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A Cane Improves Postural Recovery
From an Unpracticed Slip During
Walking in People With
Parkinson Disease
Rumpa Boonsinsukh, Vitoon Saengsirisuwan, Patricia Carlson-Kuhta, Fay B. Horak

Background. Little is known about the effects of use of a cane on balance during
perturbed gait or whether people with Parkinson disease (PD) benefit from using a
cane.
Objectives. The purpose of this study was to evaluate the effects of cane use on
postural recovery from a slip due to repeated surface perturbations in individuals
with PD compared with age- and sex-matched individuals who were healthy.
Design. This was a prospective study with 2 groups of participants.
Methods. Fourteen individuals with PD (PD group) and 11 individuals without PD
(control group) walked across a platform that translated 15 cm rightward at 30 cm/s
during the single-limb support phase of the right foot. Data from 15 trials in 2
conditions (ie, with and without an instrumented cane in the right hand) were
collected in random order. Outcome measures included lateral displacement of body
center of mass (COM) due to the slip and compensatory step width and length after
the perturbation.
Results. Cane use improved postural recovery from the first untrained slip, characterized by smaller lateral COM displacement, in the PD group but not in the control
group. The beneficial effect of cane use, however, occurred only during the first
perturbation, and those individuals in the PD group who demonstrated the largest
COM displacement without a cane benefited the most from use of a cane. Both PD
and control groups gradually decreased lateral COM displacement across slip exposures, but a slower learning rate was evident in the PD group participants, who
required 6, rather than 3, trials for adapting balance recovery.
Limitations. Future studies are needed to examine the long-term effects of
repeated slip training in people with PD.
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Conclusions, use of a cane improved postural recovery from an unpracticed slip
in individuals with PD. Balance in people with PD can be improved by training with
repeated exposures to perturbations.
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F

ailure to recover from a trip or
slip during gait is one of the
most common reasons for falls
in people with Parkinson disease
(PD).'- Previous studies demonstrated normal latencies, but
reduced magnitudes, of postural
responses in reaction to forward or
backward slips induced by surface
perturbations in people with PD
while maintaining standing posture.'*-'' Other studies suggested that
people with PD may be even more
unstable in the lateral direction than
in the forward/backward direction.^'^
Studies have shown that lateral slips in
people with PD result üi even smaller
feet-in-place responses and delayed initiation of stepping responses, resulting
in more falls, compared with agematched control participants.'*'^

were healthy suggested that the use
of a cane could increase the risk of
falling induced by lateral movement
of the support surface by interfering
with lateral compensatory stepping
However, these
or grasping. '
studies assessed the effect of cane
use on postural recovery during
stance, so they may not represent
the true effect of using a cane to
recover equilibrium during walking.

Repeated exposure to sUp perturbations during walking has been advocated as an intervention strategy to
prevent slij>related falls.'^ Adaptation to repeated slip perturbations is
considered a component of motor
skill learning that occurs within
seconds to minutes over a period
of trial-and-error practice when
exposed to a novel condition.'**
Canes are commonly prescribed for Assessment of capability for motor
people with PD to improve mobility adaptation is tiseftil for assessing
and to help maintain balance. It has rehabilitation potential in people
been suggested that a cane may pre- with brain damage.''-" Previous studvent or reduce falls in people with ies have shown that PD affects the
PD.'^ However, until now, this notion ability to quickly change postural
has not been investigated in people response strategy w^hen the initial
with PD, and the effects of cane use conditions change.^''•^' The role of
on postural recovery from a slip in the basal ganglia in motor learning,
other neurological populations are however, may be task depencontroversial. A cane can reduce dent.2225 Whether short-term pospostural sway during unperturbed tural adaptation also would be
stance in people who are visually impaired by PD is unclear. At presimpaired""' and in patients with ent, only a few studies have
stroke.'^ '^ In the study by Ashton- addressed motor adaptation to balMiller et al,''' when the support sur- ance tasks in people with PD, and
face was moving, a cane reduced the results are inconclusive.-''-s"
loss of balance during single-legged
stance in patients with peripheral This study compared the effect of
neuropathy. In contrast, results from cane use on postural recovery from a
studies of young individuals who slip during walking in people with
PD and age-matched control participants. We also assessed how people
Available With
learned to minimize disequilibrium
This Article at
by practicing repeated slips during
ptjournal.apta.org
walking. Slip perturbation in the
direction that triggered the fall away
Video of Postural Responses of a
from the cane was selected, as it was
Person With Parkinson Disease
the most disturbing direction to baland a Control Croup Subject to a
ance.''' We hypothesized that use of
Perturbation While Walking With
a cane would improve postural
and Without a Cane
recovery from a slip during walking
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in people with PD. We also predicted that people with PD would
demonstrate slower postural adaptation to repeated exposure to slips
than people without PD.

Method
Participants
In this prospective study, 14 individuals with idiopathic PD (PD group)
and 11 age- and sex-matched individuals who were healthy (control
group) participated (Tab. 1). All participants were recruited from the
Portland, Oregon, area, and data collection was performed from July
2010 to January 2011. Participants in
both groups could walk independently for 10 m without using a walking aid. The Activities-specific Balance Confidence (ABC) scale"" and
the Edinburg Handedness Inventory"*^ were administered to all participants. Semmes-Weinstein monofilaments were used to assess
somatosensation on the index finger
of the right hand and the plantar surface of the feet. The vibration sensation was examined on the great toe
and the index finger by using a
128-Hz tuning fork. None of the participants in the control group demonstrated impaired somatosensation,
whereas 5 participants with PD
showed a decrease in somatosensation (>4.31-g monofUaments'*) and
8 showed a decrease in vibration sensation of the finger and feet.
In addition, the motor subscale (part
III) of the Unified Parkinson's Disease Rating Scale, the Hoehn and
Yahr scale, and the Freezing of Gait
Questionnaire'"' were administered
to participants with PD during the
"on" stage by a physical therapist.
Recmited participants had müd to
moderate PD with minimal gait problems (Tab. 1). All participants with
PD took their usual medications
within 2 hours of testing ("on"
stage), and none reported a wearing
off of their medication or exhibited
freezing during data collection. All
September 2012
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participants
provided
informed consent.

written

Table 1.
Participant Characteristics"

Tasks and Procedure

Two conditions of walking (with
perturbation and no perturbation)
and 2 cane conditions (with cane
and no cane) were examined in this
study. The cane was customized
with a wireless force sensor (MLP100, Transducer Techniques Inc,
Temecula, California) to detect the
vertical force exerted through its
length. This cane was adjusted so
that the top of the cane was at the
level of each participant's greater
trochanter,*5 and all participants
held the cane in the right hand. Participants were instructed how to use
the cane "to touch the ground without much weight" in the same phase
as the left foot (ie, the cane was
put on the ground when the left foot
was in contact with the ground).
Prior to data collection, a 10-minute
practice session was given to familiarize the participants with using a
cane during walking. They then
were asked to walk 10 m, including
steps onto a hydrauUcaUy driven,
servo-controlled, movable force platform embedded in the floor. Twenty
trials of unperuirbed walking, 10
each for the cane and no-cane conditions, were captured at the beginning of data coUection to provide
the baseline gait information. A
10-minute rest was given to each participant at the end of unperturbed
walking to prevent fatigue.
After the unperturbed walking trials,
participants were informed that the
next set of trials were all perturbation trials in which the floor would
move to mimic slips, but the participants "were unaware of the direction
or the timing of perturbation and
they were not allowed to practice
the perturbation. The slip perturbations involved a 15-cm rightward
movement of the force platform at
30 cm/s, triggered by 40-N loading of
the right foot on the forceplate. The
September 2012

PD Croup
(n=14)

Variable

Control Croup
(n=n)

Age (y), X±SD

68.5±5.1

68.0±4.8

Sex

10 male/4 female

7 male/4 female

UPDRS motor(/108), X±SD

33.0±7.4

H&Y stage

2(n=ll)
2.5 (n = 3)

FOGQ(/24), X±SD

5.7±4.6

ABC scale (/100), X±5D

86.2±10.1

96.6±3.2

Dominant hand

12 right/2 left

10 right/1 left

More-affected side

9 right/5 left

° PD=Parkinson disease, UPDRS motor=motor subscale the Unified Parkinson's Disease Rating Scale,
H&Y stage=Hoehn and Yahr stage, FOGQ=Freezing of Gait Questionnaire, ABC scale=Activitiesspecific Balance Confidence scale.

starting location of walking was
manipulated so that the participant's
right foot would naturally be the first
to step on the forceplate. Posttest
analysis revealed that the perturbation was triggered at the single-limb

support phase of the right foot as the
left foot was lifted off the ground
prior to the surface translation (control group: X=21.9 milliseconds; PD
group: X=4.7 milliseconds). Similarly, in the cane condition, the per-

The Bottom Line
What do we already know about this topic?
Canes are commonly prescribed to people with Parkinson disease (PD) to
improve mobility and balance. It has been suggested that a cane may help
people with PD prevent or reduce falls by helping them recover from a
slip. However, the effects of cane use on postural recovery from a slip in
other neurological populations, such as people with visual impairments
or people with stroke, are controversial.

What new information does this study offer?
This study investigated whether people with PD benefit from a cane.
Results show that people with PD who have impaired balance benefit
from a cane when encountering slips during walking. The use of the cane
reduces body sway druing unpracticed slips. Balance in PD also can be
improved by training with repeated slip exposures.

If you're a patient, what might these findings mean to
you?
Use of a cane when walking may be helpful in recovering from a slip if
you have PD. Balance training that includes practice recovering from slips
can help improve balance, and more practice appears to be needed in
people with PD than in healthy older people.
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Figure 1.
Characteristics of lateral center of mass (COM) displacements and nnediolateral (ML) COM excursions. A. Lateral COM displacement
(with positive values indicating leftward displacements from normal unperturbed gait) in arepresentativeindividual with Parkinson
disease (PD) during an unperturbed walk and during a slip perturbation with a cane and with no cane (NC) to illustrate the typical
effect of cane use on reducing lateral COM displacement in the first trial. B. Lateral COM displacement in the same individual with
PD during the first and last trials of a slip perturbation with NC to demonstrate postural adaptation to repeated slip exposures.
Perfurbation onset is aligned with time 0, so the positive values indicate the time post-perturbation. C. ML COM excursion and foot
placements in the same individual with PD during an unperturbed walk compared with the first slip perturbation with NC. D. ML
COM excursion and foot placements during an unperturbed walk compared with the first slip perturbation with a cane. E. ML COM
excursion and foot placements during an unperturbed walk compared with the last slip perturbation with NC. The first step and
second step indicate the foot placements as a result of a slip perturbation. Note the deviation of the foot placement from the plane
of progression occurred after the first slip perturbation with NC (Fig. 1C),
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Figure 2.
Postural responses to slips across trials in (A) participants with Parkinson disease (PD) and (B) control group. Croup average of
maximum lateral center of mass (COM) displacement (with standard error of the mean) across 10 trials of unperturbed walking with
cane use (walk cane) and without cane use (walk) compared with group average lateral COM displacement across 15 trials of
perturbed gait with and without cane use. The gray zone represents 95% confidence interval of lateral COM displacement in the 8th
to 15th trials, with the arrow indicating the first trial that reached the gray zone. The asterisk indicates a significant difference of the
COM displacement in the first trial from the other trials at P<.05. C. Croup average postural response from the slip (PRS) (with
standard error of the mean) during the first trial of perturbed gait with cane use (C) and without cane use (NC) in the PD and control
groups. The asterisk indicates difference between NC and C trials at P<.05 in the PD group. The double asterisk indicates difference
in PRS between the PD and control groups at P<.05. D. Plot of relationship between PRS calculated during the first NC trial and the
cane effect (PRSn^.cane " PRS^-^^J in the PD and control groups. The positive value of cane effect indicates the cane benefit. Six
participants in the PD group showed larger postural instability during the PRS than any participant in the control group.

turbation was triggered when the
cane in the right hand was lifted off
the ground.
The participants were instructed to
walk straight ahead and, when the
perturbation occurred, to try to
recover their balance and continue
walking. To prevent falls without
restricting motion, participants wore
a safety harness (NeuroCom, a division of Natus, Clackamas, Oregon)
September 2012

tethered to a sliding hook on an overhead rail. Thirty trials of slip perturbations, 15 each for the cane and
no-cane conditions, were randomly
assigned in blocks of 10 to each participant. The first trial of perturbation was controlled so that an equal
numbers of participants started in
the cane and no-cane conditions. AU
participants were able to perform 30
trials of perturbed walking without

requiring additional rest, and no one
fell during the surface perturbation.
Data Collection and Analysis

A Motion Analysis System (Motion
Analysis Corporation, Santa Rosa,
California) with 8 cameras "was used
to capture 3-dimensional spatial
coordinate information about body
segment displacements, the movement of the platform, and the movement of the force sensor cane.
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Reflective markers were placed bilaterally on the following anatomical
landmarks: temporal bone, lateral
mandibular joint, acromion, olecranon, radial styloid process, greater
trochanter, lateral femoral condyle,
lateral malleolus, heel, and tifth
metatarsophalangeal joint. In addition, 1 marker was placed on the
back comer of the platform, and 2
markers were placed on the top and
bottom of the cane shaft. Kinematic
data were sampled at 60 Hz and lowpass filtered using a second-order,
dual-pass Butterworth filter with a
cutoff frequency of 6 Hz. The Matlab
software program (MathWorks Inc,
Natick, Massachuetts) was used to
perform subsequent data analysis.
Body COM position was calculated
from segmental COM position and
the anthropométrie data'**' and was
adjusted to the position of the force
platform. The velocity of the body
COM was calculated from the derivative of body COM position in the
anteroposterior direction. The average COM velocity in each trial was
used to identify gait speed during
•walking.
As the rightward perturbation
resulted in large postural displacements to the left, lateral displacement of the body COM was the primary outcome for effectiveness of
postural responses and postural
adaptation to repeated slips (Fig. 1).
The initial peak lateral displacement
of the COM after the perturbation
was used to measure postural recovery from the slip (PRS), after subtracting the normal lateral COM displacement during gait and the
passive effect of the translation.
Peak-to-peak lateral body COM displacements during unperturbed
walking were averaged across trials
to represent gait lateral COM in the
no-cane and cane conditions. To
determine the PRS, the maximum lateral displacement of the platform (15
cm) and the individual's gait lateral
COM were subtracted from the peak
1122
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lateral COM displacement. Benefit of
the cane was defined as the difference between PRS at the first trial in
the no-cane and cane conditions
(PRS„„_cane " PRScane), «UCh that a
more positive value indicated more
benefit of the cane on improving
postural recovery.
To determine the rate of postural
adaptation, we identified the number of trials, starting at the first trial,
that were taken until a person could
maintain stable postural responses.
Stable postural responses were calculated fi'om the 95% confidence
interval (CI) of maximum lateral
COM displacement across the 8th
through 15th trials of the perturbed
no-cane condition. The 8th trial has
been sho^vn to be ftilly habituated,
with minimal further changes occurring in the subsequent trials.-^" The
first trial that reached within 95% CI
of maximum lateral COM displacement during perturbed gait was identified as the rate of postural
adaptation.
Postural responses due to slip perturbations also involved a change in gait
spatiotemporal parameters. Step
width and step length were determined from the distance between
the right and left heel markers in the
lateral and anteroposterior directions, respectively. The average step
width from individuals during unperturbed gait was subtracted from step
width in each perturbed trial to calculate step width adjustments due to
slip (SWS). Similar calculations were
performed (ie, step length during
perturbed trial minus average step
length during unperturbed walking)
to determine step length adjustments due to slip (SLS).
The step response time was used to
indicate how fast the participant put
his or her foot down after the platform perturbation onset and was
selected at the first, lowest position
of the heel marker. Thus, the first

Number 9

step response time corresponded to
placement of the left foot on the
ground, and the second step
response time corresponded to
placement of the right foot on the
ground. The cane response time was
used to determine how fast the cane
was put on the ground after the platform perturbation onset and was
selected based on the first, lowest
position of the bottom cane marker.
The lateral base of support (BOS)
after platform perturbation was calculated from the distance between
the first and second heel markers or
between the first heel marker and
the cane marker, whichever touched
the ground first.
The longitudinal force exerted on
the cane was captured at a sampling
rate of 7 Hz by the force sensor cane
and sent wirelessly via Bluetooth to
the computer. Cane force was calculated by the Matlab software based
on our calibration curve. The peak
longitudinal cane force was averaged
separately in 2 conditions: unperturbed walking and the first ground
contact after perturbation. The data
from the Motion Analysis System and
the cane were synchronized to characterize the temporal component of
cane use.
Sample size calculation was performed using C p o w e r 3.*^ Based on
a similar study of people with PD,^**
we calculated that a sample of at
least 9 people in each group would
be required to achieve 90% power
(using the mean anteroposterior
COM difference of 5 cm [SD=3.5]
between the PD and control groups).
Other statistical analysis was performed using Statistica software 7
(StatSoft Inc, Tulsa, Oklahoma). A
2-wdLy mixed analysis of variance
(ANOVA) was used to compare the
baseline gait characteristics (ie, gait
lateral COM, step width, step length,
and gait speed) between the 2
groups and the 2 cane conditions.
Effect of cane use and postural adapSeptember 2012
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Figure 3.
step response time, cane time, and lateral base of support (BOS). A. Group average of first step response time (with standard error)
during perturbed walking with a cane (C) and without a cane (NC) across 15 trials in participants with Parkinson disease (PD) and
controls. B. Group average of second step response time during perturbed walking in C and NC conditions across 15 trials in the PD
and control groups. Group average of cane time (with standard error) also is demonstrated in the same graphs. C. Group average
of mediolateral (ML) BOS when using a cane across 15 trials of perturbed walking in the PD and control groups. The measurement
of ML BOS is shown in the right panel as ML distance from the first step to the second step or to the cane, whichever was put down
on the ground first.
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Table 2.
Baseline Gait Characteristics"
Control Croup

PD Croup
Variable

No Cane

Cane

No Cane

Cane

3.2±1.3

3.5±1.4

3.3±1.3

3.5±1.4

Step width (cm)

10.2±2.4

10.4±2.2

9.3±2.5

9.3±2.4

Step length (cm)

65.9±5.1

64.7±5.3

72.9±5.5''

71.6±5.5''

Gait speed unperturbed (m/s)

1.20 + 0.04

1.11 ±0.04

1.35±0.04

1.23±0.04

Gait speed before
perturbation (m/s)

1.22±0.03

1.16±0.04

1.36±0.04

1.27±0.04

Gait lateral COM (cm)

"Values are presented as mean±standard deviation. PD=Parkinson disease, COM=center of mass.
*• Significant difference in step length, but not in gait speed, between PD and control groups at P<.05.

tation from each group was deter- during perturbed walking (PD
mined using a 2-way repeated- group: X=20.5 N, SD=8.6; control
measures
ANOVA
(2
cane group: X=26.7 N, SD=l6.1) or durconditions X 15 trials). Comparison ing unperturbed walking (PD group:
of the cane benefit was performed X=18.4 N, SD=13.7; control group:
on the PRS during the first trial of X=23.8N, SD=l6.2).
cane and no-cane conditions using a
2-way mixed ANOVA (2 groups X 2 Effect of Cane Use and Postural
cane conditions). An independent t Adaptation During Perturbed
test was used to compare the Gait
amount of force exerted on the cane Figure lA illustrates an example of
between the PD and control groups. leftward displacement of the body
The main and interaction effects COM due to the rightward surface
were set at a 2-sided .05 significance perturbations with and without a
level. The Tukey test was used to cane compared with body COM latfinâpost hoc differences when there eral motion during unperturbed gait.
was a significant main or interaction Use of a cane and practice both
reduced the lateral displacement of
effect.
the body COM in response to slips
whue walking (Figs. lA and IB).
Results
Widening of the base of foot support
Effect of Cane Use on
in the first step after the first perturUnperturbed Gait
Cane use did not change gait charac- bation also was observed (Figs. lC
teristics. Gait characteristics for both and ID). The foot placements were
groups, including gait lateral COM adjusted upon repeated slip expodisplacement, step width, step sure so that they were similar to the
length, and gait speed, were not sig- steps during unperturbed gait
nificantly different whether using a (Fig. IF).
cane or not using a cane (Tab. 2).
These gait characteristics also were The lateral COM displacements
not different between groups, with across 15 trials of perturbation durthe exception of step length, which ing the 2 cane conditions were 4 to 7
was significantly shorter in the PD times larger than during unpergroup (F,,23=9.5, P=.O1). Both turbed gait in the PD group (Fig. 2A)
groups maintained their gait speed and the control group (Fig. 2B). Maxprior to surface perturbations simuar imum lateral COM displacement was
to gait speed in trials without a per- significantly larger for the PD group
turbation (Tab. 2). Cane force was than that for the control group durnot different between groups either ing the 1st trial, but not significantly
1124
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different during the 15th trial. A
2-way repeated-measures ANOVA
(15 trials X 2 cane conditions)
revealed a significant trial effect, but
no cane or interaction effects, and
these statistical results were similar
in the PD group (F,4364=93,
P=.OO) and in the control group
(Fi428o='il, ^=.00). Post hoc analysis for the trial effect showed that
the COM displacement to the perturbation was significantly larger during
the 1st trial than during all of the
following trials in the PD group, and
the 2nd trial differed significantly
from the 6th trial through the 15th
trial. In contrast, the COM displacement in the control group at the 1st
trial did not differ from that at the
2nd trial, but both were significantly
larger than displacement in the rest
of the trials. The 95% CI of lateral
COM displacement across all perturbed trials was 11.8 to 130 cm in
the PD group and 11.5 to 13.4 cm in
the control group. The PD group
showed a slower rate of postural
adaptation compared with the control group. The 6th trial of the PD
group and the 3rd trial of the control
group were the first trials that
reached the 95% CI of lateral COM
displacement during perturbed
stance.
The PD group, but not the control
group, significantly benefited from
cane use in the first perturbation
trial (see video clip, available at
ptjoumal.apta.org). Figure 2C compares the PRS from peak COM displacement during first trial of the
cane and no-cane conditions in both
groups of participants. A 2-way
ANOVA (2 groups X 2 cane conditions) demonstrated significant cane
(Fi23=6.1, P=.O2) and interaction
(Fi 23=4.8, ^=.03) effects, suggesting that the use of a cane reduced
PRS significantly in the PD group but
not in the control group. However,
individual participants' data showed
that not every participant with PD
benefited from use of a cane; 4 out of
September 2012
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14 participants with PD did not benefit from use of a cane. The relationship between the benefit of using a
cane and the PRS in the first trial of
the no-cane condition (Fig. 2D)
showed that participants who had
the largest PRS (ie, the largest postural displacement) benefited the
most from use of a cane.
Spatiotemporal Gait Parameters
After Perturbation
Step response times after a perturbation did not differ whether using a
cane or not using a cane (Figs. 3A
and 3B). In addition, the first and
second step response times were not
different between groups. However,
step response times significantly
increased
across
repetitions
(P=.OO), showring that participants
in both groups put their foot on the
ground more slowly in the later trials
(Fig. 3A). Also, no group or cane
effects were found for the second
step time (Fig. 3B). Only the trial
effect was significant, showing that
the second step time became longer
across trials (PD group: Fj4 304=5.5,
^=.00; control group: F,4 280=7.4,
P=.0O).
The participants in the PD group put
their canes on the ground faster after
a perturbation compared with those
in the control group (Fig. 3B). However, the participants in the control
group gradually adjusted the way
they used the cane so that after the
fifth trial, they put the catie down on
the ground as fast as the participants
in the PD group. Figures 3A and 3B
also show that the participants in the
PD group put the first recovering
(left) foot on the ground first, followed by the cane and then the right
foot. In contrast, during the first trial
of platform perturbation, the participants in the control group put their
left foot on the ground first, followed
by the right foot and then the cane.
A 2-way mixed ANOVA (2 groups X
15 trials) revealed the significant
group (Fi 23=10.08, P=.OO), trial
September 2012

CFi4.322=4.83, P=.OO), and interaction (F,4322=7.02, ^=.00) effects
for the cane time.
The sequence of touching the
ground by either foot or cane creates
a different BOS. Figure 3C shows
that the lateral BOS in the participants with PD was widest during the
first 2 trials, whereas the BOS in the
control group was narrower during
their first four trials than in later
trials.
Step width and step length adjustments due to slip are presented in
Figure 4. The SWS of the preperturbed step did not differ from
the step width during unperturbed
walking (Fig. 4A), but both groups
shortened their pre-perturbed step
slightly (Fig. 4D). A 2-way repeatedmeasures ANOVA (15 trials X 2 cane
conditions) showed no differences
between cane conditions but a significant trial effect for 1st SWS
(F,4322=7.47, P=.OO) and 1st SLS
(Fi4,322=8.58, P=.OO) due to slip in
the 1st trial. Post hoc analysis
revealed that 1st SWS during the 1st
trial was wider than during the 3rd
through 15th trials (Fig. 4B) and was
not different from unperturbed step
width by the 3rd trial in the control
group and the I4th trial in the PD
group. In contrast, the 1st SLS in the
1st trial was significantly shorter
than in the rest of the trials and
became similar to unperturbed step
length by the 3rd trial in the control
group and the 6th trial in the PD
group (Fig. 4F). AS the SLS was much
larger than the SWS, these results
suggest that the faster step response
time in the 1st trial was related to the
shorter step length and the longer
step response times in later trials
were associated with longer step
lengths. This finding, however, is not
applicable to the second step
response time because there were
no significant adjustments in 2nd
SWS and 2nd SLS (Figs. 4C and 4F).

Discussion
Benefit of Cane Use for Balance
During Walking
The present study is the first to investigate the benefits of using a cane on
balance control in response to a slip
while walking. We compared the
benefits of using a cane in people
with PD and elderly control participatits. Our results demonstrated that
use of a cane improved postural
recovery from the first, novel slip in
individuals with PD, but not in the
healthy control participants, who
show^ed less COM displacement to
the slip, with or w^ithout a cane.
With the average cane force of 21 N
(2% body weight), the reduction of
lateral COM displacement in people
with PD is not likely from mechanical support to the body. Farlier studies showed that individuals poststroke required a cane force of 7% to
25% of body weight to provide
mechanical support to the body during
When holding the cane, the central
nervous system receives augmented
somatosensory cues from the hand
and arm that provide spatial orientation information to control balance.'"*' Previous studies have
shown postural stability in stance
improves even w^hen the cane force
is insufficient for mechanical support (ie, < 1 N in people who were
healthy!" ^nd in people with peripheral neuropathy,'*2.43 < 4 N jn people
with stroke'*"' '''^). In the cane condition, participants with PD anticipated the cane contact with the
ground prior to the first recovering
step (left foot) and, hence, expanded
their lateral BOS during left single-leg
support. Our analysis confirmed that
the BOS was significantly larger during the first trial for the PD group
than for the control group. This
increased BOS can allow a larger
COM displacement to be tolerated
without loss of stability.^'' Another
potential benefit of using a cane
could be explained by the contribu-
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Figure 4.
Step width adjustment (SWS) and step length adjustment (SLS) due to the slip across 15 trials of slip perturbation with no cane in
participants with Parkinson disease (PD) and controls. A. Group average of pre-perturbed SWS in the PD and control groups. B. Group
average of first SWS in the PD and control groups. C. Group average of second SWS in the PD and control groups. D. Group average
of pre-perturbed SLS in the PD and control groups. E. Group average of first SLS in the PD and control groups. F. Group average of
second SLS in the PD and control groups.

tion of stabilizing forces at the hand
holding the cane, such that a small
force through the cane could create
sufficient corrective moment around
the hand to compensate for the loss
of balance."'*-"' Using calculations
similar to those of Bateni and Maki, '^
the average cane force of 21 N
located 28 cm from the left foot created a moment of 5.88 N-m acting to
oppose the rotational moment of the
body. However, the body COM was
perturbed away from the side using
the cane, so the cane was not
directly used to mechanically stop
the fall of the body COM due to the
perturbation.
Another finding in this study was
that the cane benefit was associated
with the amount of instability measured during thefirstnovel slip, such
1126
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ined the ability to stop walking during unexpected, forward surface
slips, which indicated that PD did
not impair the ability to integrate a
balance-correcting response into gait
termination.'^" The disagreement in
the results may be due to differences
in perturbation direction, such that
people with PD are more prone to
lateral, than forward, perturbations.
Some studies of postural responses
to lateral sUps in a standing position
demonstrated that people with PD
had longer step latency and shorter
step length in response to lateral
In the present study, our participants slips.'^'^s However, we did not find
with PD showed greater postural differences in step response time,
instability during the first slip com- SLS, or SWS between people with PD
pared with their age- and sex- and controls, suggesting that posmatched controls. This result is in tural requirements may be higher
contrast to thefindingsof a previous during standing than during walking.
study in our laboratory that exam-

that individuals who showed greater
instability benefited the most from
the use of a cane. This result could
explain why the cane benefited people with PD more than the control
participants and why the benefit of
using a cane was less during subsequent trials when stability improved
after repeated exposure to perturbations. These findings supported the
notion that a cane is helpful only in
people whose stability is compromised by inadequate postural
responses.
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Postural Adaptation in People
With PD

In this study, we found that participants with PD preserved postural
adaptation capability, but the rate of
adaptation was slower than that of
their age- and sex-matched controls.
Our finding that PD does not impair
the ability to learn an automatic balance task agrees with thefindingsof
previous studies demonstrating postural task learning in people with PD
practicing a limits of stability balance
task-ö and a balance perturbation by
pulling a weight^^ and in response to
surface rotation during stance.^''•'*" In
those studies, people with PD
improved their postural responses at
the end of the acquisition phase, and
the effect of learning was sustained
from 1 week to 2 months after the
training.2'' Upon repeated exposure
to surface perturbations, the central
nervous system builds or updates the
internal representations of the
potential threats to stability to
improve feedforward control and
reduce reliance on slower, feedback
corrective mechanisms for successful recovery.'*'' Changes in feedforward control with practice, prior to
an encounter with a perturbation,
lead to improvement of dynamic stability prior to the onset of a perturbation, which reduces the need for a
postural response following the perturbation.''" In our study, the role of
gradual improvement via feedforward control was demonstrated by
the gradual reduction of lateral COM
displacement after repeated perturbations, together with the adjustment of step width until it was
close to those of unperturbed, walking steps. The reduction of COM
displacement with practice is likely
due
to
optimized
postural
responses.*^'" ''2 Reviews of previous motor learning studies reveal the
slow learning rate of people with
PD 29.53,54 5u( our study is the first to
show that this finding is also true for
a postural response task. In our
study, however, the PD group
September 2012

required more trials to adapt to the
same level as the control group, perhaps because their early trials
resulted in such large disequilibrium
and large error to correct.
Limitations and Clinical
Implications

The benefit of using a cane for postural recovery during unpracticed
slips during gait was confirmed in
this study. Most of the slips commonly occurring in daily life that
could lead to falls in people with PD
are unpracticed (ie, those that have
not been practiced). Therefore, our
results suggest that a cane could be
an effective and inexpensive aid for a
majority of people with PD to prevent a fall due to a slip, especially
when they need to navigate in unfamiliar environments. The limitation
of this study is that postural perturbations generated by the hydraulic
platform may not fully represent slip
perturbations that occur in the real
world. Thus, the benefits of cane use
also should be validated outside a
laboratory during daily walking.

that the postural adaptation rate was
slower in people with PD than in
elderly controls could guide clinicians to arrange more practice trials
for training postural control in people with PD. This study, however,
focused on postural adaptation during the acquisition phase of learning,
so it is not known how long this
learning would last. Future studies
are needed to examine the long-term
effects of repeated slip training in
people with PD.
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