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Influence of skin movement artefacts on the results of
clinical gait analysis
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Abstract
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Widespread use of gait or motion
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analysis in the diagnosis of patients with
locomotor pathology and the subsequent
planning and assessment of treatment has
been limited because of its reliability,
particularly in  evaluating frontal and
transverse plane components. In skin
marker based gait analysis systems, skin
movement artefacts have been shown to
affect the accuracy of calculated joint
kinematics.  Therefore, reduction of the
effects of skin movement ariefacts in the two
planes will improve the quality of gait
analysis data for clinical purposes.
Traditional methods treat body segments
separately without imposing joint constraints,
resulting in apparent artefactual joint
dislocations or inaccurate limb positions,
predominately due to skin movement
artifacts. In the present study, a mathematical
mode! of the pelvis-leg apparatus coupled
with a new method called Global
Optimisation ~Method (GOM), which
considers skin movement artefacts and
imposes joint constraints, has been developed
and has been shown, through experiments on
patients with external fxators, to be superior
to other traditional methods. The present
study provides a better understanding of skin
movement patterns in human, improves the
accuracy and reliability of gait analysis
results and helps promote the use of the
clinical gait analysis techniques for the
diagnosis and the subsequent planning and
assessment of treatment of patients with
neuromusculoskeletal pathology.

Keywords: Gait analysis, skin movement
artefacts, computer model, global



optimisation, model validation,
external fixator.
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Widespread use of gait or motion
analysis in the diagnosis of patients with
locomotor pathology and the subsequent
planning and assessment of treatment has
been limited because of its reliability,
particularly in evaluating frontal and
trapsverse plane components. This is
critical because, in patients with pathological
gait, such as children with cerebral palsy,
abnormalities occur essentially in these
planes. In skin marker based gait analysis
systems, skin movement artefacts have been
shown to affect the accuracy of calculated
joint kinematics much more in the frontal and
transverse planes than in the sagittal plane.
Therefore, reduction of the effects of skin
movement artefacts in the two planes will
improve the quality of gait analysis data for
clinical purposes.

In order to solve the problem of skin
movement artefacts in clinical gait analysis, it
is necessary to understand first the movement
paiterns of skin markers relative to the
underlying bone. A study on adults has been
reported in the literature (Cappozzo, et al.,
1996). Similar study in children, however,
has not appeared. This is a major limitation
as children with neuvromusculoskeletal
pathology have been the major population
receiving gait analysis. In calculating body
kinematics and kinetics from skin marker
coordinates, traditional methods treat body
segments separately without imposing joint
constraints, resulting in apparent artefactual
Joint dislocations or inaccurate imb positions
(Apkarian et al., 1989; Chéze et al., 1995;
Challis, 1995; Cappello, et al., 1996). Skin
movement artefacts are either ignored or not
dealt with effectively. A new method called
Global Optimisation Method (GOM), which
considers skin movement artefacts and
imposes joint constraints, has been developed
by the main applicant (Lu and O’Connor,
1999) and has been shown, using computer
experiments, to be superior to other

traditional methods.
subjects are needed to provide a further
quantitative comparison and experimental
validation.

The goals of the project were (1) to
investigate the skin movement patterns of the
bony landmarks, commonly used in clinical
gait analysis, in children and their difference
with those in adults, (2) to study the
influence of skin movement artefacts on gait
analysis results, (3) to compare the
performance of various methods in reducing
skin movement artefacts, and (4) to develop a
computer model of the human locomotor
system, in combination with the best method
found in (3), for use in clinical gait analysis.
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Four patients treated for femoral or
tibial fracture with unilateral external fixators
were recruited 1o participate in the present
study with informed consent. In a gait
laboratory, passive infrared retroreflective
markers were attached to the bony landmarks
of the pelvis-leg segments, namely the ASIS's,
PSIS's, greater trochanter (GT), medial and
later epicondyles (FC), head of fibula, medial
and lateral malieoli, navicular tuberosity and
heel. Four markers were also placed on the
external fixation devices for the description
of the spatial positions of the fixators (thus
the bones) and the skin marker frames. To
study the magnitudes and patterns of skin
movement artefacts during functional
activities, patients performed level walking,
rising up from chair and stair climbing. A
video-based motion data acquisition system,
Vicon 370 (Oxford Metrics Ltd., Oxford,
England), was wused to record the
three-dimensional coordinates of the markers
for subsequent analysis. Two forceplates
(AMTI, Mass., U.S.A.) were used to measure
the ground reaction forces.

Gait variables calculated from external
fixator marker coordinates represent the best
values one can get with the system.
Therefore, they provide a basis for the
quantification of the magnitudes and patterns
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of skin movement artefacts and for the
comparison of the performance of GOM and
other fraditional methods, namely direct
method (DM), segmental optimization
method (SOM) and top-down approach (TA),
in reducing skin movement artefacts in
calculations using skin marker coordinates.
For the study of the effects of skin movement
artefacts on the calculated kinematic
geometry of the musculoskeletal system and
joint kinetics, a model of the human
locomotor systemn was developed.
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Maximum magnitudes of marker skin
movement of the four bony landmarks on the
thigh segment in children were found to be
smaller than those in adults but significant in
the determination of the gait variables (Table

1). Without joint constraints, traditional
methods crcated apparent  artefactual
dislocations at joints (Fig. 1a). With GOM,

joint dislocation was not present and the
errors in the calculated joint positions were
significantly less than those calculated using
traditional methods (Fig. 1b). The differences
between the calculated and true position and
orientation of the femur in terms of the
translation vector and rotation mairix are
shown in Fig. 2. The GOM produced the
best results in both the transiation vector and
rotation matrix. Table 2 summarizes the
percentage errors of the calculated moments
at the hip and the knee for the four methods.
Among the methods, the GOM again
predicted results closest to those calculated
from the external fixators. Other methods
may have huge errors as much as 70% of the
joint moment.

The results of the study suggest that
geometrical and mechanical variables of the
locomaotor system during gait are sensitive to
skin movement artefacts and that GOM is
effective in reducing these effects. It not
only provides a way of imposing joint
constraints into skin marker based models
but also takes the full advantage of these joint
models in controlling relative motion of body
segments. (GOM assumes that each joint is

properly modelled and correctly aligned with -
the adjacent segments. The present study
suggests that the GOM will contribute to the
improvement of the reliability of gait analysis
results and thus the widespread use of gait
analysis for clinical purposes.
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The research project was carried out
according to the original plan except that
fewer patients than planned were recruited
due to the limited availability of required
patients. Nonetheless, we have achieved the
goals set out at the beginning of the project.
The skin movement magnitudes of the typical
bony landmarks in children were found to be
less than those of adults as expected. A
model of the lower limb coupled with the
Global Optimisation Method (GOM) was
developed and was shown to produce results
closest to those obtained by the external
fixators, compared with other (traditional
methods. Two abstracts describing the
results have been accepted for presentation at
international conferences and three papers are
under preparation for publication in
international journals.

The study provides a better understanding of
skin movement patterns in human, improves
the accuracy and reliability of gait analysis
results and helps promote the use of the
clinical gait analysis techniques for the
diagnosis and the subsequent planning and
assessment of treatment of patients with
neuromusculoskeletal pathology.
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Fig. 1. (a) Ensemble time-averaged values of
joint dislocation at the hip and knee for GOM,
SOM, TDM and DM. (b) Ensemble
time-averaged values of the distances
between the calculated and true joint
positions. (HJIC: hip joint center; KJC: knee
joint center)
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Fig. 2. Ensemble time-averaged differences
of the origin vector and rotation matrix of the
thigh coordinate system for the four methods.

Table 1. Maximum skin movement artifacts
of the four markers on the thigh segment.

(mm) X Y Z
GT 44.0 263 276
MidThigh  55¢ 123 55
RLFC 24 143 20
RMFC 258 9.9 78

Table 2. Percent error of time-averaged hip
and knee joint moments.

GOM SOM TDM DM

Hip
Add/Abd 13.24 20.53 32.80 16.76
Flex/Ext 77 96 64.35 75.83 69.11
IR/ER 11.54 16.43 38.98 10.94
Knee

Add/Abd  29.74 8.40 517 50.00
Flex’Ext 1.84 3AS 55.65 11.94
IR‘ER  14.15 333 71.59 40.15




