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Abstract

Restoration of the ability to independently stand and walk is one of the primary goals of
stroke rehabilitation. The regular cane is one of the most commonly used assistive devicesin
standing and ambulation training for patients with stroke. Although the use of aregular cane does
present some biomechanical advantages, the use of can may, on the other hand, inevitably
introduce some negative influences on patients. For instance, the use of aregular cane may
increase standing and walking asymmetry, decreased weight bearing or force generation demands
on the affected lower extremity, and increased psychological dependence on the device.
Furthermore, these patients need to operate the devices with certain degree of temporal and
gpatial accuracy during movements. It remains unanswered as to whether the use of such devices
would increase the demands on patients’ attention, which in turn, may reduce patients’ level of
control over the mobility tasks at hand or degree of vigilance to attend to the changing
environment, and consequently leads to more falls among these patients.

There three specific aims for this three-year research project were: first, to investigate the
influence of using aregular cane on the movement performance and kinetics during voluntary
forward stepping task in standing for patients with stroke and healthy adults; second, to
investigate the influence of using aregular cane on the attentional demands associated with
performing a voluntary forward stepping task in standing for patients with stroke and healthy
adults; and third, to investigate the influence of using aregular cane on the gait performance and
attentional demands while performing comfortable-speed walking in patients with stroke and
healthy adults.

Results of the first-year project showed that while performing avolitional forward stepping
task, patients with stroke demonstrated similar ground reaction force patterns, but of smaller
magnitudes and with poorer smoothness, compared to age-matched healthy adults. This was
especially true when these patients stepped with the affected lower extremity. When the patients
stepped with the affected lower extremity and with the use of aregular cane held on the
unaffected hand, their step length (SL) increased compared to the stepping without a cane
condition. When the patients stepped with the unaffected lower extremity and with the use of a
regular cane, the movement time (M T) duration, during which the affected lower extremity
supported the majority of the body weight, and the center of pressure speed (COPsp) in the
reaction time (RT) phase were significantly increased, the patterns of the vertical ground reaction
forces became smoother, whereas the magnitude of the vertical ground reaction forces decreased,
compared to the stepping with the unaffected lower extremity and without a cane condition.
Therefore, it is evidence that the regular cane played arole of assisting the forward propulsion
and weight support especially when these patients stepped with the unaffected lower extremity.
Although the use of a cane indeed improved the movement performance and dynamic balance
associated with the stepping task for these patients, the use of a cane inevitably reduced the need
for them to generate active vertical ground reaction forces by the affected lower extremity of



these patients.

The major findings of the second-year project were that the patients with stroke showed a
significantly greater increase in the verbal reaction time (VRT) from the single task (verbal
choice reaction time (VCRT) task) condition to the dual task (stepping plus VCRT tasks)
condition than the age-matched healthy adults (p < .001). Such increase was the greatest when the
patients were stepping with the affected lower extremity, indicating that patients with stroke
required a much greater amount of attention while performing the stepping with the affected
lower extremity task than age-matched healthy adults. The use of aregular cane did not
significantly change the needed amount of attention associated with performing the stepping task
for both groups of subjects.

In the third-year project, we found that the use of aregular cane did not significantly affect
the VRT performed in asingle task VCRT condition for both patients with stroke and healthy
adults. The use of aregular cane, however, increased the VRT from a mean of 858.3 msec in the
single task (VCRT task only) condition to an average of 969.1 msesin the dual task (VCRT task
was performed simultaneously with a comfortable-speed walking task) condition for both groups
of subjects (p < .05). These findings suggest that the use of aregular cane to walk required a
greater amount of attention than not using a cane for both patients with stroke and healthy adults.

Together, our results suggest that the benefits of using aregular cane to perform avoluntary
forward stepping task or awalking task primarily include the effectiveness in improving the
movement performance and dynamic stability. The negative influences of using a cane to perform
these tasks are the reduced need to generate active forces with the affected lower extremity for
patients with stroke and increased attention demands for walking for both patients with stroke and
healthy controls. Therefore, the decision as to whether aregular cane ought be used as an
assistive device for mobility and ambulation training for patients with stroke or not has to be
based upon case-specific relative weighting between the positive and negative influences of cane
use.

Key Words:. stroke patients, ambul ation assistive device, attention, stepping during standing,
walking, dynamic equilibrium
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I ntroduction

Background

Research has shown the effectiveness of using ambulatory assistive devicesto increase
standing stability of patients with strokein clinical practice (Maedaet a., 2001). However,
literature has al so suggested that manipulation of ambulatory assistive devices in dynamic motor
tasks, such as walking, inevitably requires additional attention, even in healthy adults (Wright &
Kemp, 1992). Given that the majority of patients with stroke suffer from balance and mobility
control difficulty, which subsequently increases their attentional demands associated with
maintaining balance and walking (Bowen et a., 2001; Brown et al., 2002; Haggard et al., 2000),
it remains an important question as to whether the use of ambulatory assistive devices would take
away some attentional resources that would otherwise be used for maintaining balance or
walking.

Purposes

Therefore, the purposes of this three-year research project were three-fold. First, we
investigated the influences of using aregular cane on the movement performance and kinetics
during voluntary forward stepping task in standing for patients with stroke and healthy adults.
The purpose of the second-year project was to investigate the influence of using aregular cane on
the attentional demands associated with performing a voluntary forward stepping task in standing
for patients with stroke and healthy adults. The third-year project was aimed to investigate the
influence of using aregular cane on the gait performance and attentional demands while
performing comfortable-speed walking in patients with stroke and healthy adults. The first and
second purposes were fulfilled in ajoined experiment, Experiment 1, and the third purpose was
achieved in Experiment 2. The dual-task paradigm was used for both experiments.



Methods

Experiments 1 for Purposes 1 and 2

Subjects.  Eleven patients with asingle onset of stroke (mean age=54.1 + 9.8y; 10
males and 1 female), recruited from the National Taiwan University Hospital, and 11
age-matched healthy adults (mean age=55.5 + 7.7 y; 10 malesand 1 female) participated in this
experiment. Patients with stroke al met following inclusion criteria: (a) first onset of stroke
causing contralateral hemiplegia defined as |CD-10 (The Tenth Revision of International
Classification of Diseases, ICD-10, WHO), (b) being able to independently stand for at least 10
minutes and to step forward without wearing ankle-foot orthosis or using any assistive device, (c)
no cognitive deficit as determined by a score of 24 points or above on the Mini-Mental State
Examination (MMSE), (d) no signs of hemi-neglect and hemi-anopia, and (€) no symptoms or
history of other neurological or orthopedic problems which may affect their ability to stand or
step forward. The healthy adults were aged- and gender-matched volunteers with no history of
neurological and severe orthopedic problems. Informed consent was obtained from all
participants. This study was approved by the Ethics Committee of the National Taiwan
University Hospital.

Design. Thiswas across-sectional case-control study. All subjects undertook one session
of clinical assessments and another session of laboratory tests within one week.

Clinical Assessments. Health survey questionnaires and clinical assessments were used to
record subjects’ relevant medical history. The clinical assessments used in this study included the
Mini-Mental State Examination (MMSE) (Folstein et al., 1975), Step Test (Hill et al. 1996), Stop
Walking When Talking test (Lundin-Olsson, et al., 1997), Timed “Up and Go” Test (Podsiadlo &
Richardson, 1991), 10-meter walking speed test, and Berg Balance Scale (Berg et al., 1989). In
addition, all stroke patients also received the lower extremity motor and coordination test portion
of the Fugl-Meyer Assessment (Fugl-Meyer, et ., 1975), the Modified Ashworth Scale (Gregson
et a., 1999), and the Star Cancellation Test (Halligan et al., 1989). It took approximately 1 to 1.5
hours for each subject to complete the clinical assessment session.

Experimental Apparatus. A custom-built Multi-Stimuli Generator (MSG) (DoLu
Technologies Co, Ltd., Taiwan) was used to provide ayellow warning light signal, ared stimulus
light signal, and tone stimulus signals (“high” (2000Hz) or “low” (500Hz) tone signals) to the
subjects as well as to record voice responses generated by subjects in the voice reaction time task
condition. Two force plates (AMTI OR6-7, 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 Mechanical Technology,
Inc., USA) was used to record the horizontal and vertical reaction forces on the cane in the
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cane-use 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 were in contact with or off the floor.
The stimulus light, stimulus voice, 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 DATAPA C2000 software (Run Technologies, USA) was used to
analyze the light, voice, force plate, cane, and foot switch data. Two video cameras (Video Hi8
SONY) were used to record subject’s behaviors during the experiment from the frontal and
sagittal views. A custom-written software is 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.

Laboratory Sepping and Verbal Reaction Time Tests.  All subjects were tested in 3 task
conditions: single primary task (stepping task alone), single secondary task (verbal choice
reaction time (VCRT) task alone), and dual task (stepping plus VCRT tasks) conditions. All three
conditions were further stratified into cane-use and cane-free sub-conditions with 6 trials being
tested in each sub-condition. For the sub-conditions in which subjects’ stepping performance was
tested, each leg performed 3 stepping trials. The sequence of task conditions and sub-conditions
were al randomized among subjectsin order to eliminate sequence effects. There were atotal of
36 trids.

Procedure of Laboratory Tests. Each subject stood on one of the force plates with
symmetric stance initially. The MSG was positioned 1.5 metersin front of the subject at the eye
level. Each subject was instructed to make a quick forward step of comfortable step length toward
the other force plate after ared stimulus light was it in the single primary task and dual task
conditions and to make a quick verbal response (“high” or “low”) when hearing atone signal in
the single secondary task and dual task conditions. A yellow warning light was lit up before the
red stimulus light or the voice signal to remind the subjects of paying attention to the incoming
signalsin each trial. It took approximately 1 to 1.5 hours for each subject to complete the
laboratory tests.

Data and Satistical Analyses.  Performance of stepping movements (step reaction time,
step movement time, center of pressure measures, and EMG of bilateral tibialis anterior and
gastrocnemius and unilateral triceps brachii) and verbal responses (verbal reaction time (VRT)
and verbal response accuracy (VRA)), as well asthe kinetics of cane were recorded and analyzed.
Three-way (Group x Cane conditions (with v.s. without) x Task (single v.s. dual conditions))
repeated measures of analysis of variance (RM ANOVA) were used to analyze the data. An alpha
level of .05 was selected as the criterion for statistical significance.



Experiment 2 for Purpose 3

Subjects.  Six patients with asingle onset of stroke (mean age=56.7 + 7.3Y), recruited
from the National Taiwan University Hospital, and 5 age-matched healthy adults (mean age= 54.5
+ 1.8y) participated in this experiment. Patients with stroke all met following inclusion criteria:
(@) first onset of stroke causing contralateral hemiplegia defined as 1CD-10 (The Tenth Revision
of International Classification of Diseases, ICD-10, WHO), (b) being able to independently walk
for 10 meters without wearing ankle-foot orthosis or using any assistive device and bweing able
to tolerate an exercise program lasting for 30 minute, () no cognitive deficit as determined by a
score of 24 points or above on the Mini-Mental State Examination (MM SE), (d) no signs of
hemi-neglect and hemi-anopia, and (€) no symptoms or history of other neurological or
orthopedic problems which may affect their ability to stand or step forward. The healthy adults
were aged- matched volunteers with no history of neurological and severe orthopedic problems.
Informed consent was obtained from all participants. This study was approved by the Ethics
Committee of the National Taiwan University Hospital.

Design. Thiswas across-sectional case-control study. All subjects undertook one session
of clinical assessments and another session of laboratory tests within one week.

Clinical Assessments. Health survey questionnaires and clinical assessments were used to
record subjects’ relevant medical history. The clinical assessments used in this study included the
Mini-Mental State Examination (MM SE) (Folstein et al., 1975), Stop Walking When Talking test
(Lundin-Olsson, et al., 1997), Timed “Up and Go” Test (Podsiadlo & Richardson, 1991),
10-meter walking speed test, and Berg Balance Scale (Berg et a., 1989). In addition, all stroke
patients also received the lower extremity motor and coordination test portion of the Fugl-Meyer
Assessment (Fugl-Meyer, et a., 1975), the Modified Ashworth Scale (Gregson et a., 1999), and
the Star Cancellation Test (Halligan et al., 1989). It took approximately 1 to 1.5 hours for each
subject to complete the clinical assessment session.

Experimental Apparatus. A custom-built Multi-Stimuli Generator (MSG) (DoLu
Technologies Co, Ltd., Taiwan) was used to provide “high” (2000Hz) or “low” (500HZz) tone
signals to the subjects as well as to record voice signals generated by subjects in the voice choice
reaction time (VCRT) task condition. The GaitMat!| system (GaitMat' 11, E.Q. Inc., USA) was
used to record and analyze walking speed and the spatal and temporal characteristics of gait in the
comfortable speed walking task. The Pedar Insole system (Novel gmbh, Munich, Germany) and
the Novel multi-mask and COP-velocity software (Novel gmbh, Munich, Germany) were used to
record and analyze the foot pressure data, respectively, under both feet during the standing and
walking trials of this experiment. A gait mat (3.8 meter long x .6 meter wide) (GaitMat™I1, E.Q.
Inc., USA) was placed at the center of a 8-meter-long walkway to record spatio-temporal
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information of gait. One instrumented cane (Model Z-CT6-500, Advanced Mechanical
Technology, Inc., USA) was used to record the horizontal and vertical reaction forces on the cane
in the cane-use conditions. The stimulus tone, voice responses, onset of GaitMatl| recording
signals were all recorded on a PC computer using the DATAPAC A/D acquisition board and
acquisition software (Run Technologies, USA). The DATAPA C2000 software (Run Technologies,
USA) was used to analyze the stimulus tone, voice responses and cane kinetics. One video
camera (Video Hi8 SONY') was used to record subject’s behaviors during the experiment from
the frontal view. Behavioral analysis using the video data was performed to provide references
for synchronizing data recorded from the three different systems- the GaitMat!|, Pedar, and
DATAPAC.

L aboratory Comfortable-Speed Walking and Verbal Reaction Time Tests. All subjects
were tested in 3 task conditions: single primary task (walking alone), single secondary task
(VCRT task aone), and dual task (walking plus verbal reaction tasks) conditions. All three
conditions were further stratified into cane-use and cane-free sub-conditions with 8 trials being
tested in each sub-condition. The sequence of task conditions and sub-conditions were all
randomized among subjects in order to eliminate sequence effects. There were atotal of 24 trials.

Procedure of the Laboratory Tests.  Each subject stood with symmetric stance initially
on one end of a 8-meter-long walk way in which the 4-meter-long GaitMat!l walkway was
inserted in the middle. The M SG was positioned approximately 2-3 meters away from the subject
in the same laboratory such that the subject can hear the tone signals from the MSG clearly. Each
subject was instructed to walk across the 8-meter-long walkway at self-selected comfortable
speed in the single primary task condition and dual task conditions and to make a quick verbal
response (“high” or “low”) when hearing atone signal in the single secondary task and dual task
conditions. It took approximately 1 hours for each subject to complete the laboratory tests.

Data and Satistical Analyses.  Walking speed in the walking tests and verbal responses
(verbal reaction time (VRT) and verbal response accuracy (VRA)) inthe VCRT tests were
recorded and analyzed. Three-way (Group x Cane conditions (with v.s. without) x Task (singlev.s.
dual conditions)) repeated measures of analysis of variance (RM ANOVA) were used to analyze
the data. An alphalevel of .05 was selected as the criterion for statistical significance.



Results and General Discussions

Primary Results of Experiment 1

Cane effects on stepping per formance and kinetics (for Purpose1).  While performing
avolitional forward stepping task, patients with stroke demonstrated similar ground reaction
force patterns, but of smaller magnitudes and with poorer smoothness, compared to age-matched
healthy adults. This was especially true when these patients stepped with the affected lower
extremity. When the patients stepped with the affected lower extremity and with the use of a
regular cane held on the unaffected hand, their step length (SL) increased compared to the
stepping without a cane condition. When the patients stepped with the unaffected lower extremity
and with the use of aregular cane, the movement time (MT) duration, during which the affected
lower extremity supported the majority of the body weight, and the center of pressure speed
(COPsp) in the reaction time (RT) phase were significantly increased, the patterns of the vertical
ground reaction forces became smoother, whereas the magnitude of the vertical ground reaction
forces decreased, compared to the stepping with the unaffected lower extremity and without a
cane condition (Figure 1). Therefore, it is evidence that the regular cane played arole of assisting
the forward propulsion and weight support especially when these patients stepped with the
unaffected lower extremity. Although the use of a cane indeed improved the movement
performance and dynamic balance associated with the stepping task for these patients, the use of
acane inevitably reduced the need for them to generate active vertical ground reaction forces by
the affected lower extremity of these patients.
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Figure 1. The vertical ground reaction forces under the feet (blue) and under the cane (green) in
the stepping with the unaffected leg not using a cane (left figure) and using
acane (right figure) conditions for a patient with stroke.

Task effects on attentional demands associated with stepping (for Purpose2).  Patients
with stroke showed a significantly greater increase in the verbal reaction time (VRT) from the
single task (verbal choice reaction time (VCRT) task) condition to the dual task (stepping plus
VCRT tasks) condition than the age-matched healthy adults (p < .001). Such increase was the
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greatest when the patients were stepping with the affected lower extremity, indicating that
patients with stroke required a much greater amount of attention while performing the stepping
with the affected lower extremity task than age-matched healthy adults (Figure 2). The use of a
regular cane did not significantly change the needed amount of attention associated with
performing the stepping task for both groups of subjects.
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Figure 2. Changesin VCRT from the single task to the dual task conditions
in healthy adults and patients with stroke.

Primary Results of Experiment 2

Cane effects on walking speed (for Purpose 3). The results showed a significant main
effect for Cane (p < .05), but no Group x Cane or Task x Cane interaction effects, on comfortable
walking speed. The pooled data for the 2 groups of subjects showed that the walking speed ( .97
m/sec) was significantly faster in the cane-free condition than that in the cane-use ( .91 m/sec)
condition.

Task effects on attentional demands associated with walking (for Purpose 3). The
results showed a significant Task x Cane interaction effect on the VCRT (p < .05). The post-hoc
statistical analyses revealed that in the single task condition, the pooled mean VCRT for the 2
groups of subjects were not significantly different between the cane use (773.3 msec) and
cane-free (788.6 msec) conditions. On the other hand, in the dual task condition, the pooled mean
VCRT was significantly longer for the cane-use condition (969.1 msec) than for the cane-free
condition (858.3 msec) (Figure 3). These findings suggest that walking with aregular cane
increased the attentional demands for walking for both patients with stroke and healthy adults of
similar age.
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Figure 3. The VCRT of the healthy adults (left) and patients with stroke (right) in the single and
dual task conditions and with cane and without cane sub-conditions.

General Discussions

Together, our results suggest that the benefits of using aregular cane to perform a
voluntary forward stepping task or awalking task primarily include the effectivenessin
improving the movement performance and dynamic stability. The negative influences of
using a cane to perform these tasks are the reduced need to generate active forces with the
affected lower extremity for patients with stroke and increased attention demands for
walking for both patients with stroke and healthy controls. Therefore, the decision asto
whether aregular cane ought be used as an assistive device for mobility and ambulation
training for patients with stroke or not has to be based upon case-specific relative
weighting between the positive and negative influences of cane use.
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Evaluation of the Outcomes of the Projects

1. Theextent the contents of the research reported above matches with the original
proposal: Approximately 70% of the contents presented above match with the original
proposal. We were unable to carry out the second specific aim of the original prposal,
examining cane effect on performance and attentional demands on reactive postural
responses, due to technical difficulty with re-constructing a computer-driven pulling
perturbation system.

2. Theextent the goals are achieved: 70%.

Publications: Currently, two manuscripts associated with Experiment 1 are in preparation for
publication. In addition, a masters student’s thesis (& . #, 2004) is completed based on one of
the aim and three conference presentations have been made based on our findings. In total, at
least 3 manuscripts will be written up for publication within the next 12 months.
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