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ABSTRACT: A problem dealing with dual task is commonly found in persons post-stroke but it is unclear whether
age and educational levels influence this performance. The timed up-and-go test with cognitive task (TUG-dual) is
recommended for assessing such problem but focusing only on total TUG time may mask the extent of cognitive tasks
affecting each TUG component. This study investigates the effect of age and educational level on dual task performance
during each component of TUG in patients with stroke. This cross-sectional study evaluated 25 patients with stroke and
25 healthy persons when performing 7 m TUG with and without counting backward by three. Total time to perform
TUG, movement parameters, and rates of counting correct answers were measured. Four components of 7 m TUG
(sit-to-stand, walk, turn, and turn-to-sit) were classified using portable accelerometers. The duration of TUG-dual
increased in both groups but the amount of increase was larger in patients (p < 0.001). The rate of counting correct
answer was affected by age (p = 0.004), but not educational levels (p = 0.267). In patients, the decreased rate of
counting was found across all age ranges (35–54, 55–64, and 65–78 years), but in healthy persons, it was found only
in the oldest age range. Cognitive tasks led to longer time during walk, turn, and turn to sit in patients. Changes in
movement parameters including decreased peak angular velocity during turn and turn-to-sit, decreased stride length,
stride velocity, and increased single leg stance time during walking suggested adaptation patterns in patients with
stroke.
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INTRODUCTION

Everyday activities contain simultaneous perfor-
mance of motor and cognitive tasks such as talking
while walking. Patients who have had a stroke
have problems dealing with cognitive-motor dual
tasking. Reduction in motor performance during
walking, including decreased walking speed1, in-
creased stride length and stride time2, increased
double limb support duration3, and stop walking4

is evident when patients are challenged by cognitive
tasks during walking. The effect of cognitive task
on gait performance is more pronounced during
the more attention demanding task, as shown by
decreased gait speed, decreased stride time before
turning and increased time to turn5 as well as
decreased number of correct cognitive response6.
Age7and education level8 are the important factors
for determining cognitive function. However, the

effect of adding cognitive task on gait performance
in persons with stroke who have different ages
and level of educational attainment have not been
revealed.

The timed up-and-go (TUG) test is the clini-
cal test recommended for measuring basic mobility
skills9, especially walk to turn, in patients with
stroke10. Cognitive task such as number subtrac-
tion has been introduced during the TUG to assess
the cognitive-motor interference. The TUG test
begins with rising from a chair, walking for 3 m at
a comfortable pace, turning, walking back to the
starting point and sitting down on the chair. This
test is quantified by timing the duration from the
start command until the buttocks touch the chair9.
However, the total time for completing a TUG test
appears to be an inadequate measurement of fall
risk10 and fails to detect change after three months
post-stroke11. Focusing only on total time prevents
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a specific impairment to be determined within the
TUG test. Prolonged TUG time after stroke may
be due to deficits at any event of movement that
requires balance control, such as during postural
transition12 and turning13. In training of a serial
complex task, the trainer may need to break a com-
plex task into several subcomponent and train each
component separately before training the whole
task14. Breaking a task into subcomponent may
help facilitate motor learning in persons with stroke
who have impairment at the central nervous system
level. Hence information regarding the movement
parameters in each component of the TUG such as
stride time, stride length during straight walking
component, peak angular velocity of trunk move-
ment during turning component will be useful for
training those with stroke in clinic.

Performance on the components of the TUG can
be investigated using various equipment such as a
multimemory stopwatch and inertial sensor-based
assessment of movements. Wall et al has developed
the Expanded Timed Get Up and Go test which uses
the longer walkway (10 m) to allow more accuracy
in assessing the walking component in TUG15. More
recently (2010), Salarian et al demonstrated that 7-
m walkway was reliable and valid for assessment
of TUG using inertial sensors as it could provide
enough steps for analysis of movement parameters,
such as stride length and stride time in patient with
Parkinson’s disease16.With similar instrument, we
therefore employed the 7-m walking distance in
the present study aiming to investigate the effects
of adding cognitive tasks to component of 7 m
TUG in patients with stroke compared to healthy
persons. We hypothesized that the effect of adding
cognitive tasks on TUG performance would be dif-
ferent among stroke patients with different ages
and educational attainment and adding cognitive
task on TUG would affect components of 7 m TUG
unequally based on the attention requirement of
each TUG component.

MATERIALS AND METHODS

Setting

This cross-sectional study was carried out in patients
with subacute stroke and healthy persons at Prasart
Neurological Institute (PNI), Bangkok, Thailand.
Data were collected at the rehabilitation unit of
PNI and analysed at Faculty of Physical Therapy,
Srinakharinwirot University and Faculty of Science,
Mahidol University, Thailand.

Participants

Patients with a medical diagnosis of stroke (code
I60–I62: non-traumatic intracranial haemorrhage
and I63: cerebral infarctions) were invited to partic-
ipate in the study. Those included in the study were
between 38 and 78 years old with stroke and able to
walk independently for 14 m without using a walk-
ing aid. Patients were excluded from the study if
they had heart diseases; multiple brain lesions; cere-
bral aneurysm, brainstem or cerebellar lesions; neu-
rological or musculoskeletal disorders other than
stroke that was sufficient to disturb balance; and
comprehension problems, defined as having a Mini-
Mental State Examination (MMSE) Thai version
score of less than 2417. Healthy participants, age-
and height-matched, were recruited from volunteers
who lived or worked close to PNI. Sample size was
calculated using our pilot data based on duration of
turning component of the TUG and the TUG with
cognitive task as it is related to turning capacity fol-
lowing stroke. Fifty participants, 25 in each group,
were obtained to yield the power of 0.95 at p< 0.05.
The actual number of the recruited participant was
equal to the calculated sample size. All participants
were provided informed consent approved by the
Institutional Review Board of PNI.

Tasks and procedure

Baseline information including age, height, weight,
and educational level was collected in all partici-
pants using the questionnaire. Motor and balance
performance of participants with stroke were de-
termined using the Fugl-Meyer Assessment motor
subscale (FM-motor)18 and the Berg Balance Scale
(BBS)19. The FM-motor includes examination of
upper (FM-UE) and lower extremities (FM-LE) func-
tion with a maximum score of 66 and 34 for the FM-
UE and the FM-LE, respectively18. The BBS contains
14 items of functional balance task. Its total score
of 56 can be rated on a 4-point ordinal scale.

The performance of three main tasks, cognitive
task when seated (cognitive-single), timed up-and-
go (TUG) with and without cognitive task were ex-
amined in all participants. Each participant started
with cognitive-single to ensure that he/she can
perform the cognitive task correctly, followed by a
random order of either 7 m TUG without cognitive
task (7 m TUG-single) or with cognitive task (7 m
TUG-dual). Each subject was required to perform
each task only once during data collection with
five minutes of resting between the tasks. Trials
were video-audio recorded for further analysis of
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cognitive performance. The cognitive task chosen
in this study was counting numbers backwards by
three, starting with a number randomized from 100
to 70, in order to reduce the learning effect5. Prior
to data collection, all tasks were demonstrated and
practised until the participants became familiar with
the tasks.

During the cognitive-single, participants
counted numbers backwards by three for 30 s when
sitting on a chair with their back supported. For
7 m TUG-single, participants performed series of
activities in 7 m TUG, including standing from a
chair, straight walking for 7 m, turning, walking
back and turning to sit on the chair. Participants
started the performance after a ‘go’ command. They
were instructed to stand up without using hand
support and walk barefoot at a comfortable pace.
The total duration of 7 m TUG was calculated when
participants moved their back away from the chair
until they sat down and their back touched the
chair again. During the 7 m TUG-dual, participants
were asked to count numbers backward by three
for 5 s before starting the 7 m TUG task at the
go command. They were then instructed to
perform the 7 m TUG task simultaneously with
the counting task until the 7 m TUG task was
completed, without prioritizing one over the other.
Hence the time for performing cognitive task varied
between participants depending on the time used
to complete the 7 m TUG task dual task. To ensure
that varying time for counting did not affect our
main result, 10 participants (2 patients with stroke
and 7 healthy persons) were assessed in the pilot
study. In the pilot study, each participant was
asked to count backward in sitting position six
times. Each time the duration was varied from
15, 30, 45, 50, 75, 90 s (the longest possible
duration for walking in persons with stroke) and
the sequence of counting was randomly assigned.
No relationship (r = −0.178, p = 0.175) between
counting duration and number of correct answers
when counting was observed.

Data collection and analysis

The instrumented timed-up and go (iTUG), APDM
Mobility Lab system (APDM, Inc., Portland, USA),
a set of portable inertial sensors and software were
used to classify the components of 7 m TUG. The
iTUG is reliable and valid to measure TUG per-
formance in several group of patients with neuro-
logical diseases16, 20. The iTUG has excellent test-
retest reliability (intraclass correlation coefficients
range 0.43–0.99) and duration components of the
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Fig. 1 Raw signals derived from inertial sensor on the
trunk. Peak angular velocity of trunk movement corre-
sponds to postural transition determines components of
the 7 m TUG task in rad/s. (a) The first peak on pitch
angular velocity signal corresponds to sit-to-stand (STS).
(b) Yaw angular velocity signal, the first peak corresponds
to the 180° turn (turn) and the second peak corresponds
to the turn-to-sit transition (TTS). The positive value of
pitch and yaw signals represents trunk forward movement
in sagittal plane and trunk rotation to the right-hand side
of the participant, respectively.

TUG were valid to differentiate performance be-
tween patients with stroke and healthy persons20.
Six portable 3 dimensional inertial sensors were
placed at mid-thoracic, 5th lumbar vertebra, bi-
lateral wrists and ankles21 A gyroscope (±400°/s
range) and accelerometer (±5g range) captured
angular velocity and acceleration at the sampling
rate of 200 Hz22. An example of 7 m TUG com-
ponent identification is shown in Fig. 1. Four com-
ponents of 7 m TUG, including sit-to-stand (STS),
total walk (walk1+walk2), 180° turn (turn) and
turn-to-sit (TTS) were identified by trunk velocity
and acceleration using APDM iTUG software. The
duration of each 7 m TUG component and move-
ment parameters including peak angular velocity of
trunk movement during each component, and stride
length, stride velocity, and single leg stance time
(SLS) during walk and step time and number of
step during turn were also calculated by APDM iTUG
software16. To determine cognitive performance,
the rate of counting correct answers (number of
correct answer(s)) was analysed by dividing the
number of correct answers by 30 s during sitting
or dividing the number of correct answers by total
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7 m TUG duration of the same trial during walking.
The numbers of participants who stopped counting
during each 7 m TUG component and number of
correct answers were determined from the recorded
video by two raters. Prior to data collection, raters
have been trained to use the equipment reliably and
accurately.

An independent t-test was used for compar-
ing age, height, and weight between patients and
healthy persons. Two-way ANOVA was used to
examine the effect of task (single and dual tasks)
and group (patients with stroke and healthy per-
sons) on total duration of the TUG, duration and
movement parameters of each component of the
7 m TUG. The comparison of spatiotemporal pa-
rameters between groups was matched for patient’s
affected leg versus healthy person’s non-dominant
leg, and patient’s unaffected leg versus healthy per-
son’s dominant leg. Statistical significances were set
at p < 0.05. Age was classified into 3 categories;
35–54, 55–64, and 65–78 years according to age-
specific incidence rates for first-ever stroke23 and
the levels of educational attainment (degree, high
school, and elementary) were classified according to
classification of education in Thailand. The effect of
age and educational on the rate of counting correct
answer during total 7 m TUG were analysed using
MANOVA. Tukey post hoc tests were used to identify
differences among the three age ranges. Significant
group and interaction effects were set at p < 0.05.

RESULTS

Participants

Table 1 shows the demographics and clinical charac-
teristics of participants; 25 patients post-stroke and
25 age- and height-matched healthy persons. The
average age, height, weight, and score of MMSE in
patients and healthy participants were not statisti-
cally significant difference (Table 1).

Total 7 m TUG duration and rate of counting
correct answer

During 7 m TUG-single, mean total duration was
45±14 s in patients and 20.4±4.2 s in healthy
persons; while, during 7 m TUG-dual, mean total
duration was 61±20 s in patients and 26.8±6.7 s
in healthy persons (Fig. 2). Patients showed sig-
nificant longer total duration than healthy persons
during both 7 m TUG-single and 7 m TUG-dual
(F(1,8) = 47.05, p< 0.001). In addition, both groups
of subjects showed increased total duration under
7 m TUG-dual when compared to 7 m TUG-single

Table 1 Demographic and clinical characteristics of
participants†.

Variable Stroke (n=25) Healthy (n=25)

Mean±SD Range Mean±SD Range

Height (cm) 164±11 145–189 164±9 150–180
Weight (kg) 65±11 45–85 67±10 52–90
MMSE (/30) 29.5±1.3 26–30 29.0±1.5 27–30
Gender M = 14 F = 11 M = 14 F = 11
Age (y) 57±12 27–78 55±12 26–76
Age 35–54 (y) 45.8±5.6 (11) 45.9±5.2 (11)
Age 55–64 (y) 59.1±2.8 (8) 60.6±2.4 (8)
Age 65–78 (y) 69.5±3.7 (6) 70.2±5.8 (6)
Education
- Elementary 2 5
- High School 14 12
- Degree 9 8
Ischemic type 22 –
Hemorrhage type 3 –
Hemiplegic side R = 12 L = 13 –
TSS (day) 23±35 2–120 –
FM-motor (/100) 75±21 28–98 –
FM-UE (/66) 47±19 9–65 –
FM-LE (/54) 28±4 19–33 –
BBS (/56) 40±15 8–55 –

† MMSE=Mini-mental state examination; TSS=Time
since stroke, FM-motor=Fugl-Meyer assessment mo-
tor subscale; FM-UE=FM-motor assessment of the
upper extremity; FM-LE=FM-motor assessment of the
lower extremity; BBS=Berg balance scale. The com-
parison of age, height, and weight between patients
and healthy persons was done using an independent
t-test.

Fig. 2 Total duration of the modified version of expended
timed get up and go test (7 m TUG). Mean total duration
(±SD) of the 7 m TUG without (7 m TUG-single) and
with cognitive task (7 m TUG-dual) in (a) patients with
stroke and (b) healthy persons. * Significant difference
between 7 m TUG-single and 7 m TUG-dual; † significant
task-group interaction.

(F(1,8) = 22.85, p = 0.001), but the effect of adding
cognitive tasks on total 7 m TUG duration was more
pronounced in patients than in healthy persons, as
shown by significant task-group interaction (F(1,8) =
1.37, p = 0.045).

During cognitive-single, the rate of counting
correct answers between patients (0.31±0.08 num-
ber/s) and healthy persons (0.33±0.11 number/s)
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Fig. 3 Rate of counting correct answer. (a) Effect of
task and group, mean (±SD) rate of counting correct
answer during cognitive-single and 7 m TUG-dual (tasks)
in patients with stroke and healthy persons (groups).
(b) Effect of age, mean (±SD) rate of counting correct
answer reported in different age ranges (35–54, 55–64,
and 65–78 years). * Significant difference between tasks;
† significant age-group interaction.

was not significantly different (F(1,8) = 0.16, p =
0.690). The rate of counting correct answer reduced
in both groups (Fig. 3a) at the similar rate during
7 m TUG-dual, as shown by no significant task-
group interaction (F(1,8) = 8.04, p = 0.026). How-
ever, some patients stopped counting during 7 m
TUG-dual, specifically during walking (2 patients),
turning and turning to sit (8 patients).

The effect of age and educational attainmen

Ages of participants did not significantly affect 7 m
TUG duration (F(2,8) = 2.32, p = 0.107) but signif-
icantly affected the rate of counting correct answer
(F(2,8) = 6.96, p = 0.004); however, educational at-
tainment levels of participants did not significantly
affect the rate of counting correct answer (F(2,8) =
1.52, p = 0.107). During 7 m TUG-single and 7 m
TUG-dual, older patients and healthy persons (age
range, 65–78 years) showed slower rate of counting
correct answer than younger persons (age range,
36–44 years) (post hoc ANOVA; p :0.001). During
7 m TUG-single, in patient group, the decreased
rate of counting correct answer was found across
all age ranges (35–54, 55–64, and 65–78 years),
but in healthy group, the change was found only
in the oldest age range 65–78 years (Fig. 3b). The
effect of age was more pronounced in patients than

Fig. 4 Mean duration of TUG components during 7 m
TUG-single and 7 m TUG-dual in patients with stroke and
healthy persons. * Significant difference between TUG-
single and TUG-dual; † significant task-group interaction;
STS =sit-to-stand, walk = total walk, turn = 180° turn,
and TTS=turn-to-sit.

in healthy persons, as shown by significant age-
group interaction on rate of counting correct answer
(F(5,8) = 6.98, p = 0.009).

7 m TUG components analysis

Analysis of 7 m TUG components revealed that
patients had a significantly longer duration of
all components; STS, walk, turn and TTS, than
healthy persons (Fig. 4) (F(1,96) = 78.40–113.09,
p < 0.001). During 7 m TUG-dual, both groups
demonstrated longer duration in all 7 m TUG com-
ponents (F(1,96) = 1.96–22.88, p < 0.001), except
STS (F(1,96) = 1.73, p = 0.190) (Fig. 4). However,
the increase in duration of walk component of the
7 m TUG was more pronounced in patients than in
healthy persons, as shown by significant interaction
effect (Fig. 4). (F(1,84) = 4.07, p = 0.004).

The effect of adding cognitive task on move-
ment parameters within each the component of the
TUG was evident in both persons with stroke and
healthy groups but the larger effects were found in
patients with stroke (Fig. 5 and Fig. 6). The effect
of adding cognitive task on peak angular velocity
of trunk movement was found only during turn
and TTS in both groups, where patients demon-
strated much lower peak angular velocity of trunk
movement than healthy persons (Fig. 5). For the
analysis of walk components of the TUG (Fig. 6),
patients demonstrated lower stride length, lower
stride velocity and shorter single leg stance time
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Fig. 5 Mean and SD of peak angular velocity of trunk
movement under 7 m TUG-single and 7 m TUG-dual.
STS =sit-to-stand component, walk.sag = walk com-
ponent (sagittal plane), walk.hor = walk component
(horizontal plane), turn = 180° turn component, and
TTS =turn-to-sit component. * significant difference be-
tween TUG-single and TUG-dual; ** significant difference
between groups; † significant task-group interaction.

than the healthy persons. Adding cognitive task led
to significantly lower stride length of the unaffected
limb (Fig. 6a), significant decreased stride velocity
of both affected and unaffected limbs (Fig. 6b),
decreased single leg stance duration of affected leg
and increased single leg stance duration of unaf-
fected leg (Fig. 6c). Healthy persons were also
more affected by TUG-dual with fewer changes (i.e.,
decreased stride velocity of both legs) than patients
(Fig. 6b).

During TUG-single, the average number of step
during turn was 6.88 steps with an average step
time of 0.78 s/step in patients and 5.52 steps
with 0.59 s/step in healthy persons. Under TUG-
dual, the average number of steps during turn was
7.20 steps with 0.88 s/step in patients and 5.65
steps with 0.69 s/step in healthy persons. Pa-
tients demonstrated significant higher number of
steps (F(1,48) = 9.82, p < 0.01) and longer step
time (F(1,48) = 27.28, p < 0.01) when compared to
healthy persons during TUG-single and TUG-dual.
Cognitive dual task affected both groups, as can be
seen by significantly longer step time during turn
(F(1,48) = 19.96, p < 0.01), while number of steps
remained unchanged (F(1,48) = 0.80, p = 0.37).

Fig. 6 Mean and SD of spatiotemporal parameters during
walk component; (a) stride length, (b) stride velocity and
(c) single leg stance duration under TUG-single and TUG-
dual in patients with stroke and healthy persons. The
left panel shows comparison between patients’ unaffected
leg and healthy’s dominant leg and the right panel shows
comparison between patients’ affected leg and healthy’s
non-dominant leg. * Significant difference between TUG-
single and TUG-dual; ** significant difference between
patients and healthy persons; † significant task-group
interaction.

DISCUSSION

This study aimed to clarify the effect of cognitive
dual task on the components of 7 m timed up-and-go
Test in patients with stroke. Results supported the
hypothesis that there is a relationship between the
degree of cognitive interference and components of
TUG. The finding that patients with stroke and
healthy persons increased time to complete 7 m
TUG-dual as compared to 7 m TUG-single was in
line with the previous literature, where elderly per-
sons24 and individuals with stroke6 took longer to
complete the cognitive TUG test as well as decrease
rate of counting correct answer. A decline in perfor-
mance of either cognitive or motor tasks, or both,
under dual-task conditions has been described as
cognitive-motor interference (CMI)25. The interfer-
ence between central processing for cognitive and
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motor task occurs when tasks that share a common
processing are concurrently performed. The amount
of interference is related to the attention require-
ment of tasks, such that attention requirement that
exceeds the limited central processing resources
results in declined performance in either or both
tasks, as compared to the performance of each task
separately26.

Patterns of CMI are classified into 9 cate-
gories; no change in task performance (no in-
terference), decreased motor performance only
(cognitive-related motor interference), stable mo-
tor performance with decreased cognitive perfor-
mance (motor-related cognitive interference), de-
clined performance of both motor and cognitive
tasks relative to each other (mutual interference),
increased performance of motor (motor facilitation)
or cognitive performance (cognitive facilitation),
increased performance of one task with declined
performance of the other task (cognitive-priority
trade-off or motor-priority trade-off), and increased
performance of both tasks (mutual facilitation)25.
In our study, two CMI patterns were found in healthy
group. Healthy young persons demonstrated de-
creased 7 m TUG performance without a signifi-
cant change in cognitive performance, suggesting
cognitive-related motor interference. In contrast,
healthy older adults showed decreased in both TUG
and cognitive performances. This is classified as mu-
tual interference pattern. A possible reason for CMI
difference between young and older healthy persons
is due to age-related working memory effectiveness.
Counting backward task used in the present study is
a type of working memory task that requires central
processing to continue subtracting number.

Our finding of decreased performance of work-
ing memory task in healthy older persons corre-
sponds with previous reported age-related percent
of correct subtraction27. Age-related decreasing in
performance of working memory task may be from
reduced cognitive resources available for process-
ing28 and slowing of computational processes29.
In addition, it has been shown that the ability to
control balance reduced with age, thus attention
requirement for maintaining balance is higher for
older adults than younger subjects26. When per-
forming multiple tasks simultaneously, the older
adult may not have the capacity to perform both
tasks, resulting in deterioration of both tasks26.
A possible reason for no effect of education on
cognitive task is that the counting backward task
is a simple math task for all levels of educational
attainments of our participants.

A decrease of both 7 m TUG and cognitive
performance in patients with stroke, although with a
larger deterioration than healthy, indicated mutual
interference. Result on mutual interference during
7 m TUG-dual in patients with stroke corresponded
with previous studies that measured performance
when standing30 or walking31. Cognitive impair-
ment might not be a reason for such decreased
cognitive performance in patients as they had nor-
mal cognitive levels and their MMSE scores were
not different from those of healthy persons under
cognitive-single. The possible reason for mutual
interference in the patients may be due to limited
postural reserve which could lead to high attention
requirements for performing postural transition ac-
tivities32. In the present study, patients with stroke
had lower mobility and balance performance than
healthy persons, thus low motor and balance capa-
bility could lead to higher attention requirement for
controlling postural stability during 7 m TUG-dual.
As a result, attention requirements may exceed ca-
pacity limits, leading to a larger decrease in both
cognitive and motor performance in patients.

Our results also demonstrated that patients
spent longer time during the walk, turn and TTS,
but not the STS component. Some of patients stop
counting during walk, turn, and TTS, but not STS
and walk. In addition, only the increase in duration
of walk component was more pronounced in pa-
tients than healthy persons. These results indicated
that attention allocation for each TUG component
was not equal; the largest attention demand oc-
curred during walking, and the lowest was seen
during STS. This finding could be partly explained
by the requirement of large attention demand for
persons with stroke to control lower extremity dur-
ing walk. In the present study, all patients could
walk without using gait aid; however, they still
had some degree of lower extremity motor impair-
ment (mean score of FM-LE = 28/54) and bal-
ance impairment (mean score of BBS = 40.35/56).
These impairments may cause higher requirement
for cortical control of walking33. Turning requires
the coordination of eyes, head, limbs and trunk to
provide anticipatory adjustments before changing
the CoM position during sitting down34. However,
short period of this activity may lead to less attention
demand for carrying out dual-task compared to a
long distance of walking component of 7 m TUG
task. In contrast, sit to stand involves the control
of trunk and limb movements to generate forward
and upwards momentum of the CoM35; thus it may
require less cortical control.
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Changes in movement parameters suggested a
compensatory strategy to maintain gait and bal-
ance when the attention was allocated for both
cognitive task and TUG task. The decreased peak
angular velocity of trunk movement during turn
and TTS indicated the modulation of trunk rota-
tion and step time during these TUG components
when participants were distracted with cognitive
tasks. Although both healthy older persons and
patients showed decreased trunk turning velocity,
the amount of decrease was larger in the patients.
These characteristics were reported as turning dif-
ficulty in patients with chronic stroke5, 34. On the
other hand, this strategy may be accounted for by
a cautious strategy or turning with safety36. We
also observed the compensatory strategy during
walk component of TUG-dual, but those strategies
were not the same between healthy persons and
patients. Healthy older persons adjusted speed of
walking by decreasing stride velocity, leading to
longer duration of walk component in TUG-dual.
These findings were in line with a previous study re-
porting similar characteristics of gait modulation in
elderly individuals who were challenged with dual
tasks during walking37. In contrast, during TUG-
dual, patients with stroke decreased stride velocity
as well as demonstrated excessive asymmetrical gait
pattern, as shown by decreased single leg stance
time of affected leg and increased single leg stance
time of unaffected leg. This compensation reflected
inability to maintain stability of the moving CoM
over the effected stance leg in patients with stroke
when challenging with dual task38, which could
explain the need to decrease stride velocity and
stride length in order to gain stability during walk
component of TUG-dual.

Findings of this study were based on the use of
the 7 m TUG where the walkway was 7 m instead
of 3 m, thus the results from this study may differ
when the original TUG test was used. The cognitive
task examined in this study is the arithmetic task
of counting backward by three. It is not known
whether other types of cognitive task would affect
TUG components in a similar way as the arithmetic
task does. This question could be explored further
in the future study. In addition, our study was
carried out in high functioning persons with stroke
who could walk without using a walking aid. The
clinician should apply these findings specifically in
patients with high mobility function.

Information from this study provides clinical
implications for stoke rehabilitation. Although mu-
tual interference during dual task walking found in

both patients and healthy persons, the deterioration
in walking performance was more pronounced in
patients. Due to mutual interference pattern, train-
ing both motor and cognitive performances under
dual tasking activity should be routinely practised
in patients with stroke, even in those who can walk
without using assistive devices. Performance assess-
ment and training during dual task should focus
on both walking and cognitive task. However, the
training could be simplified for the beginners, for
example, using treadmill during dual task training
for improving automatic of walking (less attention
requirement) and gaining community walking abil-
ity in patients with stroke.

In conclusion, the present study demonstrated
that the effect of adding cognitive task of counting
backward on TUG performance was varied among
stroke patients with different age ranges, but not
with different levels of educational attainment. The
cognitive task affected components of TUG dif-
ferently, depending on the cognitive requirement
of the task in that component. Declining motor
performance during TUG-dual, and the changes of
acceleration-based movement parameters especially
during walk, turn and TTS components found in
patients with stroke, may help guide assessment and
interventions directly towards components of the
TUG that are more problematic.
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