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SUMMARY
This study examined how kinematic and temporo-spatial gait
parameters change in response to multiple amplitudes of
sinusoidal pseudo-random medio-lateral (M-L) visual and
support surface (mechanical) perturbations in an immersive
virtual reality (VR) environment. Our goal was to determine
how perturbation magnitude altered gait variability. The
variability of center of mass (COM) position, COM velocity,
and step width in the M-L direction systematically increased
with perturbation amplitude for the mechanical perturbations.
However, larger visual perturbation amplitudes did not
produce corresponding increases in any of these gait
parameters.

INTRODUCTION
Visual and mechanical oscillatory perturbations can both
significantly affect common gait parameters. Manipulating
visual field information such as VR scene complexity, tilt
angle, and optical flow can cause individuals to walk with
increased stride velocity, shorter and wider steps with greater
step width variability [1,2]. Additionally, oscillating visual
scenes have produced anisotropic changes (i.e., changes of
different magnitude in different directions) in gait
characteristics [3,4]. Likewise, support surface translations
have been shown to increase body displacement [5,6] and step
width variability [7].

More recently, we performed a VR study that included optic
flow matched to the walking speed while the visual scene or
platform were perturbed in the M-L and anterior-posterior (A-
P) directions [8]. Both perturbation directions produced
significant increases in step width and stride length variability,
but these effects were more prominent in the M-L direction for
M-L perturbations. However, this study used only one
perturbation amplitude for each perturbation type, making it
difficult to assess the sensitivity of the body’s responses to
each type of perturbation. Therefore, the present study
compared unperturbed gait to gait during three different
mechanical and five different visual perturbation amplitudes to
examine the sensitivity of kinematic and temporospatial gait
parameters to different input levels.

METHODS
Eleven young healthy individuals with no gait deficiencies
provided written informed consent, as approved by the

Institutional Review Boards at Brooke Army Medical Center,
Ft. Sam Houston, TX, and The University of Texas at Austin.

Participants walked at normalized speeds in a Computer
Assisted Rehabilitation ENvironment (CAREN) (Motek,
Amsterdam, Netherlands). The CAREN includes a 7m
diameter dome with a virtual environment projected 300°
around the participant, from 40° below to 60° above eye level.
All participants walked on a 2m x 3m instrumented treadmill
embedded in a 4m diameter movable platform.

For mechanical perturbations, the platform translated pseudo-
randomly in the M-L direction. Visual perturbations were
generated by fixing the center of the path on the horizon while
the near field scene translated medio-laterally Perturbation
amplitudes were calculated using:

A(t)=Aw[sin(2πf1t)+0.8sin(2πf2t)+1.4sin(2πf3t)+0.5sin(2πf4t)] (1)

where A(t) was the perturbation amplitude (m), Aw was a
weighting factor (m) and t was time (s). The four perturbation
frequencies were f1-4=0.16, 0.21, 0.24, and 0.49 Hz [8].
Platform perturbations were performed with three amplitudes:
Aw = 0.03, 0.04, and 0.05 m. Visual perturbations were
performed with five amplitudes of Aw from 0.30 to 0.50 m, in
0.05 m increments. Maximum values for each perturbation
type were the same as in [8]. More visual perturbation
amplitudes were used because their effects were thought to be
more variable and less predictable.

The movements of 57 reflective segmental markers were
recorded at 60 Hz using the 24-camera Vicon motion analysis
system in the CAREN. Markers and joint centers were used to
define a 15-segment model based on ISB standards. All data
reduction and analyses were performed using Visual3D (C-
Motion Inc., Germantown, MD) and MATLAB (The
Mathworks, Natick, MA) software.

Participants completed a 6-min warm-up followed by two 3-
min trials under each of the following test conditions: (1) no
perturbation (NP), (2) one of three platform (P1-P3), or (3)
one of five visual field (V1-V5) perturbations. The order of
presentation was randomized for each individual and balanced
across participants. Rest breaks were provided every 4-5 trials
or when requested.



Means and standard deviations of stride time (STRT) and step
width (SW) were then calculated for each trial for each subject
over the first 300 steps. To quantify overall variability of
participants’ movement we calculated mean standard
deviation (MeanSD) of the COM position and velocity for
each of the first 150 strides for each trial. One-way
(amplitude) repeated measures ANOVAs were used to test for
statistically significant differences for each gait parameter
using SPSS 16 (SPSS Inc., Chicago, IL).

RESULTS AND DISCUSSION
Increasing platform perturbation amplitudes produced
systematic increases in M-L COM position (p<0.001) and
velocity (p<0.001) MeanSDs and SW variability (p<0.001)
(Figs. 1&2). Mean SW was significantly narrower for the NP
condition (p=0.015), but there were no differences between
platform perturbation amplitudes. Likewise, mean STRT and
STRT variability were smaller for the NP trials (p<0.010),
with no differences related to perturbation amplitude.

Conversely, gait variability in response to visual perturbations
was insensitive to amplitude increases above the lowest level
(V1). COM position and velocity MeanSDs were significantly
smaller for NP trials (p<0.016). Similarly, NP SW was less
variable (p=0.012), except as compared to the highest
amplitude (V5). Mean SW, STRT, and STRT variability were
not significantly affected by perturbation amplitude, even
when compared to unperturbed gait.

This study was the first to examine visually and mechanically
perturbed gait in the same environment with the same
population. Mechanical perturbations produced systematic
increases in variability in several kinematic and
temporospatial parameters as amplitude increased. However,
these same parameters were insensitive to increasing visual

perturbation amplitude and several were completely
insensitive to the presence of visual perturbation. An earlier
study [4] showed progressively larger increases in gait
variability in response to visual perturbations, but the
perturbation amplitudes were smaller, indicating there may be
a ‘ceiling effect’ with regard to visual perturbation amplitude.

CONCLUSIONS
Gait variability in the M-L direction generally increased with
larger mechanical perturbations in that direction. However,
variability was far less sensitive to the amplitudes of visual
perturbations applied in this study, indicating a maximum
response to visual field disturbances. These findings are
important for designing and assessing perturbed gait
investigations and for understanding the physiological and
cognitive responses to external stimuli commonly encountered
in daily life.
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Figure 2. Across-subjects means and standard deviations
of step width SD and stride time versus perturbation type
and amplitude. Step width SD was the only parameter
that was sensitive to all platform perturbation amplitudes.

Figure 1. Means and standard deviations of COM
position and velocity variability versus perturbation type
and amplitude. Only platform perturbations produced
significant differences (*) between all perturbation levels
and the next lower level.


