Cycling motion soft tissue artifacts quantification on the thigh and
shank using a novel CT-to-Fluoroscopy registration method
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Abstract- Cycling plays an important role in our
daily lives. Skin maker-based motion analysis has
been used to assess the functional performance of
cycling exercises. However, the associated soft
tissue artifacts (STA) of the markers affected the
accuracy.

The aims of the study were to quantify the STA on
the thigh and shank during cycling exercises using a
novel technique. Seven healthy adults wearing skin
markers performed cycling movement under
simultaneous surveillance of a motion capture
system and a fluoroscopy system. Considerable
STA’s were found during cycling exercises with
greater STA on the thigh. The STA around the knee
joint during the cycling movement were quantified
for the first time, which will be helpful for
developing guidelines for using skin markers and
STA-compensation methods.
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Introduction- Cycling plays an important role in
transportation, recreation, and sport in our daily
lives but cycling-related overuse injuries are not
uncommon. Skin maker-based motion analysis
has been used to assess the functional performance
of cycling exercises and potential injury risks.
However, the associated soft tissue artifacts (STA)
of the markers affected the accuracy of calculated

mechanical variables [1, 2]. Therefore, knowledge
of STA will be helpful for a better interpretation of
the results obtained and further development of
STA-compensation methods. The aims of the
study were to quantify the STA of selected markers
on the thigh and shank during cycling exercises
using a novel technique.

Methods- Seven healthy adults wearing skin
markers on the medial and lateral femoral
epicondyles (MFC and LFC), thigh (THIL, THIC,
THIM), tibial tuberosity (TT), fibular head (FIB),
shank (SHA), and medial and lateral malleoli (MA)
performed cycling movement under simultaneous
surveillance of a motion capture system and a
fluoroscopy system (Fig.1). They also received a
CT scan so that their

femoral and tibial bone poses could be obtained
using a fluoroscopy-to-CT registration method [1].
The STA of the skin markers were then calculated
as the marker movement relative to the underlying
bone [3].

Fig. 1: Markers atached on left thigh, left shank,
and left foot.



Results & Discussion- Considerable STA’s were
found during cycling exercises with greater STA on
the thigh. @ MFC and LFC were displaced
posteriorly from their true positions with knee
flexion, and moved anteriorly with knee extension.
THIC had greater STA among the technical markers
on the thigh and moved mainly along the
proximal/distal direction (Fig.2, 3). TT moved
within a small range throughout the cycling
movement, while FIB moved mainly along the
proximal/distal direction (Fig.4, 5). The STA
around the knee joint during the cycling movement
were quantified for the first time in the literature,
which will be helpful for developing guidelines for
using skin markers and STA-compensation
methods.
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Fig. 2: Movement of the thigh markers relative to
the underlying femur during the cycling movement.
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Fig. 3: Movement of the thigh markers relative to
the underlying femur during the cycling movement.
The STA were expressed in terms of the errors
along the anterior/posterior, proximal/distal and
medial/lateral directions.

Crank Angle (deg)

3 L . =

Fig. 4: Movement of the shank markers relative to
the underlying tibia during the cycling movement.
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Fig. 5: Movement of the shank markers relative to
the underlying tibia during the cycling movement.
The STA were expressed in terms of the errors
along the anterior/posterior, proximal/distal and
medial/lateral directions.
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