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Abstract.

Background: People with Alzheimer’s disease (AD) exhibit balance and walking impairments that increase falls risk.
Prescription of a mobility aid is done to improve stability, yet also requires increased cognitive resources. Single-point canes
require unique motor sequencing for safe use. The effect of learning to use a single-point cane has not been evaluated in
people with AD.

Objectives: In people with AD and healthy adult controls: 1) examine changes in gait while using a cane under various walking
conditions; and 2) determine the cognitive and gait costs associated with concurrent cane walking while multi-tasking.
Methods: Seventeen participants with AD (age 82.1 £5.6 years) and 25 healthy controls (age 70.8 £ 14.1 years) walked
using a single-point cane in a straight (6 meter) and a complex (Figure of 8) path under three conditions: single-task (no aid),
dual-task (walking with aid), and multi-task (walking with aid while counting backwards by ones). Velocity and stride time
variability were recorded with accelerometers.

Results: Gait velocity significantly slowed for both groups in all conditions and stride time variability was greater in the AD
group. Overall, multi-tasking produced a decrease in gait and cognitive demands for both groups, with more people with AD
self-prioritizing the cognitive task over the gait task.

Conclusion: Learning to use a cane demands cognitive resources that lead to detrimental changes in velocity and stride time
variability. This was most pronounced in people with mild to moderate AD. Future research needs to investigate the effects
of mobility aid training on gait performance.

Keywords: Aged, assistive devices, cane, dementia, gait

INTRODUCTION prominent factors associated with an increased risk
of falls [1]. The incidence of falls among those with

In addition to cognitive decline, Alzheimer’s dis- AD is almost twice that of healthy older adults [2].
ease (AD) adversely affects balance and walking, two The consequence of a fall can profoundly affect the

— physical and psychological well-being of a person,
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use of a mobility aid is a standard treatment option
for balance and gait impairments, yet mobility aids
in dementia are associated with a three-fold increase
in the odds of falls [4, 5]. There is a desperate need to
find successful interventions to prevent falls for the
more than 25 to 37.5 million people globally currently
living with AD [6].

Walking involves planning and navigating through
environments to manage obstacles, changes in ter-
rain, and unexpected perturbations without becoming
unsteady and losing balance [7]. As such, gait is
a cognitively demanding task that requires higher
order cognitive functions for even the regulation of
routine walking [8]. Executive function, a collection
of cognitive processes such as attention and mem-
ory, is critical to the planning and modification of
walking according to sensory information and envi-
ronmental factors (e.g., obstacles) [9]. Importantly,
executive function impairment is associated with an
increased risk of falls [10]. In AD, executive function
is impaired early [11], progressively deteriorates and
has been found to be associated with an unstable gait
performance [12].

Most of our everyday activities involve the com-
pletion of two tasks at once, known as dual-tasking
[9]. Attention is considered to have a finite capacity
and if the performance of two tasks simultaneously
exceeds the cognitive capacity of the individual then
performance on one or both concurrent tasks will
deteriorate [14]. In those with functional limitations
(e.g., a walking impairment), a greater amount of
attentional demand is needed when walking in order
to accommodate for a less stable system [8]. The
change in performance from the single-task to a
combined task, is known as task cost, and is a mea-
sure of the cognitive demands imposed by the tasks
[14]. Cognitive demands will vary with task nov-
elty and task complexity, with an increased cognitive
demand being associated with an increased falls risk
[14, 15]. Dual-task testing enables the study of the
inter-relationship between cognition and mobility.
Importantly, when people with AD walk and perform
a concurrent cognitive task, they exhibit a deteriora-
tion in walking quality as demonstrated by slower
walking and greater stride time variability than walk-
ing alone [16].

Provision of a mobility aid (e.g., a cane or walker)
to those displaying balance and gait problems can
facilitate independent and safe ambulation during
activities of daily living [17]. A mobility aid improves
stability by increasing the base-of-support and allow-
ing for sensory feedback to be gathered through the
upper body [17]. Different types of mobility aids can

provide varying levels of support from a small (e.g.,
a single-point cane) to a large (e.g., wheeled walker)
amount. The aim is to provide a gait aid that delivers
the level of support required by the individual to opti-
mize gait, but not too much support that it may limit
function. The optimal and safe use of a single-point
cane requires appropriate sequencing and coordina-
tion of the gait aid and leg [18], and use of the aid
when turning or negotiating obstacles. Although not
often considered as such, the use of a mobility aid is
a complex motor task that can result in an increased
cognitive load [17].

Impairment in executive function can result in a
reduced ability to successfully ambulate in attention-
demanding situations. People with mild to moderate
AD learning to use a 4-wheeled walker had slower
performance times and an increased number of steps
compared to healthy controls manoeuvring around
obstacles, yet there was no difference between groups
when walking in a straight path with the aid [19].
Learning new tasks requires increased attention until
users become more experienced. Walking with a
single-point cane has been found to increase cogni-
tive task demands in older adults experienced with
using a cane [20]. The effect on spatial-temporal gait
parameters while learning to use a single-point cane
in people with mild to moderate AD has not been
studied. The aim of this study was to evaluate in
cognitively-healthy older adults and people with mild
to moderate AD: 1) the changes in spatial-temporal
gait parameters of velocity and stride time variability,
and 2) the gait and cognitive task cost of newly learn-
ing to use a single-point cane during dual-task testing.
It was hypothesized that using a single-point cane
would result in gait instability, more pronounced with
complex walking paths and while multi-tasking in the
AD group than the cognitively healthy older adults.

METHODS

Participants

Study participants comprised two groups,
cognitively-healthy adults and adults diagnosed with
AD. Participants with AD were recruited from a local
day program, where referral is based on a confirmed
diagnosis of dementia by a geriatrician according to
the criteria of the National Institute of Neurologic
and Communicative Disorders and Stroke-AD
and Related Disorders Association (NINCDS-
ARDRA) [21]. The controls were recruited through
e-newsletters from a community fitness program.
This study was approved by the Health Sciences
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Ethics Review Board of the University of Western
Ontario. Cognitively normal participants provided
written informed consent, whereas participants
with AD either provided written informed consent
themselves or a substitute decision maker provided
this consent and the participant provided assent to
participate in the study. Data collection took place
between March 2017 and May 2018.

Inclusion criteria for the AD group were a diag-
nosis of mild to moderate AD (Mini-Mental State
Examination [22] between 11-20 indicated moder-
ate severity and scores between 21-24 indicated mild
severity of AD [23]), aged 50 years and older, able
to walk independently for 30 meters without the use
of a mobility aid or the assistance of another person.
Inclusion criteria for the controls were being aged 50
years and older, able to walk 30 meters unassisted
by a mobility aid or assistance of another person,
no subjective cognitive complaints, and a score on
the MMSE greater than 24. At the time of data col-
lection, participants did not rely on or need the use
of mobility aids for ambulation indoors or outdoors.
Exclusion criteria for both groups were an inability
to understand verbal instructions given in English,
any neurological disorder with motor deficits (e.g.,
Parkinson’s disease, stroke), or severe musculoskele-
tal disorders that impact walking.

Outcome measures

Participants in both groups completed the same
study procedures. Participants or the substitute deci-
sion maker provided socio-demographic and medical
information, including age, gender, years of formal
education, co-morbidities, prescription medications,
physical activity levels (assessed by self-report: vig-
orous, engages in structured exercise program for 30
minutes three times a week; moderate, engages in
physical activity at least three times a week; seden-
tary physical activity less than three times a week),
visual acuity and basic and instrumental activities of
daily living, as per the Lawton-Brody Instrumental
Activities of Daily Living (IADL) and Basic Activi-
ties of Daily Living (BADL) scales [24]. Participants
in both groups also completed the Iconographical-
Falls Efficacy Scale (ICON-FES), which has been
validated in older adults with and without cognitive
impairment [25, 26].

Single-task cognitive assessment

The cognitive task of serial subtractions by ones,
starting at 100, was performed by each participant
in a seated position prior to the gait tests. Time to

complete 10 subtractions was recorded to the nearest
100th of a second with a stop watch. The total number
of responses and number of correct responses given
were recorded.

Gait assessment

Gait performance was assessed using tri-axial
accelerometers (Locomotion Evaluation and Gait
System, LEGSys™, BioSensics, Cambridge, MA).
Two sensors were used, one worn on each of the
lower limbs in the frontal plane. Gait parameters
of interest were velocity and stride time variability
[27]. Variability was quantified using the coefficient
of variation, the ratio of the standard deviation of
the mean stride time to the mean stride time multi-
plied by 100%. All gait testing was performed at a
self-selected usual walking speed. Each participant
performed a practice trial of each walking task and
during testing the person completed two trials that
were averaged for analysis. Between trials partici-
pants had the ability to rest before proceeding to the
next trial/condition.

Gait was evaluated on two path configurations: a
straight path (SP) of 6 meters and the Figure of Eight
Walking Test (F8) [28] under three tasks for a total
of 6 test conditions: 1) single-task (ST) in which par-
ticipants only walked each path (SP_ST, F8_ST); 2)
dual-task (DT), in which participants walked each
path while using a single-point cane (SP_DT, F8_DT);
and 3) multi-task (MT), in which participants walked
each path while using a single-point cane and count-
ing backwards from 100 by 1s (SP_MT, F8_MT).
Number and accuracy of the responses on the sec-
ondary cognitive task were recorded during the
multi-task test conditions. There was no instruction to
prioritize the gait or cognitive task during multi-task
testing.

Participants were provided with a single-point
straight cane that was sized to each person by the
research assistant (i.e., height of the top of the cane
handle was adjusted to be level with wrist crease with
the arm hanging by the participant’s side when stand-
ing erect). The cane was to be used in the person’s
dominant hand and each person was given instruc-
tions on how to appropriately use the cane while
walking, repeating instructions as required for people
in both groups. Participants were allotted 5 minutes
to practice walking around the room with the gait
aid before gait testing commenced. Participants were
observed and provided feedback to ensure that the
equipment was being used correctly prior to starting
testing.
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Data analysis

The first objective was evaluated through a compar-
ison of the gait parameters of velocity and stride time
variability across walking conditions and between
groups using a 2-way repeated measures ANOVA,
adjusted for age. The factors were group (older adult
and AD) as the between groups variable, and walking
condition (the six test conditions) as the within-group
variable. Where appropriate for control of multi-
ple comparison bias, per-comparison was undertaken
using a Bonferroni correction. Cohen’s d effect size
(ES) was calculated to quantify the magnitude of the
difference between the two groups:

Mgroupl - MgroupZ

d=
SD pooled

Benchmark values for ES to estimate the magni-
tude of the effect and classified were: trivial (<0.20),
small (0.20 to <0.50), moderate (0.50 to <0.80), or
large (>0.80) [29].

To address the second objective, two new variables
were calculated to quantify the task cost for each
component of the combined activity, cognition and
gait, for the dual-task and multi-task test conditions.
Task cost for gait was calculated as the percentage
change in velocity for the single-task of walking to
the dual-task and multi-task conditions:

SPsy — DT or MT
SPst

x (100)(—1)

Task cost for cognitive performance was deter-
mined by first calculating the correct response rate
(CRR) for the single-task cognitive test and multi-
task tests as: (Response rate per second X percent
correct). CRR accounts for speed and accuracy of
responses given [30]. DTCcog was calculated as:

CRRserialsubtractionsseated — C R Rserialsubtractionswalking

CRRserialsubtractionsseated

x(100)(—1)

The interpretation of the task cost value is the
same for both gait and cognition. A negative value
indicates poorer performance under the dual-task or
multi-task conditions (e.g., slower velocity under the
dual-task condition). A positive value indicates better
performance under dual-task or multi-task conditions
(e.g., faster velocity or greater number of responses
or greater accuracy of responses). A comparison of
gait task cost for velocity between the groups using a

similar the ANOVA procedure described for the first
objective.

A performance-resource operating characteristic
(POC) graph was created by plotting cognitive task
cost (x-axis) versus gait task cost (y-axis) for the
multi-task test conditions to demonstrate the trade-off
between the gait and cognitive tasks [14]. Perfor-
mance will fall into one of four quadrants: 1) upper
left — improvement of gait with worsening of cogni-
tive task, 2) upper right — improvement of gait with
improvement of cognitive task, 3) lower left — wors-
ening of gait with worsening of cognitive task, and
4) lower right — worsening of gait with improvement
of cognitive task. Performance that falls on the axes
at 0% task cost for gait and cognition indicates no
change in performance between single- and dual-task
conditions [31]. A diagonal line cuts through quad-
rants 2 and 3, this line indicates a 1 : 1 trade-off during
dual-task performance; to the left of this line gait is
prioritized and the cognitive task is prioritized to the
right of the line [31].

Sample size calculation was based on our previous
research in people with dementia [19], and suggested
that a sample size of 25 participants is needed for a
power of 80% with a =0.05 to detecta 10% difference
in dual-task cost.

RESULTS

Twenty-five people with AD were enrolled in the
study, but three withdrew for health reasons before
data collection and five were unable to complete
the full gait testing protocol. Seventeen participants
with AD (age=82.1+5.6 years) and 25 controls
(age=70.8 = 14.1 years) who participated in the
study had full data. Participants with AD were older,
had less education, and had lower instrumental activ-
ities of daily living scores. As anticipated, individuals
with AD had lower scores on all cognitive measures.
Characteristics of the participants are presented in
Table 1.

Gait velocity results suggested a non-significant
interaction between group and test condition, but sta-
tistically significant main effects for group (p =0.001)
and test condition (p<0.001). This is presented
graphically in Fig. 1. (See Supplementary Table 1
and Table 2 for post hoc comparisons). Participants
with AD demonstrated significantly slower gait as
task complexity increased for all Figure of 8 test
conditions, but no difference between simple path
without and with the cane (p=0.068). Similarly,
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Table 1

S109

Demographic and clinical characteristics of the sample of cognitively healthy adults and adults with
mild to moderate Alzheimer’s disease

Variable

Controls Alzheimer’s p
(n=25) disease (n=17)

Age (y) 70.8+14.1 82.1£5.6 0.001
Sex (n, % female) 19 (76) 6 (35) 0.007
Body Mass Index (kg/m?) 26.8+6.8 26.1£5.2 0.732
Education (y) 16.4+3.8 12.0+3.7 0.003
Iconographical Falls Efficacy Scale 11.8+£3.2 14.8+4.9 0.036
Instrumental Activities of Daily Living 8.0+0.0 25+£19 <0.001
Basic Activities of Daily Living 6.0£0.0 58+04 0.083
High Contrast Acuity (Minimum angle of resolution) 0.14£0.12 0.24£0.26 0.163
Low Contrast Acuity (Minimum angle of resolution) 0.34£0.15 0.56 +£0.30 0.011
History of falls in past 12 months (n, %) 4 (16%) 3(17.6%) 0.973
Physical Activity (n, %): 0.094

Sedentary 2 (8.0%) 3 (17.6%)

Moderate 9 (36.0%) 9 (52.9%)

Vigorous 14 (56.0%) 5(29.4%)
Mini-Mental State Examination 29.0+1.9 19.6+54 <0.001
Number of Prescription Medications 2.40£2.21 5.47+3.13 0.001
Number of Comorbidities 1.96 £2.01 235+1.27 0.480
Summary of comorbidities (n, % yes)

Hypertension 8 (32.0%) 6 (42.9%) 0.824

Myocardial Infarction 1 (4.0%) 5 (29.4%) 0.021

Cataract 5(29.4%) 5 (20.0%) 0.482

Macular Degeneration 5(20.0%) 0 (0%) 0.049

Other 13 (76.5%) 16 (64.0%) 0.391

controls tended to show slower gait velocities as the
complexity of the walking task increased, but demon-
strated no statistically significant difference between
straight path multi-tasking and Figure of 8 single-
task (p=0.587). This is presented in Supplementary
Table 2. Gait velocity was significantly slower in the
AD group compared to the older adults for all test
conditions (p<0.001) and all between comparisons
had large effect sizes.

Stride time variability demonstrated a statisti-
cally significant interaction between group and test
(»<0.001) and the main effect of group (p =0.003)
(Fig. 2). The group of adults with AD had greater
stride time variability for straight path multi-tasking
(p=0.03) and for all of the Figure of 8 test condi-
tions: walking only (p=0.003), walking with cane
(p=0.004) and multi-tasking (p <0.001). Between
group comparison found a statistically difference
between people with AD and controls only in the test
condition of Figure of 8 multitasking (p <0.001).

The results of the analyses of gait task cost for
velocity are shown in Table 2. There were no other
statistically significant findings demonstrated for
gait task cost, specifically test condition (p =0.147),
group (p=0.587), interaction condition X group
(0.131). The gait velocity task costs for using a cane
only did not vary between the two groups walking

in a straight path (AD was —8.4 +10.9% and older
adults were —14.9 &= 15.9%) and walking in a Figure
of 8 (AD was —5.34+10.5% and older adults were
-8.2+£12.0%).

The cognitive task costs were significant for an
interaction between task and group (p=0.003), but
not for the main effects of test condition (p =0.867)
and group (p=0.292) (Table 2) Cognitive task costs
were stable for the controls, though values for the
people with AD decreased in the multitask sit-
uation. In terms of cognitive performance, both
groups were observed to have similar accuracy at
baseline (AD was 97.65 +0.06% and older adults
were 99.20 4+ 0.04%; p=0.603). However, and as
expected, accuracy of cognitive task responses dif-
fered when walking in a straight path (AD was
97.68 + 0.04% and older adults were 100.00 + .00%;
p=0.030) and Figure of 8 (AD was 88.01 £0.13%
and older adults were 94.36 +0.10%; p<0.001).
There were effects also with the response rate. At
baseline, people with AD had a lower response rate
at 0.90£0.42 words per second compared to the
controls at 1.54 4 0.43 words per second (p <0.001).
Response rate decreased in both groups during the
multitask walking conditions, performance was lower
in people with AD. Specifically in the straight
path multitask, the people with AD had 0.74 £0.24
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Gait Velocity (m/s, Mean + SD) Repeated Measures
ANOVA* (p)
SP_ST SP_ DT SP_MT F8 ST F8 DT F8 MT Condition: p=0.001
Controls 1.26(0.19) 1.06(0.25) 1.00(0.27)  0.90(0.15) 0.82(0.20)  0.78 (0.21) Group: p<0.001

Alzheimer’s disease  0.81 (0.17)  0.74 (0.18)  0.62 (0.20)  0.47(0.15)  0.44(0.16)  0.37(0.15)  Condition x Group: p=0.690

Post hoc pairwise- p<0.001 p<0.001 P=0.001 p<0.001 p<0.001 p<0.001

comparisons (p and d=2.57 d=1.62 d=1.56 d=2.79 d=2.19 d=2.33
Cohen’s deffect size)
Statistical significance for post hoc pairwise comparisons was p<0.008.
SP_ST, straight path walking; SP_DT, straight path walking with single-point cane; SP_MT, straight path walking with single-point cane while
counting backwards by ones; F8_ST, walking in a Figure of 8; F8-DT, walking in Figure of 8 with single-point cane; F8-MT, walking in Figure
of 8 with single-point cane while counting backwards by ones; 8, analysis adjusted for age; Cohen'’s d effect size values were classified as trivial
(<0.20), small (0.20 to <0.50), moderate (0.50 to <0.80), or large (>0.80).

Fig. 1. Gait velocity for adults and adults with mild to moderate Alzheimer’s disease while learning to use a single-point cane under straight

and Figure of 8 path configuration.

words per second and the controls had 0.97 +0.29
(»=0.042) and in the figure of 8 multitask the people
with AD had 0.65 &+ 0.44 words per second and the
controls had 1.00 +0.35 (p=0.021).

The POC graph (Fig. 3) demonstrated mutual inter-
ference for the gait and cognitive activities in the
straight path and Figure of 8 path, performance on
cognition and gait deteriorated in the multi-task test
condition for both groups. In the straight path multi-
task condition, 65% (11/17) of people with AD and
68% (17/25) of controls prioritized the gait task over
the cognitive performance. In the Figure of 8 pathway,
47% (8/17) and 68% (17/25) controls prioritized gait
over the cognitive task.

DISCUSSION

This study has demonstrated that cognitively
healthy adults and people with mild to moderate
AD learning to use a single-point cane experience
a decrease in their gait performance and an increase
in cognitive demands. People with AD walked slower
than the controls in all test conditions. The more
complex walking configuration of the Figure of 8
produced a greater degree of change in the gait than
the straight path. Task prioritization in the multi-task
scenarios demonstrated a mutual interference for gait

and cognitive tasks for both groups with a decrease
in gait and cognitive performance, but cognitive per-
formance had a statistically significant decrease for
the AD group in the most complex pathway. This is
the first study to evaluate changes in gait parameters
and cognitive cost in healthy older adults and adults
with AD learning to use a cane.

The literature supports how the use of a mobility
aid (e.g., a cane or walker) for people displaying bal-
ance and gait problems can facilitate independent and
safe ambulation, and activities of daily living [17].
Hardi et al. [18] demonstrated older adults who are
experienced users of a single-point cane had better
walking performance when using their cane com-
pared to unassisted walking. In contrast, our study
demonstrated that learning to use a cane resulted in
a deterioration in gait velocity, which was greater in
adults with mild to moderate AD in multi-tasking in
a straight path and in all complex path testing. The
effect of a training program to use a single-point cane
is warranted to establish whether a change in motor
activity with practice can be achieved.

We have also demonstrated that cognitive demands
increase with learning to use a cane, consistent with
competition for available attentional resources for
neuromotor control while performing a novel motor
activity [14]. The use of a cane has unique demands
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Gait Stride Time Variability (%, Mean = SD) 2-way Repeated Measures
ANOVA* (p)
SP_ST SP_DT SP_MT F8 DT F8 MT Condition: p=0.259
Controls 4.13(1.51) 5.01(3.10) 6.50(8.78) 4.62(2.21) 5.83(3.57) 6.42 (7.13) Group: p=0.003

Alzheimer’s disease  4.68 (1.90)  4.80 (2.38) 7.07(5.45) 8.25(4.54) 7.43(6.63) 30.24(26.30) _Condition x Group: p<0.001

Post hoc pairwise- p=0.390 p=0.691 p=0.667
comparisons (p and d=0.32 d=0.08 d=0.08
Cohen’s deffect size)

p=0.461 p<0.001
d=031 d=1.42

Statistical significance for post hoc pairwise comparisons was p<0.008.

SP_ST, straight path walking; SP_DT, straight path walking with single-point care; SP_MT, straight path walking with single-point cane while
counting backwards by ones; F8_ST, walking in a Figure of 8; F§-DT, walking in Figure of 8 with single-point cane; F8-MT, walking in
Figure of 8 with single-point cane while counting backwards by ones; *, analysis adjusted for age; Cohen’s d effect size values were classified
as trivial (<0.20), small (0.20 to <0.50), moderate (0.50 to <0.80), or large (>0.80).

Fig. 2. Stride time variability for older adults and adults with mild to moderate Alzheimer’s disease while learning to use a single-point cane

under straight and Figure of 8 path configuration.

that can challenge cognitive function due to the
asymmetric use of one aid that requires the per-
son to coordinate the motor sequencing of the cane
and the opposite leg movement, advancing the cane
appropriately without contact with the ipsilateral leg
or obstacles in the environment, appropriate place-
ment of the cane for support and ensuring ongoing
forward movement of the body [17].

Additionally, we were able to demonstrate that the
majority of people in both groups self-selected to pri-

Table 2

oritize the gait task over the cognitive task, a posture
first strategy [8]. Yet, more participants with AD pri-
oritized the cognitive task over the mobility task in
both path configurations demonstrating a posture sec-
ond strategy that may also lead to instability and falls
[8]. The cognitive task performance was impacted
by both changes in accuracy of responses and the
response rate, the people with AD having greater
decrements in both areas than the controls. The use
of a summary value for cognitive performance does

Task costs for gait and cognition for cognitively healthy older adults and adults with Alzheimer’s disease while walking with a cane and
walking with a cane while counting backwards by ones

Mean + SD 2-way Repeated Measures
SP.DT SP_MT F8_DT F8_MT ANOVA* (p)
A. Task cost for gait (%)
Alzheimer’s disease -8.4 (10.9) -24.6 (13.5) -5.3 (10.5) -21.4(20.9) Condition: p=0.147
Group: p=0.587
Controls —-14.9 (15.9) -22.7(17.4) -8.2 (12.0) -13.4 (13.1) Condition x Group: p=0.131
B. Task cost for cognition (%)
Alzheimer’s disease -9.6 (30.8) -35.7 (28.0) Condition: p=0.867
Group: p=0.292
Controls -33.2(23.6) -33.0(23.5) Condition x Group: p=0.003

SP_DT, straight path and walking with cane; SP_MT, straight path and walking with a cane while counting backwards by ones; F8_DT, figure
of 8 path and walking with a cane; F§_MT, figure of 8 path and walking with a cane while counting backwards by ones; *, analysis adjusted

for age.
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Fig. 3. Performance-resource operating characteristic graph for demonstration of between task trade-offs of gait and cognitive tasks during
multi-task gait testing (walking while using a cane and counting backwards by ones) in cognitively healthy older adults (o) and people with

mild to moderate Alzheimer’s disease (e).

not allow for transparency of how the components
of the performance of the task were impacted and
therefore the explicit reporting of both accuracy and
response rate in very important information. Mobil-
ity aids can be associated with an increased fall risk,
especially in people with dementia [1]. Control of
postural stability and the normal regulation of gait
requires ongoing cognitive processing [8, 32]. The
prescription of mobility aids for people with demen-
tia may occur at a point in the disease when available
cognitive resources are limited. As a consequence,
contrary to the intended benefits, people with demen-

tia may experience instability, falls, and fractures
while using a mobility aid. As such, there may be
a need for clinicians who are considering use of a
cane for people with AD to evaluate the effect on
stability by trialing use before prescribing the gait
aid. It may be that use of a cane will be benefi-
cial for some people with AD and be detrimental for
others.

The underlying mechanisms for an increased falls
risk in adults with dementia are not well understood,
though it is known that mobility aids are associ-
ated with an increased risk [1]. The present changes
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found in gait contribute to our understanding of pos-
sible factors underlying the increased risk. More
research is required to explore issues related to the
uptake and safe use of mobility aids that may be
impacted by cognitive impairment through a lack
of self-awareness or incomplete learning to use the
equipment. The unsafe use of canes is a common
finding in cognitively healthy community-dwelling
older adults and includes lack of training from a
health care professional to use the equipment, incor-
rect sizing, inability to maintain the proper reciprocal
gait pattern, and inappropriate posture [33]. Cere-
bral amyloid-beta has been found to impair motor
sequencing in dual-task gait testing in older adults
[34], so the use of tests to evaluate motor sequenc-
ing ability may be a valuable screen for rehabilitation
professionals to use in assessment and training for use
of mobility aids. There is more work required before
this work can be transferred into clinical practice
for assessment and training purposes for everyday
use and its potential implications to falls prevention
strategies.

This study has several limitations that should be
considered in the interpretation of the findings. We
had a priori planned to recruit 25 people with AD,
but unfortunately 32% of the people enrolled in the
study had to withdraw or were unable to complete
the full gait testing protocol. A post hoc sample size
calculation established we had the power to be able
to detect a 15% difference in task cost, as we did
observe statistically significant differences between
groups these values likely represent a conservative
estimate of effect. The sample may have lacked the
power to be able to find other differences in the tem-
poral and spatial gait parameters. Our sample is not
generalizable to all people with AD due to variations
that are expected in cognition based on disease sever-
ity and our participants with AD were all recruited
from a specialty day hospital program for people with
dementia. In addition, there were demographic dif-
ferences between the AD and control group noted,
thus findings may not solely be attributable to cog-
nitive status alone. Also, this study only evaluated
single-point canes and there are other types of canes
(e.g., four-point canes) that may lead to different
changes in gait. There are several strengths we would
like to highlight including the assessment of spatial-
temporal gait parameters in people who do not use
and are not in need of a mobility aid that allowed the
evaluation of new learning effects. We also assessed
task costs related to both gait and cognition, the eval-
uation of both allows for determination of intrinsic

task prioritization for the individual and use of a pos-
ture first or posture second strategy in challenging
situations.

Conclusions

Learning to walk using a single-point cane is a cog-
nitively demanding task for cognitively healthy older
adults and adults with mild to moderate dementia,
though the magnitude of effect is greater for peo-
ple with AD. Individuals with AD had statistically
significant increases in gait variability in more com-
plex paths needing to maneuver around obstacles
and when multitasking walking in a straight line.
Multi-tasking, walking with a cane and counting by
ones, confers a greater cognitive demand and greater
deterioration on gait quality, and reflects real world
tasks for people using a cane. More research is needed
to evaluate the effect of a training program on these
effects to determine capacity and timing for improve-
ments to occur with practice of the activity.
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