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1) Predicting Ankle Joint Moments using a Hybrid EMG-driven Model
Daniel N. Bassett, Kurt Manal, Shay Cohen, Thomas S. Buchanan.
University of Delaware, Newark, DE.

To study sport medicine injuries and their effects on human motion, accurate
biomechanical models are important. For these models to characterize the
response to injury, they must take into account the differences in the ways
injured people move their limbs and activate their muscles. We have created
a biomechanical model of the ankle that uses subject specific muscle
activation as an input and predicts the corresponding joint moment
(plantar-flexion/dorsiflexion).
PURPOSE:  To demonstrate the ability of our model to accurately predict
joint moments given electromyograms (EMGs) and joint position data.
METHODS:  Three types of data were collected during isokinetic and gait
trials: (1) EMG from the tibialis anterior, medial gastrocnemius, lateral
gastrocnemius, and soleus; (2) joint position, (3) and reaction forces (from
the ground or dynamometer).  Ankle joint moment was calculated in two ways:
(1) forward dynamics using EMG and joint position data, and (2) inverse
dynamics using joint position and reaction force data.  The joint moment
determined from the inverse dynamics calculation was used to calibrate the
forward dynamic estimation of the moment. Adjustable parameters in the
forward dynamics model were optimized to produce a best fit. Once
calibrated, only the forward dynamics model was used to predict the joint
moments from novel trials.
RESULTS:  Preliminary data were collected from three test subjects.  A
comparison between the predicted and the measured ankle joint moment was
performed; root mean squared error was approximately 10%, and R-squared
values were of 0.95, 0.95, 0.87 for each subject respectively.
CONCLUSION:  The curve shape was very closely matched in the prediction of
concentric tasks, but the largest errors were observed during eccentric
tasks. Further adjustment and refinement of the model parameters should
correct this.  One of the major strengths of the model is that is allows
estimation of muscle forces (in contrast to inverse dynamics models) and
relies on a subjectâ€™s actual muscle activation values (in contrast to
optimization approaches).
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2) The Effect Of Foot Progression Angle On The Knee Adduction Moment During
Walking, Stair Ascent And Descent In Individuals With Medial Knee
Osteoarthritis
Mengtao Guo, Kurt Manal
Center for Biomedical Engineering Research, University of Delaware, Newark,
DE.

Progression of medial compartment knee OA is associated with the magnitude
of the external knee adduction moment. Treatments to reduce the adduction
moment are therefore indicated for patients with knee OA. Regression
analyses have shown that the adduction moment is smaller for subjects that
walk with a greater degree of toe-out (i.e., foot progression angle -FPA).
No study has examined the effect of asking subjects with knee OA to walk
with a greater degree of toe-out than their self-selected FPA. Moreover, the
effect of increasing FPA while climbing stairs has not been examined in this
population.
PURPOSE:  The purpose of this study was to examine the effect of increasing
FPA by 15 degrees on the knee adduction moment during walking, stair ascent
and descent in subjects with knee OA.
METHODS: 10 subjects (4 female, 6 male; mean age = 63 Â± 5 years, weight =
81.8 Â± 12.7 kg, height = 1.68 Â± 0.08 m) performed 5 trials each of walking,
stair ascent and descent.  The tasks were performed with a self-selected FPA
and an increased FPA of 15 degrees. Motion data were collected using 6 video
cameras (Qualisys) and an AMTI force platform. Visual3D was used to compute
the external knee adduction moment, normalized to bodyweight and height
(%BW*Ht). Dependent t-tests were used to determine if increasing FPA changed
the magnitude of the first and second peak adduction moments.
RESULTS: Increasing FPA did not change the 1st peak adduction moment during
walking, but it did reduce the magnitude of the 2nd peak from 2.27 Â± 0.63
%BW*Ht to 1.37 Â± 0.53 %BW*Ht.  A strong trend (p=0.051) towards a smaller
2nd peak with greater FPA was noted during stair ascent. The benefit of a
reduced 2nd peak was offset by a significant increase in the 1st peak with
greater FPA (3.14 Â± 1.03 %BW*Ht & 3.51 Â± 1.01 %BW*Ht).  No differences in
peak adduction moments were found for stair descent.
CONCLUSION: The effect of increasing FPA was shown to reduce the magnitude
of the 2nd peak adduction moment during walking.  This is clinically
relevant because the adduction moment is considered an indirect measure of
knee joint loading. This simple strategy of increasing FPA during walking
can reduce knee joint loading.
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3) A Numerical Method For Determining Optimal Camera Placement
Joe Gardinier, Kurt Manal
Center for Biomedical Engineering Research, University of Delaware, Newark,
DE.

The problem of determining where to place video cameras in a laboratory for
optimal viewing of an experimental task can be reduced to a numerical
problem.  Using a numerical approach is more efficient than traditional data
piloting which can be time consuming, especially when potential camera
obstructions such as chairs and stairs are an integral component of the
movement being recorded.  PURPOSE: The purpose of this study is to describe
a numerical approach to determine where to place video cameras for optimal
viewing of an experimental task.  METHODS: The method is best described by
initially considering two markers attached to the leg of a subject.  A line
is drawn between the 2 markers and projected in both directions so that the
line intersects with the walls of the laboratory. A camera placed anywhere
along this line would fail to see one of the markers due to an obstruction
caused by the other, or the 2 markers would merge together and appear as
one. This idea can be expanded to all markers attached to the leg and used
to map-out of potential poor camera placements within the laboratory at each
point in time.  Regions where the projected lines between any pair of
markers do not intersect with the walls may be considered as potential
camera locations.  Optimal camera placement within these regions is
determined by 1) maximizing the angle of separation for a specific number of
cameras, or 2) fitting as many cameras as possible in the potential space
for a given minimum angle of separation.   Four different camera
configurations were tested to assess the camera placement method. Two of the
configurations involved placing 1 camera in a bad location, a 3rd condition
had 2 cameras placed in bad locations, and the 4th configuration was
predicted to be ideal. A subject performed 5 walking trials for each of the
4 different camera configurations. The change in distance between 4 markers
attached to the thigh was averaged for the 5 trials and considered to be
error associated with the camera placement. RESULTS: The errors were similar
when only 1 camera was placed in a bad location (3.1 Â± 0.9 mm  & 2.7 Â± 1.3
mm).  The largest error (6.0 Â± 3.3 mm) occurred when 2 cameras were placed
in bad regions.  As expected, the ideal placement resulted in the smallest
error (1.1 Â± 0.4 mm). CONCLUSION: Ideal camera placement can be reduced to a
numerical problem.  The method is objective, efficient and can be used to
reduce errors associated with camera placement.
