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ABSTRACT

(© 2018 The Authors. This is an open access
article under the CC-By-NC license. . Background: Parkinson Disease (PD) is characterized by motor and non-motor symptoms that
. affect patients’ functions, especially while performing dual-tasks a critical factor in everyday
living. However, many controversies exist about the benefits of dual-task training in patients
with PD.

Objectives: This study assessed the efficacy of motor and cognitive dual-task training in improving
balance and gait parameters in people with idiopathic PD.

Materials & Methods: A single-blind controlled trial was conducted on PD patients living in

Guilan Province of Iran, in 2018-2019. A total of 30 PD patients (Hoehn and Yahr stage II-III

while on medication) were assigned to the cognitive dual-task training group (n=10), motor dual-

task training group (n=10), and single-Task control group (n=10). All groups received 30 sessions

of different exercises for 10 consecutive weeks. The patients’ balance and some spatiotemporal

gait parameters were respectively assessed with timed up and go test and HD VideoCam-Kinovea
before and after training and then 1 month later.

Results: Both dual-task and single-Task trainings improved the outcome measures (timed up and

¢ go test (F=535.54; P=0.000), stride length (F=87.41; P=0.00), stride time (F=102.11; P=0.00),

Article info: . cadence (F=286.36; P=0.00), swing time (F=48.90; P=0.00), and stance time (F=40.56; P=0.00)).

. These improvements were maintained at 1-month follow-up, although the effect slightly reduced.
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® Both dual-task and simple task training protocols can improve several gait-related outcomes such as stride length,
cadence, stride time, and balance. Thus, both exercises could be beneficial for patients with Parkinson.

Introduction

arkinson Disease (PD) is the second most

common neurodegenerative disorder af-

ter Alzheimer disease that targets basal

ganglia [1]. Four million people now live

with PD all over the world, and this num-
ber will double until 2030 [2]. This illness is character-
ized by both motor and non-motor symptoms that disrupt
activities of daily living [1]. The main motor symptoms
include tremor, rigidity, bradykinesia, and postural insta-
bility [3]. Patients with PD usually experience cognitive
impairments, including deficits in executive function, at-
tention, working memory, and visuospatial domains that
can interfere with their mobility [4].

More than half of the patients with PD suffer from gait
disturbances depending on their disease severity that
causes falling so that between 50% to 68% of people
with PD experience at least one fall during a year [5, 6].
Apparently gait impairments like reduced stride length
and slower gait velocity are common in patients with
PD [7]. Some medications, such as levodopa is the stan-
dard treatment for PD, but they become less effective for
some symptoms after a long period of usage [5]. Thus,
the other kinds of treatments like exercise therapy or
physical therapy are needed for these patients.

Dual-Task (DT) performance refers to performing two
tasks at the same time. Mobility in daily life frequently
requires DT performances, such as talking with carry-
ing a glass of water while walking. Several studies dem-
onstrated some gait disturbances such as increased risk
of falling, more freezing of gait, and reduced functional
mobility during DT conditions in patients with PD [8-
10]. According to the guidelines of physical therapy, DT
training is better avoided or used cautiously in PD be-
cause its practicality is unclear [11]. Because of loss of
automaticity in PD, patients find it challenging to do two
tasks at the same time [12]. However, some recent stud-
ies showed benefits of DT training in PD patients [13].

Santos et al. in a systematic review, reported that differ-
ent types of dual-task interventions could improve some
gait parameters in patients with PD [3]. As mentioned
above, since the people in their activities of daily living

face with DT conditions a lot, DT training could be ben-
eficial, especially in patients with balance and gait disor-
ders like PD. Another point is that research on the abil-
ity to modify DT performance among people with PD
is very limited [14]. Therefore, this study investigates
whether cognitive and motor DT training has any effect
on balance and some spatiotemporal gait parameters in
people with idiopathic PD.

Materials and Methods
Study design

The study was performed with the approval of the Uni-
versity of Guilan and registered in the Iranian Registry
of Clinical Trials (No. IRCT20180106038239N1). A
single-blind controlled trial was conducted to compare
cognitive and motor dual-task training with simple-task
trining. The research period included 10 weeks super-
vised training and one-month follow-up and primary
outcomes measured at baseline, after supervised train-
ing, and one month later (as follow-up). In this study, the
patients were trained and assessed by a physiotherapist
in a private clinic of physical therapy. Also, the patients
were tested on medications condition, 1-2 hours after
taking antiparkinson medications, at the same time of
day for pre- and post-intervention and follow up assess-
ments.

Study participants

Considering a=0.05, effect size: 0.5, and analysis pow-
er of 0.8, the sample size was estimated as 30 by GPow-
er 3.1 (an excellent freeware program for sample size
analysis) [15]. So, thirty patients with mild to moderate
PD were recruited for the study. After evaluating the eli-
gibility of the patients, they were informed of the study
procedure and signed informed written consent before
the study. The patients were assigned to a control group
(n=10) and 2 experimental groups (n=20). In experimen-
tal groups, there were 10 patients in Motor Dual-task
Training Group (MDTTG) and 10 patients in Cognitive
Dual-task Training Group (CDTTG).
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Inclusion criteria

Diagnosis of PD by a neurologist, being at stage II-111
based on the Hoehn and Yahr scale [16]. Aged between
50 to 75 years. Under stable medication regimen within
the previous month and during the period of the research
(4 months) [17]. Able to walk 100 m independently
without any assistive devices [5].

Exclusion criteria

Having another neurological condition in addition to
PD. Suffering from any musculoskeletal or cardiopul-
monary conditions that affect the quality of life. Under-
going surgery for PD such as deep brain stimulation.
Getting a score of less than 24 in the mini-mental status
examination. Having sensory impairment (e.g. blind-
ness, deafness) [5]. Having participated in an organized
exercise therapy program in the last 6 months [17].

Outcome measures

In the current study, the outcome measures were Timed
Up and Go test (TUG) and some spatiotemporal gait pa-
rameters, including stride length (cm), cadence (step/
min), stride time (stride/s), swing % (% of gait cycle),
and stance % (% of gait cycle). TUG test is a functional
test the measures the ability of the patient to rise from
a seated position on a chair, walk 3 m, turn, walk back,
and sit down. This test requires only a few minutes to ac-
complish, easy to administer, and requires a few pieces
of equipment. In PD, longer TUG test times are asso-
ciated with decreased mobility. Also, TUG test has a
high test-retest reliability and interrater reliability in PD
population [18]. For assessing some spatiotemporal gait
parameters, HD VideoCam-Kinovea was used.

The motion was simultaneously recorded using two
Casio EX-F1 HD VideoCam in the sagittal and frontal
plane with the ability to shoot 1920x1080 full HD mov-
ies at 60 frames per second. One camera (in the sagittal
plane) was placed on a tripod at the height of 50 cm at a
distance of 2 m to the center of the pathway to capture
a good view of a gait cycle. Another camera was placed
in front of the subject at a distance of 3 m [19]. This set-
ting ensured that the calibration area covered the lower
limb of the subject (field of view). The outputs (video
recordings) from the two HD VideoCam were fed into
Kinovea 0.8.25 (an open-source software) to analyze the
gait. It seems that HD VideoCam-Kinovea is a reliable
motion capture-analysis system (r=0.79). Moreover, it is
low cost, portable, and easy to use [20].
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Study itervention

In the Single-Task Training Control Group (STTCG)
and Cognitive and Motor Dual-Task Training (CDTTG
and MDTTG) groups, the patients participated in a 30
session program administered for 45 minutes each ses-
sion, 3 times per week for 10 weeks. The training was
conducted by a physiotherapist in the “on medication”
condition (often 1 hour after medication). In the single-
Task group, the patients made a selection of exercises
presented by Parkinson Society of Canada, including
wall standing exercise, tandem stance, single-leg stance,
standing on toes, squat, march, side bending exercise,
trunk rotation exercise, and figure of eight walking [21].
According to overload principle of exercise, training
program had a progressive trend.

In the cognitive and motor dual-task groups, the pa-
tients did the exercises while performing various ad-
ditional cognitive or motor tasks. Other cognitive
tasks during training included counting backward by
3 s, memory recall, generating category lists (e.g. fruit,
sports, names starting with a specific letter) and simple
calculation tasks. Additional motor tasks were selected
to reflect everyday activities such as doing up buttons,
carrying a plate with a glass on top, and transferring
coins between pockets or objects like cell phone be-
tween hands while training [22]. The patients were in-
structed to perform additional tasks correctly while do-
ing the exercises.

Statistical analysis

Statistical analysis was performed in SPSS V. 20.
The results obtained in the study were considered sta-
tistically significant at P<0.05. For assessing any differ-
ences between clinical and demographic variables at the
beginning of the study, One-Way Analysis of Variance
(ANOVA) was used. Assumptions of data normality
were checked before the analysis by the Shapiro-Wilk
test. The data collected from the single-Task group
statistically compared with the two dual-task training
groups. In this research, for comparison of the effects of
single and motor/ cognitive dual-task training on the bal-
ance and some spatiotemporal gait parameters, six sepa-
rate repeated measures ANOVA were conducted. Also,
Greenhouse-Geisser correction was used when the ob-
tained results from the Mauchly’s test of sphericity indi-
cated a violation of the sphericity assumption (P<0.05).
Post hoc analyses were carried out using Bonferroni cor-
rections for multiple comparisons.
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Results

A total number of 32 patients participated in receiving
one of training protocols: Cognitive DT training (n=11),
motor DT training (n=11), or single-Task training (n=10).
The dropout rate was 6.2%. One patient dropped out of
cognitive DT training and one patient of motor DT train-
ing because they could not finish the training protocols.
The groups were similar in clinical and demographical
variables. Table 1 shows no significant differences in the
clinical and demographic variables of subjects at the be-
ginning of the study using One-Way ANOVA (P>0.05).
According to Table 2 and based on the Shapiro-Wilk test,
all data were normally distributed (P>0.05); therefore
parametric statistics were used.

The effect of dual-task and single-task training on
outcome measures

Table 3 presents the estimated values and 95% confidence
intervals for variables before and after the intervention and
after 1 month follow-up. According to Table 4 and contrary
to our hypotheses, no interaction effects were found be-
tween “Time” and “Group” for any of the spatiotemporal
gait parameters and TUG. It indicates that all training pro-
tocols had similar effects (P>0.05).

Timed Up and Go test

The main effects for “Time” were significant for TUG
in within-subjct comparisons in three groups (F=530.54;
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P=0.00) (Table 4). Post hoc within-group analysis
showed significant decreases in time of TUG test after
treatment and after one month follow-up in three groups
(P<0.05) (Table 5).

Spatiotemporal gait parameters

The main effects for “Time” were significant for spa-
tiotemporal gait parameters, including $tride length
(F=164.34; P=0.00), stride time (F=205.35; P=0.00),
cadence (F=745.33; P=0.00), swing time % (F=44.91;
P=0.00), stance time % (F=29.21; P=0.00) in three
groups (Table 4). Post hoc within-group analysis showed
a significant increase in stride length and cadence and
significant decrease in stride time after intervention and
after one month follow-up in three groups (P<0.05) (Ta-
ble 5). But for swing time % and stance time %, post hoc
comparisons showed significant increase in swing time
% and significant decrease in stance time % after the in-
tervention (P<0.05). These changes were not significant
after 1 month follow-up (P>0.05) (Table 5).

Discussion

In this study, we compared the efficacy of two dual-task
training programs with a single-Task training program
on the improvement of balance and some spatiotempo-
ral gait parameters in people with idiopathic Parkinson
Disease. The results of this study indicate that cogni-
tive/ motor dual-task training and single-Task training
programs were equally effective in improving balance

Table 1. Clinical and demographical variables of subjects at baseline

MeantSD

Variable F Sig.*

CDTTG MDTTG STTCG
Age (y) 67.20+3.79 68.9+4.12 67.91+3.78 0.47 0.62
Duration of disease (y) 5.80+1.93 6.00+1.82 6.60+2.06 0.45 0.63
H&Y (lI-111) 2.80+0.42 2.70+0.63 2.65+0.57 0.19 0.82
BMI ( kg/m?) 23.60+1.13 24.27+1.48 23.20+0.79 2.10 0.14
MMSE/30 27.70+1.05 27.20+1.35 27.60+1.17 0.55 0.58
UPDRS motor exam/56 25.70+3.46 22.60+4.47 24.30+4.46 1.34 0.22
LEDD (mg/d) 600+174.08 600+174.08 625+176.72 0.06 0.93

JNS

CDTTG: Cognitive Dual-task Training Group; MDTTG: Motor Dual-task Training Group; STCG: Single-Task Control Group;
H & Y: Hoehn & Yahr stage; BMI: Body Mass Index; MMSE: Mini-Mental State Examination; UPDRS: Unified Parkinson Dis-
ease Rating Scale motor exam; LEDD: Levodopa Equivalent Daily Dose

*There is no significant difference between clinical and demographic variables at baseline (P>0.05)
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Table 2. The results of the Shapiro-Wilk test for assessing normal data distribution

Caspian Journal of
Neurological Sciences

Variable Statistic Sig.* Variable Statistic Sig.*
TUG Stride time
. . 0.95 0.18 . . 0.93 0.08
Pre-intervention Pre-intervention
TUG Stride time
0.86 0.44 0.93 0.06
Post-intervention Post-intervention
TUG Stride time
0.95 0.32 0.94 0.07
Fallow-up Follow-up
Stride length Swing %
0.91 0.06 0.57 0.89
Pre-intervention Pre-intervention
Stride length Swing %
0.94 0.12 0.57 0.90
Post-intervention Post-intervention
Stridel Swing %
0.93 0.06 0.72 0.66
Fallow-up Follow-up
Cadence Stance %
0.53 0.94 0.57 0.89
Pre-intervention Pre-intervention
Cadence Stance %
0.94 0.13 0.58 0.90
Post-intervention Post-intervention
Cadence Stance %
0.66 0.76 0.57 0.89
Follow-up Follow-up

* Test distribution is normal (P>0.05)

VCINS

Table 3. Estimated values and 95% confidence intervals for variables before and after the intervention and after 1 month follow-up

Pre-Intervention

Post-Intervention

One Month Follow-Up

Variable
CDTTG MDTTG STTCG CDTTG MDTTG STTCG CDTTG MDTTG STTCG
13.92 13.99 13.82 12.28 12.64 13.03 12.67 13.39
2 13.43
fo) (13.61- (13.69-  (13.51-  (12.01-  (12.37-  (12.76-  (12.37-  (13.09-
=z (13.12-13.73)
14.23) 14.30) 14.12) 12.55) 12.91) 13.30) 12.98) 13.70)
) 102.20 102.90 10430  107.90 107.70 10890  106.20 106.10
[ L 106.12
52 (100.16-  (100.86- (102.26- (105.81-  (105.61- (106.81- (104.09- (104.02-
6 (104.12-108-20)
3 104.23) 104.93) 106.33) 109.98)  109.78) 110.98) 108.17)  108.18)
a 1.30 1.32 1.26 1.08 1.13 1.11 1.18 1.19
ElA 1.17
22 (1.23- (1.25- (1.19- (1.03- (1.08- (1.05- (1.14- (1.14-
= 0 (1.12-1.21)
1.37) 1.39) 1.33) 1.14) 1.19) 1.16) 1.22) 1.23)
@ o 96.20 95.10 95.60 100.80 99.70 100.10  99.100 97.50
By 97.30
S0 (94.96- (93.46-  (93.96-  (99.24-  (98.14-  (98.54-  (97.96-  (96.09-
3 3 (95.98-98.71)
3 97.83) 96.73) 97.23)  102.35)  101.25) 101.65)  100.51) 98.91)
33.40 33.00 33.40 34.30 34.60 34.80 34.10 33.90
¢ 34.20
G (32.64- (32.24-  (32.64-  (33.95-  (33.65-  (34.09-  (33.42-  (33.22-
o ® (33.52-34.87)
34.15) 33.75) 34.15) 35.00) 35.30) 35.50) 34.77) 34.57)
o o 66.60 67.00 66.60 65.70 65.40 65.20 65.90 66.10
s 65.80
o3 (65.84- (66.24-  (65.84-  (65.18-  (64.98-  (64.87-  (65.19-  (65.39-
<5 (64.69-66.50)
67.35) 67.75) 67.35) 66.61) 66.41) 65.91) 66.60) 66.80)
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g
Z
~ Table 4. The results of within-subjects and between-subjects repeated measure ANOVA for variables
Q
e TUG (s) Stride Length (cm) Stride Time (s)
Q
m Variable
S SS df MS F P* SS df MS F P* SS df MS F P*
=
S
N Factor 1 24.10 2 12.05 530.54 0.00 384.68 136 28191 164.34 0.00 048 159 0.30 205.35 0.00
2
2 i "
3 Within Factor 1 2.89 4 0.72 3212 0.00 11.44 272 419 244 000 051 3.19 000 3.15 003
subjects Group
Error 12 54 0.02 - - 63.20 36.84 171 - - 0.06 4318 0.00 - -
Group 3.76 2 1.88 3.26 0.06 19.75 2 9.87 0.35 0.70 0.01 2 0.00 0.32 0.72
Between-
subjects
Error 15.54 27 0.57 - - 760.70 27 28.17 - - 0.54 27 0.02 - -
Cadence (step/min) Swing Time % Stance Time %
Variable
SS df MS F P* SS df MS F P* SS df MS F P
Factor 1 312.86 2 156.43 745.35 0.00 22.40 147 15.18 4491 0.00 21.06 2 10.53 29.21 0.00
Within- Factor 1 4.46 4 111 532 0.00 0.80 295 027 0.80 049 146 4 036 101 040
subjects Group
Error 1133 54 0.21 - - 13.46 39.82 0.33 - - 19.46 54 0.36 - -
3
« £ Group 27.26 2 13.63 0.83 044 240 2 1.20 038 0.68 346 2 173 057 057
S0 Between-
3 subjects
W ..lr_w Error 441.66 27 16.35 - - 84.53 27 313 - - 82.13 27 3.04 - -
- ~ND
c 9
g9 CIJNS
3
Osa 2 SS: Sum of Squared; df: Degree of Freedom; MS: Mean Square; CDTTG: Cognitive Dual-task Training Group; MDTTG: Motor Dual-task Training Group; STCG: Single-Task Control
Group
*Significant effects are marked



http://cjns.gums.ac.ir/

Caspian Journal of
Neurological Sciences

October 2019, Volume 5, Issue 4, Number 19

Table 5. Post hoc within-group comparisons

Timed Up and Go Test (s) Stride Length (cm) Stride Time (s)
Variable Group
MD p* ES MD P* ES MD p* ES

CDTTG 164  0.00 9.64 570 000 248 022 000 314

Pre- and post-intervention MDTTG 1.35 0.00 2.21 -4.80 0.00 1.36 0.16 0.00 1.21

STTCG 078  0.00 1.58 -460 000 132 015 000  1.87

CDTTG 124  0.00 7.35 390 000 170 012 000 171

PR I e MDTTG 060 0.0 0.98 320 000 091 011 000 078
follow-up

STTCG 039 0.0 0.78 190 000 054 009 000 112

CDTTG 039  0.00 1.56 180 001 094 009 000 166

Post-intervention and MDTTG 078  0.00 1.41 160 002 043  -005 000 060
follow-up

STTCG 039  0.00 0.97 270 000 073  -005 000 075

Cadence (step/min) Swing Time % Stance Time %
Variable Group
MD p* ES MD p* ES MD p* ES

CDTTG 520  0.00 2.00 090 001 084 070 008 065

Pre- and post-intervention MDTTG -5.00 0.00 1.54 -1.30 0.00 1.13 1.30 0.00 1.13

STTCG 480  0.00 1.84 140 000 111 140 000 111

CDTTG 350  0.00 135 070 000 065 070 001 065

Pre-intervention and MDTTG ~ -2.80  0.00 0.86 09 000 078 090 000 078
follow-up

STTCG 210 0.0 0.80 080 000 063 100 000 111

CDTTG 170 0.0 0.79 020 080 019  -142 100 065

Post-intervention and MDTTG 220  0.00 078 040 009 034  -040 042 034
follow-up

STTCG 270 0.00 1.05 060 007 058  -040 042 038

*Significant effects are marked

and some spatiotemporal gait parameters in PD patients.
These effects were obvious not only in the single-Task
training group but also in the dual-task training groups
and maintained for one month after training. Patients
with PD suffer from loss of automaticity in movements.
Thus, several studies reported balance disorders in pa-
tients with PD under DT conditions compared with
healthy age-matched control groups [23].

According to the evidence-based rehabilitation guide-
lines in PD, it is better to avoid DT situations and di-
vide complex tasks into easier subcomponents [24]. In
PD patients, frontoparietal circuits showed greater acti-
vation during DT activities compared with single-Task

performance, and flexible internetwork compensation
may be hampered. Besides the $tructural limitations,
changing task prioritization and allocating attention to
the first task leads to difficulty in second task perfor-
mance [14]. But in recent years, European guideline
provides a different opinion, stating that in Hoehn and
Yahr stages II and III, DT training may be safe and ef-
fective [25]. The findings of this study showed that
cognitive/ motor dual-task training and single-Task
training could improve TUG and this improvement
would remain even after 1 month follow-up. In agree-
ment with our findings, Romenets et al. reported sig-
nificant improvements in TUG and DT-TUG perfor-
mance compared to the control group after 12 weeks
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Tango dancing [26]. In spite of different types of DT
training, the effect of training on TUG was similar in
these studies.

Regarding gait analysis, improvement in gait veloc-
ity can result from increased cadence, increased stride
length, or both. The results of our study revealed that
stride length and cadence improved with both single
and dual-task training. As we expected, significant ef-
fects were also observed for other spatiotemporal gait
parameters that are strictly related to gait velocity,
stride length, and cadence.

For example, we observed a significant decrease in
stride time and stance time percentage. In another study,
Strouwen et al. compared the efficacy of integrated dual-
task training and consecutive dual-task training on gait
parameters and risk of fall in patients with PD. They con-
cluded that consecutive and integrated dual-task train-
ing could lead to similar improvements in dual-task gait
velocity without increasing fall risk. Therefore, these
findings support the application of dual-task training in
clinical practice [11]. A dual task directs the performer’s
attention toward an external source of attention, while
performing a primary task. As stated in constrained ac-
tion hypothesis, this attentional change might allow mo-
tor systems to function automatically, resulting in more
effective performance [27].

In contrast to our hypothesis, no significant difference
was found between study groups. In the current research,
even the control group was trained. It seems that the lack
of an actual control group without any intervention can
be a reason for achieving these results. As reported by
studies of motor learning, the effect of DT training will
transfer not only to the DT performance but also to the
single-Task performance [14]. That could be another
reason for lack of any significant difference between
(Single-Task Control Group) STCG and DT training
groups in our study. Although we used GPower software
for calculating sample size, choosing a small sample size
is another limitation of this research, which can affect the
study results.

Conclusion

Single task and motor/cognitive dual-task training
were equally effective in improvement of balance and
some spatiotemporal gait parameters in people with PD.
The positive effects retained for one month that was in-
dicative of motor learning capacity in PD. Contrary to
current belief, DT training is not hazardous. Thus, DT

October 2019, Volume 5, Issue 4, Number 19

training should be included in rehabilitation programs by
physiotherapists in their clinical practice.
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