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Results & Discussions

Conclusions

Falls are one of the leading causes of injury among
those with movement disorders such as Parkinson’s
Disease (PD). Patients with PD have a high fall
risk due to the combination of motor and cognitive
deficiencies associated with the disease. Research
has shown positive improvements in gait and
response to perturbations using virtual reality (VR)
training environments[1].

Processed data (n=15) has shown a difference in gait on a smooth surface compared to the irregular surface in both the
fall-prone and healthy populations. In terms of spatiotemporal observations, the irregular terrain appears to decrease
cadence, decrease stride length, and decrease stride width, though not significantly (Figure 3). In terms of kinematic
observations, of which the ankle has been a primary focus, dorsal and plantar flexion also appear to be affected differently
by the cobblestone surface. The full extent of these differences is yet to be determined, but a decrease in dorsiflexion was
observed (Figure 4).
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Overall, the identification of these alterations in
gait will provide a dataset for comparison to
demonstrate the ecological validity of a virtual
training environment with virtual cobblestone
walkways, and instrumented haptic shoes for fall
prevention training. Additional alterations and
there implications are yet to be determined. Future
analyses of kinetic and kinematic data are planned.
Additional biomechanical data to quantify fall risk
is also are being studied and compared to other
terrain environments representing fall risks. These
conditions are to include off-camber surfaces with
and without cobblestone (Figure 5), sand, grass,
and gravel.
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Objective
Characterize gait on irregular terrain in a fall prone
population to confirm the ecological validity of the
VR training environment and subsequent changes
in gait performance.
(VR) training environments (1).
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Figure 1. Example VR Testing Environment
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Methods
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Cobblestone pathways were identified as a
challenging terrain with significant fall risk from a
questionnaire administered to 11 patients with PD.
A removable cobblestone pathway was constructed
on an elevated walkway surrounded by 24
V100:R2 cameras (NaturalPoint, Corvallis, OR).
Patients with Parkinson’s, healthy young (18-30),
and healthy older participants (50 and up) agematched with the patients were recruited to
evaluate gait on a smooth hard surface (control)
and the cobblestone walkway. Two embedded
force plates (Bertec Corp., OH) in the walkway
were used in addition to the video data (AMASS,
C-Motion Inc., MD) to characterize gait
performance.

0.10
0.05
0.00
Figure 2. Cobblestone Terrain Walkway with Embedded
Force Plates (outlined). The same walkway with the
cobblestone removed was used as the control surface.
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Figure 3. Gait metrics comparison between participant
groups on the irregular vs. the flat terrain (PD: Patients
with Parkinson’s Disease, HO: Healthy Older, HY:
Healthy Young)

Figure 4.
Dorsiflexion(+)
/Plantarflexion(-)
angles vs. % gait
cycle on the
irregular surface
(top figures) and
the flat/control
surface (bottom
figures). These
data are
representative of
one participant
with PD.

Table 1. Mean (Std. Dev.) of Participant Demographics
(n=5 per group)
PARTICIPANT GROUP

Age

Height Weight

Patients with
Parkinson's

66.6
(5.6)

1.73
(.11)

78.63
(10.2)

Healthy Age-Matched

68.2
(7.9)

1.70
(.04)

71.45
(6.0)

Healthy Young

24.6
(3.1)

1.78
(.11)

70.49
(11.1)
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Figure 5. Off camber conditions for identification of
gait alteration patterns. As with the level cobblestone
terrain that was the focus of this poster, these terrains
are also to be integrated into a virtual training
environment and will be verified with the
biomechanical data collected from these laboratory
tests.
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