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Abstract. [Purpose] The purpose of this study was to investigate the effect of motor dual task training on gait
ability of post-stroke patients. [Subjects] Participants were randomly allocated to 2 groups: a motor dual task train-
ing group (n=17) and a control group (n=16). [Methods] Both groups received physical therapy for 30 minutes, 5
days per week for 6 weeks. The motor dual task training group received additional motor dual task training for 30
minutes, 3 days per week for 6 weeks. Gait ability was evaluated using the GAITRite system. [Results] Temporal
parameters and spatial parameters were significantly improved by motor dual task training. Changes in gait speed,
cadence, paretic step length, non-paretic step length, paretic stride length, non-paretic stride length, and paretic
single limb support period were significantly different between the motor dual task training group and the control
group. [Conclusion] Motor dual task training improved gait ability. These results suggest that motor dual task train-

ing is feasible and suitable for individuals with stroke.
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INTRODUCTION

Stroke is a cerebrovascular disease in which blockage or
rupture occurs in the cerebrovascular area, obstructing blood
flow, leading to damage of neurons or necrosis due to inter-
ruption of oxygen and nutrient supply. It is the most common
form of acquired brain injury and results in disability and
death throughout the world".

The aspects of disability caused by stroke differ depending
on the degree and location of brain injury, but generally
include balance impairment, cognitive impairment, sensory
impairment, mood impairment, and dysfunction of the upper
and lower extremities, causing problems such as decrease in
capacity for active exercise and loss of mobility?.

Functional recovery of hemiplegic stroke patients
is associated with high costs and a high level of effort.
However, even with therapy, long-term functional and
physical disabilities can persist, and patients may show
difficulty in independent walking when they return to their
homes and communities®. Recovery of walking ability, in
particular, directly affects patients” attempts to return to their
lifestyle before stroke, to live an independent life and to
participate in social activities®); therefore, many studies have
been carried out on various interventions for the recovery of
independent walking>).

Therapeutic approaches to walking improvement
for stroke patients have included systematic thera-
peutic training methods such as virtual reality training®),
force platform biofeedback”, and treadmill training®.
More recently, dual task training during which patients
with neurologic damage, such as stroke, perform both
motor tasks and cognitive tasks related to gait functions
has become the main focus of research in this field”.
Bowen et al. measured the gait parameters of 11 stroke
patients in single task (walking) and dual task (listening
and answering with walking) conditions, and reported a
significant decrease in gait speed under dual task conditions
compared to single task conditions'?). A study by Haggard
et al. reported that stride length of patients with neuro-
logical damage decreased by 7% unfer dual task conditions
compared to a single task conditions!". In addition, Dawes
et al. reported that the interference caused by cognitive tasks
that appears in patients with neurological damage is shown
more clearly when the intensity of training is higher'?,
Performing a motor task and a cognitive task at the same
time is not difficult for healthy subjects'?), but for patients
with neurological damage or elderly people whose attention
is decreased, dual tasks can lower physical and cognitive
function, causing falls'¥, and loss of gait ability'% '), Yang
et al. highlighted the cognitive-motor interference that can
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be caused by cognitive tasks in patients with neurological
damage, and emphasized the importance of motor dual task
training, in which 2 motor tasks are performed at the same
time, over dual task training, in which a motor task and a
cognitive task are performed at the same time'>). Handling
several mobility tasks at the same time is an innate function
for humans and is necessary for performing the activities of
daily living. If a dual task is set as an indicator of assessment,
it may play a role in helping patients with neurological
damage to return to their communities'®). Therefore, this
study sought to investigate the effects of motor dual task
training on the temporal and spatial parameters of gait of
stroke patients in order to develop a new therapeutic strategy
for promoting mobility and improving the independent lives
of stroke patients.

SUBJECTS AND METHODS

This study recruited 35 patients who were admitted to
I hospital in Korea after being diagnosed with stroke. The
subjects understood the contents of the study and agreed to
participate. The inclusion criteria were as follows: presence
of hemiparesis resulting from a single stroke that had
occurred in the past 6 months; ability to communicate and
understand with a Mini-Mental Status Examination score of
over 24 points!?; no visual disorders or visual field deficits;
no known musculoskeletal conditions that would affect
patients’ ability to safely walk, repeatedly; and ability to
walk 10 m independently with or without an assistive device.

The study used a pretest-posttest control group design,
and the subjects were divided into a motor dual task training
(MDT) group and a control (CON) group by a computer
program (Table 1). During the study, 1 patient from each
of the 2 groups dropped out from the experiment due to a
change in medical status, and 1 patient from the CON group
dropped out because of discharge from hospital. Therefore,
17 patients were assessed in the MDT group, and 16 patients
were assessed in the CON group.

The pretest was carried out before the intervention, and the
posttest was performed after intervention. The MDT group
and the CON group received in traditional physical therapy
consisting of 10 minutes of range of motion exercises, 10
minutes of functional mobility training, and 10 minutes of
gait training. This therapy was carried out one to one with
a therapist for 30 minutes, 5 days per week for 6 weeks.
The MDT group practiced motor dual task training for an
additional 30 minutes, 3 days per week for 6 weeks. There
were rest periods between each part of the training sessions
so that the subjects did not become fatigued.

The motor dual task used in this study was applied after
modifying and supplementing the task used by Yang et al.'®.
The therapist held a 70 cm-long stick with a ball attached
to it by a string and walked next to the subject. The subject
walked to a target point 10 m away while kicking the ball
with the knee on the non-paretic side and returned to the start
point while kicking the ball with the foot on the paretic side.
While the subject walked to the target point kicking the ball
with the non-paretic knee, the therapist held the ball at the
height of the subject’s ankle joint. The subject’s gait speed

Table 1. Subject characteristics

Parameters MDT (n=17) CON (n=16)
Gender

Male/Female 12/5 8/8
Paretic side

Right/Left 14/3 10/6
Age, years 65.59 (5.81) 61.56 (6.17)
Duration, months 16.29 (2.62) 17.44 (3.67)
Height, cm 164.65 (6.44) 164.94 (7.88)
Weight, kg 63.37 (9.78) 61.50 (7.21)
Br stages, score 3.05 (0.55) 3.25 (0.68)
MMSE, score 25.35 (2.50) 27.06 (2.98)

(N=33) NOTE. Values are mean (SD). Abbreviation. MDC,
Motor dual task training group; CON, Control group; MMSE,
Mini Mental State Examination; Br stages, Brunnstrom stages.

was inconsistent, following the speed of the ball that the
therapist was holding. The ball used was a Styrofoam ball
18 cm in diameter, and the total gait distance was 20 m back
and forth. After 13 minutes of training, the subject rested
for 4 minutes and then trained again for another 13 minutes.
The therapist checked on the status of the subject after every
20 m of training, and assessed whether the subject could
follow the moving speed of the ball. The level of difficulty
of the task was controlled, with training for 1-2 weeks on
a straight course, training after 3—4 weeks on an S-shaped
course, and training after 56 weeks on an obstacle course.

Gait abilities were measured using an electrical walkway
system (GAITRite, CIR System Inc., USA). The system
captures temporal and spatial gait parameters. It consists of
an 810 x 89 x 0.625 cm (length x width x height) instru-
mented mat with 27,648 embedded pressure sensitive
sensors, spaced at 1.27 cm, arranged in a 48 x 576 grid. The
sampling rate was 80 Hz. Data were input to a computer and
analyzed using gait analysis software (GAITRite GOLD,
version 3.2b). Subjects were asked to walk at a comfortable
gait speed comfortable in all 3 trials. Subjects initiated and
terminated walking a minimum of 3 m from the start and
end of the walkway to maintain gait speed on the mat. A
verbal command was given to initiate walking and one of the
examiners accompanied the subject to prevent a fall during
walking. Gait speed, cadence, step length, stride length,
single limb support period, and double limb support period
for both the paretic and non-paretic legs were measured.

Statistical analyses were performed using SPSS version
18.0 software. After confirming the normality of the data
with the Shapiro-Wilks test, pre- and post-intervention data
were examined with the paired t-test within each group of
subjects and with the independent t-test between the groups.
The level of significance was chosen as 5% for all statistical
analyses.

RESULTS

Compared to pre-intervention values, the temporal
parameters (gait speed and cadence) and spatial parameters
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Table 2. Comparison of temporal gait measures within groups and between groups

Values Change Values
Parameters MDT (n=17) CON (n=16) MDT (n=17) CON (n=16)
Pre Post Pre Post Post-Pre Post-Pre
(Scprfig 47.84 (17.28) 64.55 (24.01)™" 50.36 (18.00) 55.86 (19.73)™ 16.71 (8.50) 5.50 (5.13)"""
Cadence

7741 (2347)  91.14 (21.34)""

(steps/min)

77.18 (17.60)

81.74 (16.27)™ 13.73 (9.16) 4.56 (6.45)"

(N=33) NOTE. Values are mean (SD). Abbreviation: MDT, Motor dual task training group; CON, Control group; P, paretic side; NP, non-paretic

side; Post-Pre, posttest-pretest. ““p<0.01, *** p<0.001

Table 3. Comparison of spatial gait measures within groups and between groups

Values Change Values
Parameters MDT (n=17) CON (n=16) MDT (n=17) CON (n=16)
Pre Post Pre Post Post-Pre Post-Pre
38.62 (7.61)  44.19 (7.68)™" 40.79 (6.77)  43.38 (7.06)"" 5.57(4.55) 2.59 2.73)"
Step length (cm) i " .
NP 33.80(8.97) 41.78 (13.12) 35.78 (8.03)  37.57 (8.25) 7.99 (10.37) 1.79 (1.91)
. 71.24 (15.84) 86.03 (19.77)™"  76.66 (13.64) 78.00 (14.07)"" 14.80 (9.92) 3.36 (3.66)™"
Stride length (cm) e e e
NP 69.99 (19.98) 86.27 (20.30) 76.72 (13.97) 80.84 (14.64) 16.28 (10.44) 4.12 (3.47)
Single limb P 28.32(5.90)  32.04 (5.49)"" 25.81 (5.55) 27.68 (4.88)"" 3.72 (3.15) 1.86 (1.61)"
support period (%) NP 34.77 (4.41)  36.64 (2.73)" 34.46 (5.97) 36.38 (4.93)" 1.86 (3.29) 1.93 (2.91)
Double limb P 38.65(7.73)  34.41 (6.25)™" 39.28 (10.14) 35.93 (9.28)"" —4.28 (3.54) -3.34 (2.94)
support period (%) NP 38.59 (7.44)  34.78 (6.53)"" 39.33 (10.10) 35.81 (8.48)""" —4.09 (3.62) -3.52 (2.71)

(N=33) NOTE. Values are mean (SD). Abbreviation: MDT, Motor dual task training group; CON, Control group; P, paretic side; NP, non-paretic

T

side; Post-Pre, posttest-pretest. “p<0.05, “p<0.01, **p<0.001

(step length, stride length, and single limb support period
for both the paretic and non-paretic legs) after the of 6
weeks of intervention had significantly increased in both
groups (p<0.05). Furthermore, the spatial parameters of the
paretic double limb support period and non-paretic double
limb support period significantly decreased in both groups,
compared to pre-intervention (p<0.05).

Changes in gait speed, cadence, paretic step length,
non-paretic step length, paretic stride length, non-paretic
stride length, and paretic single limb support period were
significantly different between the MDT group and the CON
group (p<0.05) (Tables 2, 3).

DISCUSSION

Gait is a complex process during which much of the
nervous system and musculoskeletal system are used, and
is a continuous and repetitive process that ambulates the
body!?. Stroke patients have a characteristic gait pattern
with a slow gait cycle and gait speed, different stride length
between the affected side and the non-affected side, short
stance phase on the affected side, and a relatively long swing
phase??). During abnormal walking, a shortened weight-
supporting time of the lower extremity on the affected side
is usually seen, and balance control during gait becomes
difficult due to a prolonged period of double limb support,
leading to a decline in energy efficiency?"). Thus, gait
speed assessment can be used as a criterion of functional

recovery for stroke patients. The standard of independent
gait ability?? and increase in gait speed are the final steps
of stroke rehabilitation, providing the chance for stroke
patients to return to their community and actively participate
in social activities?®.

In this study, motor dual task training consisted of 2
motor tasks for the improvement of gait of stroke patients.
Training was conducted for 6 weeks, and gait speed, cadence,
paretic and non-paretic side step length, stride length, single
limb support period, and double limb support period were
measured. The results show that the gait speed of the MDT
group increased from 47.84 cm/s to 64.55 cm/s and that the
gait speed of the CON group increased from 50.35 cm/s to
55.85 cm/s, with both groups showing significant improve-
ments (p<0.05). When the improvements were compared
between the groups, a significantly better improvement
was observed in the MDT group (p<0.05). Among previous
studies conducted of gait ability, a study in which chronic
stroke patients practiced 7 types of dual task training using
balls for 4 weeks demonstrated a change in gait speed from
52 cm/s to 69 cm/s, an increase of 17 cm/s®). According to
the results of a study on the relationship between gait speed
of stroke patients and their activities during daily living, a
speed of 40 cm/s is required for living at home, a speed of
58-80 cm/s is required for restricted social activities, and a
speed above 80 cm/s is required for social activities?®. In
the current study, the gait speed of the MDT group increased
from 47.84 cm/s to 64.55 cm/s. This result is meaningful
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because the final speed is within the speed of 58—80 cm/s
required for performing restricted social activities, and
suggests that motor dual task training can help stroke patients
return to their community and daily activities.

For hemiplegic stroke patients, the weight-bearing
duration on the affected side is shortened and the double
limb support period is increased; thus, gait cycle and
cadence become slow?>. In addition, when gait is unstable,
stride length decreases and the gap between gaits increases,
increasing cadence. Also, the single limb support period
decreases, and the double limb support period increases?®).
In the present study, after 6 weeks of training, both groups
showed significant increases in cadence, step length of the
paretic and non-paretic sides, stride length, and single limb
support period (p<0.05), and a significant decrease in double
limb support period (p<0.05). Furthermore, when comparing
the groups, the MDT group showed a significantly better
improvement in cadence, step length of the paretic and
non-paretic sides, stride length, and single limb support
period on the affected side. Increased neuroplasticity and
brain reorganization in response to repeated task-oriented
training improves the gait function of stroke patients through
motor re-learning?”). The motor dual task training used in
this study was conducted in such a manner that the subject
walked while targeting a ball that the therapist controlled,
and the subject kicked the ball with the non-paretic knee
and paretic foot while walking. The process of kicking the
ball with the non-paretic knee induces improvement in the
single limb support period of the paretic lower extremity,
and the process of kicking ball with the paretic foot induces
improvement in the step length and stride length of the
paretic lower extremity, leading to improvement in the
cadence of the subjects.

This study investigated the effect of motor dual task
training on the gait ability of stroke patients, and the results
show that motor dual task training is an effective form of
training that improves the functional mobility of stroke
patients by improving their gait abilities. This type of
training can be actively utilized in physical therapy clinics.

The limitation of this study is that its results cannot be
generalized to all stroke patients because subjects with very
good gait abilities or very bad gait abilities were excluded.
In addition, the subjects’ daily living activities were not
completely limited during the study period; therefore, the
effect of daily living activity on the change in gait ability
observed cannot be completely excluded.
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