordance with
the adopted aims of the study, an assessment of
changes in kinematic gait parameters was carried out
in persons with degenerative changes of the knee joint
based on three-dimensional motion analysis using the
Vicon 250 system. This analysis included angular
changes of knee, ankle and hip joints in the three
planes of motion.

The results of locomotion tests in patients suffer-
ing from degenerative changes corroborate that the
pattern of ankle, knee and hip joint movement is dis-
tinctly influenced by the disease in the three planes of
motion.

At the stance phase, the hip joints were flexed, ab-
ducted and externally rotated at the same time. Flex-
ion contracture and external rotation occur in knee
joints, while dorsiflexion, external rotation and ad-
duction are characteristic of ankle joints.

At the swing phase, the hip joints are internally
rotated. Knee joints are not sufficiently flexed, and the
feet remain dorsally flexed.

A wrong range of motion in the knee joints in the
sagittal plane while walking results in a lack of plan-
tarflexion in the ankle joints at the initial swing phase
and persistent contracture of the hip joints. This
makes it possible to move the lower extremity without
“catching” the ground.
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Changes in the patients’ gait stereotype before
knee arthroplasty may primarily result from their long-
standing locomotor habits. Increasing pain makes the
patients change their way of walking – if the knee joint
is straightened, the pressure on the joint surface in-
creases and the pain becomes more intense. As a re-
sult, these patients try to avoid the straightening of the
joint, which is characteristic of the beginning and end
of the stance phase. Flexion contracture of knee joints
is the result of long-term knee flexion.

There are numerous reports in literature referring
to the influence of knee joint degenerative disease on
the three-planar range of motion of the remaining
lower extremity joints. They are mostly limited to
statements that the single-support phase becomes
shortened as a result of the disease [11], [12].

ASTEPHEN et al. [22], on the basis of locomotion
tests of persons with degenerative changes of knee
joints, concluded that changes in ankle and knee joints
are marked in the sagittal plane. However, they did
not determine the direction of the changes in the
joints.

Similar results for the sagittal plane were obtained
by BALIUNAS et al. [21], who discovered a restriction
of the range of motion throughout the gait cycle.

This is another one confirmation of the results of
the authors’ own studies, where a clear restriction of
the active range of motion was found in the knee joint
in the sagittal plane.

MANETTA et al. [22] examined 10 persons suffer-
ing from degenerative knee joint disease and com-
pared the results with the control group. They deter-
mined the kinetics and kinematics of the gait on the
basis of a motion analysis system. It turned out that
the maximum flexion at the support stage was lower
in the patients. As the values of the maximum flexion
at the support phase were similar among the patients
compared to the norm and no weakening of the quad-
riceps femoris muscle was observed, they concluded
that this pattern was caused by a compensatory reduc-
tion in gait speed.

These reports are not fully consistent with the re-
sults of the authors’ own research, as extension limi-
tation was observed in the patients examined (in-
creased flexion) at the support phase.

Results similar to those reported by MANETTA et
al. [22], and not fully consistent with the results of the
authors’ own research, were obtained by CHILDS et al.
[23], who found that flexion during loading response
was limited in patients suffering from articular disease
compared to the norm.

In view of the analysis of the locomotion test re-
sults presented above and detailed interpretation of

angular changes in lower extremity joints in persons
before knee arthroplasty, with reference to the entire
biomechanism, it seems justified to undertake re-
search aimed at determining the pattern of knee joint
movement in patients with degenerative changes using
the results of three-dimensional motion analysis, fo-
cusing on presenting mutual conditioning of body
segments in the three planes.

The evaluation of gait parameters during walking
is helpful in assessing abnormal gait, in quantifying
improvements resulting from intervention, or in pre-
dicting subsequent events such as ageing or falls [24].

Considering the controversial results obtained by
some authors, who determine the gait stereotype in
persons suffering from osteoarthrosis, a thorough veri-
fication of changes occurring in the knee joint before
knee arthroplasty seems necessary, as it will be sig-
nificant in the planning and selection of appropriate
rehabilitation treatment in these patients.

6. Conclusions

1. Degenerative knee joint disease significantly af-
fects the correct gait stereotype, causing deviations
from the biomechanical norm as regards angular
changes in lower extremity joints in the three planes
of motion.

2. A changed motion pattern was most distinct in
the frontal and transverse planes.
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