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Abstract

The specific aim of this year-one part
of the three-year research project was to
compare the differencesin the influence of
assistive device use on dynamic balance and
the associated attentional demands during
voluntary stepping in standing between
patients with stroke and age-matched
healthy individuals. Subjects were asked to
step forward, sideways, or backward, in
response to a stimulus light signal with the
left or right leg under a cane-free and a cane
(regular type)-assisted condition. In the cane
-assisted condition, healthy subjects used the
dominant hand and patients with stroke used
the unaffected hand to hold the regular cane.
To date, 8 (6 young and 2 older) healthy
subjects have participated in this study.
Reaction time, movement time, step length,
and the force dynamics of the cane were
calculated. The results showed that older
adults benefited from using the cane by
decreasing the reaction time and increasing
the movement time of the stepping
responses. The force dynamics of the cane
were task-specific, suggesting that even for
healthy adults, the use of a cane till
provides additional physical support for the
completion of the stepping movement.
These preliminary results will serve as
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important reference information to be
compared with as we collect more dataon
hemiparetic patients following stroke.

Keywords. hemiplegia, ambulation assistive
device, attention, stepping during standing,
dynamic equilibrium, reaction time,
movement time, force dynamics

Background and Aims

Restoration of independent standing
and walking ability is one of the most
common ultimate goals of stroke
rehabilitation. Ambulation assistive devices
(or ambulation aids) are thus important
training or supporting tools in stroke
rehabilitation. Although the use of an
assistive device increases the base of support
and decreases postural sway for stroke
patients in standing, the use of an assistive
device may also inevitably aggregate weight
bearing asymmetry between the affected and
unaffected lower extremities (Milczarek et
al., 1993). Brunt et a (1995) has shown that
asymmetric stance led to greater difficulty
with gait initiation than symmetric stance for
stroke patients. Therefore, it remains an
important issue to investigate how the use of
an assistive device influences dynamic
balance, rather than static balance, in



standing for these patients. Furthermore,
research using dual-task paradigm has also
shown that the use of an assistive device
increased attentional demands during
standing for healthy individuals (Wright &
Kemp, 1992). The verbal reaction time for a
secondary verbal task was found longer
when healthy individuals walked with
standard walker or rolling walker compared
to when they walked without any devices
(Wright & Kemp, 1992). It remains
unknown whether the use of an assistive
device also increase attentional demands to
perform amotor tasks for stroke patients.
The specific aim of this study was to
compare differencesin the influence of
assistive device use on dynamic balance and
the associated attentional demands during
voluntary stepping in standing between
patients with stroke and age-matched
healthy individuals.

M ethods

Subjects.  Eight (6 young and 2 older)
healthy adults have participated in this study.
The mean age, body weight, and body
height were 25.3 + 3.2 yr, 54.8 £12.3kg,
163.0 = 7.2cm for young subjects and 62.5+
0.7 yr, 69.0 £9.9kg and 179.0 £1.4cm for
older subjects, respectively. All of these
subjects were right-foot dominant, had
normal muscle strength and full score (56)
on the Berg Balance Scale, indicating that
none of these subjects have balance
problemsin daily activities. Because of the
outbreak of SARS disease in Taipel
metropolitan areain the past several months,
we had great difficulty recruiting volunteers,
especially stroke patients, from the National
Taiwan University Hospital or the
communitiesin the surrounding to
participate in this study. Therefore, to date,
only healthy subjects have been tested. After
the outbreak of the SARS disease in under
better control in the Taipei area, we will
continue to recruit more stroke and healthy
subjects to participate in this study.

Experimental Apparatus. A Reaction

Time Timer (Lafayette Instrument, USA)
was used to provide a stimulus light to the
subject. Two force plates (AMTI ORG6-7,
Advanced Mechanical Technology, Inc.,
USA) were used to record ground reaction
forces of the subjects, which then were used
to derive center of pressure data. One
instrumented cane (Model Z-CT6-500,
Advanced Mechanica Technology, Inc.,
USA) was used to record the horizontal and
vertical reaction forces on the canein the
cane-assisted conditions. Six foot switches
(Motion Lab Systems, Inc., USA) were used
to signal the time the heel and the 1st and 5™
metatarsal heads of each foot werein
contact with or off the floor. The stimulus
light, force and foot switch signals were all
recorded on a PC computer using the
DATAPAC A/D acquisition board and
acquisition software (Run Technologies,
USA). The DATAPAC2000 software (Run
Technologies, USA) was used to analyze the
light, force and foot switch data. A video
camera (Video Hi8 SONY) was used to
record subject’s behaviors during the
experiment. A custom-written softwareis
now being programmed and will be used to
quantitatively analyze the center of pressure
data. Behavioral analysis using the video
data was performed to characterize subject’s
balance behaviors before, during, and after
the stepping movements.

Stepping Tests.  Each subject was
standing on one of the force plates with
symmetric stance initially. The stimulus
light of the reaction timer was positioned 1
meter in front of the subject at the eye level.
Each subject was instructed to make a quick
step with comfortable step length toward the
other force plate after ared stimulus light
was lit. Twelve stepping conditions were
tested on each subject in random order,
including stepping forward, sideways, and
backward with the right and left leg,
respectively, under a cane-free and aregular
cane-assisted condition. In the regular cane
-assisted condition, healthy subjects used the
dominant hand and patients with stroke used
the unaffected hand to hold the regular cane.



There were atotal of 36 trialswith 3 trialsin
each condition.

Results

Figure 1 shows the reaction time for
making a stepping movement in all tested
conditions for the young subjects. In the
forward and backward stepping conditions,
young subject presented longer reaction time
in the cane-assisted conditions than in the
cane-free conditions. In sideway stepping
condition, the reaction time increased in the
cane-assisted rightward stepping condition,
but decreased in the cane-assisted |eftward
stepping condition, compared to the
corresponding cane-free conditions. Figure 2
presents the movement time of completing
the stepping movement in all tested
conditions for the young subjects. The
results showed that the movement time
decreased in the cane-assisted forward and
backward stepping conditions, but increased
in the rightward stepping condition,
compared to the corresponding cane-free
conditions. Figure 3 illustrates the reaction
time for making a stepping movement in all
tested conditions for the older subjects.
Different from the reaction time results on
young subjects, the reaction time of older
adults decreased in all cane-assisted
conditions except for the cane-assisted
backward stepping with the right leg
condition. Also contrary to the results of
movement time on young adults, older
adults presented longer movement time in
most of the cane-assisted conditions, except
for the cane-assisted backward stepping
conditions (Fig. 4).

Figures 5 and 6 present the effects of
cane use on normalized step length in all
stepping conditions for the healthy young
and older adults, respectively. It appears that
the use of cane did not cause significant
changesin step length for both age groups.

Figures 7, 8, 9 and 10 illustrates the
typical dynamics of the horizontal and
vertical reaction forces on the canein the
forward stepping with the | eft leg, backward
stepping with the left leg, leftward stepping

with the left leg, and rightward stepping

with the right leg conditions, respectively, in
one young subject. In al of these conditions,
the subject held the cane with his right hand.

Regarding the medio-lateral (ML) force
trgectories, the results showed no
significant change in the ML forces prior to
and during the stepping movement in both
forward and backward cane-assisted
stepping conditions (Figs 7 & 8), whereas
this force was directed rightward as the
subject stepping leftward (Fig. 9) and
directed leftward as the subject stepped
rightward (Fig. 10).

Regarding the antereo-posterior (AP)
force trgectories, the results showed that in
the forward stepping condition, thisforce
was directed forward and then backward
(Fig. 7). In the backward and leftward
stepping conditions, this force was directed
anterior throughout the stepping movement
(Figs. 8 & 9). In the rightward stepping
condition, this force was directed posterior
first and then change to be anterior (Fig. 10).

In terms of the vertical force
trgjectories of the cane, the data showed that
in forward, backward, and leftward stepping
movement, the vertical force on the cane
first decreased, that is the subject unloaded
the cane momentarily, in the early phase of
the stepping response, then the vertical force
increased (loading on the cane) afterwards
(Figs. 7, 8, & 9). On the other hand, during
the rightward stepping movement, the
subject loaded the cane directly in the early
phase of the reaction and thus the vertical
force on the cane increased immediately
(Fig. 10).

Discussion and Conclusions

1. The preiminary results on reaction and
movement times showed that
differential effects of cane use between
healthy young and older adults. In
young adults, it appears that the use of
the cane may change their
programming of a stepping movement,
therefore the reaction time increased
with the use of acane. On the other



hand, the use of a cane may provide
older adults with extra physical support
and therefore older adults were willing
to spend more time in the single stance
phase of the stepping movement, which
resulted in alonger movement timein
the cane-assisted condition.

The dynamics of the force patterns on
the cane were rather task-specific. It
appears that although these healthy
adults do not need to use the cane for
making a stepping movement on a
regular basis, when they do hold a cane
to perform the stepping movement, the
forces they generate on the cane still
play a complementary role in assisting
the completion of the stepping
movement.

These preliminary data will serve as
important reference information to be
compared with as we collect more data
on stroke patients.

Evaluation of the Outcomes
of the Present Study

1. Inthis project, we originaly had a
dual-task design and proposed to purchase
acommercial verbal reaction time
machine (Lafayette Instrument, USA) to
record subjects performance on a
secondary verbal task. However, it was
later found that the function of the
commercial machineis not adequate for
fulfilling the purpose of the current
project. Therefore, we later decided to
have this machine custom-made by alocal
company instead. Because this machine
was not ready until late April of 2003, we
therefore conducted this study using the
single task design first and report the
results on single task design here. We will
continue to conduct the dual-task design
part of this study and further investigate
the attentional changes associated with
cane use in healthy subjects and stroke
patients.

. Because of the outbreak of SARS disease
in Taipei metropolitan areain the past
several months, we had great difficulty

recruiting volunteers, especialy stroke
patients, from the National Taiwan
University Hospital, where our |aboratory
islocated, or from the communitiesin the
surrounding to participate in this study.
Therefore, to date, only healthy subjects
have been tested. After the outbreak of the
SARS disease in under better control in
the Taipel area, we will continue to recruit
more stroke and healthy subjectsto
participate in this study.

. We will continue to work on the

custom-written software and use it to
complete our quantitative analysis of the
COP data

4. Our preliminary results on the effects of

2.

cane use on reaction times, movement
times, step lengths, and force dynamics on
the cane are highly important for
understanding the influence of cane use
on the dynamic balance control
mechanisms during stepping movement in
healthy adults and in hemiplegic patients.
These results also have significant clinical
implications and will provide some
important guidelines for balance and gait
training regimens in hemiparetic patients
following stroke.

. Results of this study are suitable to be

published in an internationally
peer-reviewed journal. We will writeit up
for publication after the completion of this
project.
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