Using global optimization method to compensate soft tissue artifacts
on knee joint angles and moments calculation during cycling
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Abstract- Soft tissue artifacts (STA) are a major
source of errors in human motion analysis. The
Global Optimization Method (GOM) is effective in
compensating STA during gait, but its performance
has not been reported during cycling. Five young
adults performed cycling exercises on an ergometer.
A CT-to-biplane fluoroscopy registration technique
is taken as the gold standard. A model composed of
the pelvis, thigh and shank was used to calculate the
angles and moments at the knee from the skin
markers, without considering STA and with GOM
to compensate for STA. The results showed that the
GOM was effective in compensating the STA of the
markers for the calculation of the angles and
moments at the knee during cycling movement.
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Introduction- Soft tissue artifacts (STA) are a
major source of errors in human motion analysis,
affecting the calculated joint angles and moments.
The Global Optimization Method (GOM) is
effective in compensating STA during gait [1] but
its performance for activities involving large range
of motion such as cycling has not been reported,

mainly owing to the difficulty in obtaining accurate
skeletal motion noninvasively. This study evaluated
the GOM using the skeletal motions of the knee
measured by a 3D fluoroscopy technique during
cycling.

Methods- Five young adults wearing 14 skin
markers on the left lower limb performed cycling
exercises on an ergometer (Fig. 1) while the pedal
reaction forces were measured with an instrumented
pedal and the trajectories by a motion capture
system. The skeletal motions of the left knee were
measured using a CT-to-biplane fluoroscopy
registration technique [2] and then taken as the gold
standard (Fig 2). A 3-link model composed of the
pelvis, thigh and shank was used to calculate the
angles and moments at the knee from the skin
markers, without considering STA and with GOM
to compensate for STA. The root-mean-squared
errors (RMSE) of the calculated variables were then
obtained with respect to the gold standard.
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Fig. 1: The instrumented ergonometer integrated
with the dynamic fluoroscopy system for cycling
exercise

Fig. 2: The bone models obtained from CT scan
were registered with fluoroscopic images during
pedaling exercise for reproducing the kinematics of
the knee.

Results & Discussion- The RMSE’s of the angles
in the sagittal, transverse and frontal planes using
GOM were 2.9, 3.8 and 9.3 degrees, respectively,
compared to 9.1, 7.8 and 10.8 degrees without
considering STA (Fig. 3). The corresponding
values for joint moments were 1.5, 0.6 and 2.3 Nm
for GOM, and 2.4, 1.1 and 3.3 Nm without
considering STA (Fig. 4). The results showed that
the GOM was effective in compensating the STA of
the markers for the calculation of the angles and
moments at the knee during cycling movement,
which will be useful for future study of knee
biomechanics  during cycling using skin
marker-based motion analysis.
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Fig. 3: Root mean square errors of knee joint angles
computed from global optimization method (blue
bar) and segmental optimization method (red bar)
during one cycle.
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Fig. 4: Root mean square errors of knee joint
moments computed from global optimization
method (blue bar) and segmental optimization
method (red bar) during one cycle.
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