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Abstract

This study investigated the balance
strategy, as well as center of pressure (COP)
trajectory and parameters between healthy
adults and patients with hemiplegia in
response to slow fast pulling-speed and
perturbations in 4 directions (forward,
backward, left and right). Twelve healthy
adults and 12 hemiplgic patients following
mild to moderate stroke participated in this
study. There three 3 trials of pulling
perturbations at slow (10cm/sec) and fast
(30cm/sec) speeds in all four directions.
Results revealed that the frequency of
stepping was greater in patients with

hemiplegia than in healthy adylts (p <0.001).

The COP trajectories of patients with
hemiplegia and healthy adults were similar
when they used the fixed-support strategy.
The COP excursion and COP velocity in
slow and fast forward pulling trials, the
peak-to-peak amplitude of COP
displacement in the direction parallel to the
perturbation in slow and fast right-side
pulling were smallér in patients with
hemiplegia compared to the healthy adults. .
But the peak-to- peak amplitude of COP
displacement in the direction orthogonal to
the pulling direction in slow forward pulling
trials was greater for patients with
hemiplegia than for the healthy adults. The
COP trajectories of patients with hemiplegia
and healthy adults who used the stepping
strategy in response to forward or backward
pulling perturbations were similar. But the
COP trajectory of patients with hemiplegia
was different from that of healthy adults
when these patients stepped with the
unaffected leg in response to pulling
perturbation from the unaffected side. There
was no significant difference in COP
parameters between these two groups when
the stepping strategy was used. Patients with
hemiplegia following mild to moderate
stroke tended to use stepping strategy to
recover balance in response to waist pulling
perturbations compared to healthy adults.
Patients with hemiplegia decreased
displacement of center of mass to avoid lose

of balance when they used fixed-support
strategy. The fact that hemiparctic patients
did not show significant difterences in COP
parameters compared to healthy adults may
be due to that the majority of stepping
strategies were carried out with the
unaffected leg of the stroke patients.

Keywords : hemiplegia, waist pulling
perturbation, reactive balance strategy.
trajectory of center of pressure, parameters
of center of pressure

Background and Aims

The ability to quickly respond to
external perturbations is an important
capacity of stroke patients to maintain
dynamic balance in activities of daily living.
The purpose of this study was to compare
the balance strategy, as well as center of
pressure (COP) trajectory and parameters
between healthy adults and patients with
hemiplegia in response to slow- and
fast-speed waist- pulling perturbations in
forward, left, right, and backward dircctions.

Methods

Subjects.  Twelve patients with
hemiplegia following mild to modcrate
stroke and 12 age-matched healthy adults
participated in the study (Table 1).

Experimental Apparatus. A
custom-built computerized pulling system
was used to provide specified pulling forces
to the subject’s waist. Two force plates
(AMTI OR6-5, Advanced Mechanical
Technology, Inc., USA) were used to record
ground reaction forces. Six foot switches
(Motion Lab Systems, Inc., USA) were used
to signal whether the heel and the 2™ and
fifth metatarsal heads of each foot were in
contact with the floor. The force and foot
switch signals were all recorded on a PC
computer using the DATAPAC A/D
acquisition board and acquisition softwarc
(Run Technologies, USA). The
DATAPAC2000 software (Run Technologics,



USA) was used to analyze force and foot
switch data. Custom-written software was
also used to analyze the center of pressure
data. Video analysis was performed to
characterize the reactive balance strategies
cvoked by waist-pulling perturbations.

Pulling Perturbation Tests. Each subject
was standing on the center of one of the
force plate. During the test, the subject wore
a safety harness and a belt at the waist level.
A steel rope was used to attach the belt to
the pulling system. The height of the pulling
system was adjusted to subject’s waist level.
Each subject was exposed to 24 waist-pull
perturbations with three each for slow- and
fast-speed (10 cm/sec and 30 cm/sec,
constant pulling distance= 10cm)
perturbations in each of the 4 directions
(forward, backward, left and right). Subjects
were instructed to respond naturally. No
constraint of responses was given.

Results

Chi-square analysis revealed that the
frequency of stepping was greater in patients
with hemiplegia than healthy adults ( x*=
33.1 » p<0.001). The frequency of stepping
also increased as the pulling velocity
increased ( x’= 5.6 + p<0.05). Subjects
stepped most frequently when they received
the backward pulling perturbations ( x*=
198.3 » p<0.001) (Table 2).

The COP trajectories of patients with
hemiplegia and healthy adults-were similar
when they used the fixed-support strategy.
The COP initially moved toward the pulling
direction and then turned to the opposite
direction. In addition, the COP excursion
and COP velocity in slow- and fast-forward
pulling perturbations, as well as the
peak-to-peak amplitude of COP
displacement in the direction parallel to the
pulling direction in slow and fast rightside
pulling were smaller for the patients with
hemiplegia than for the healthy adults. But
the peak-to-peak amplitude of COP
displacement in the direction orthogonal to
the pulling direction in slow forward pulling
perturbations were greater for patients with

hemiplegia compared with healthy adults

(Figures 1-4). .

The COP trajectories of patients with
hemiplegia and hecalthy adults who uscd the
stepping strategy in response to forward or
backward pulling perturbations were similar.
The COP initially moved toward the pulling
direction and then turned to the opposite
direction. The COP initially moved toward
pulling direction and laterally toward the
stepping leg and laterally toward the stance
leg, and then moved toward pulling
direction and laterally toward the stepping
leg. A few patients with hemiplegia had an
obvious loop of COP trajectories when COP
trajectory moved from stepping leg to stance
leg. When healthy adults received sideway
pulling perturbations and used the stepping
strategy, the COP initially moved toward the
stance leg and then moved toward the
stepping leg. But the COP trajectory of
patients with hemiplegia initially moved
toward stepping leg when received pulling
perturbation from the unaffected side and
used the unaffected leg to step toward the
pulling direction. For the parameters ol COP.
there was no significant difference between
the two groups when stepping strategy was
used (Figures 5-8).

Conclusions

Patients with hemiplegia following
mild to moderate stroke tended to usc
stepping strategy to recover balance in
response to waist pulling perturbations
compared to healthy adults. Patients with
hemiplegia decreased displacement of center
of mass to avoid lost of balance when they
used fixed-support strategy. The fact that
hemiparetic patients did not show significant
differences in COP parameters compared to
healthy adults may be due to that the
majority of stepping strategies were carricd
out with the unaffected leg of the stroke
patients.

Evaluation of the Outcomes of the Present

Study

1. Although the design of this study was
different from what we proposed belore,
findings of this study are relevant and will



have great impact on the balance training
regimens for hemiparetic patients
following stroke.

. Results of this study are suitable to be

published in an internationally
peer-reviewed journal. We are in the
process of preparing for publication.

. A masters thesis is (ref. 1) is part of the

product of this study.
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