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Key summary points

Aim With this study, we aimed to compare the effects of single- and dual-task training on gait and cognition among healthy
older individuals, which can be adjusted weekly according to the individual’s functional performance.

Findings According to the results of the study, the dual-task training group was better compared to the single-task training
group in gait speed, cadence, and many cognitive variables.

Recommendation Individual progressive dual-task training is an effective and useful method that improves gait performance
and cognitive skills among older individuals. It is proposed to implement to maintain normal gait and cognitive function,
and prevent possible gait and cognitive disabilities for healthy older individuals.

Abstract

Purpose Dual-task training has beneficial effects on older individuals for gait and cognition. This study was aimed to make a
comparison between the effects of individual progressive single- and dual-task training on gait and cognition among healthy
older individuals.

Methods A total of 32 participants were divided randomly into two groups as the single-task group (n =16, 64.6 + 3.3 years,
7 males and 9 females) and dual-task group (n=16, 65.6 +2.6 years, 8 males and 8 females). The 10-m walk test with the
LEGSys device was used to assess spatio-temporal gait parameters. The cognitive parameters were evaluated using the
Standardized Mini-Mental State Exam and Stroop Test. An individual progressive 60 min single- and dual-task training
programs were applied twice per week for a period of 6 weeks.

Results There were significant differences for both gait and cognition variables in the dual-task training group (p <0.05),
according to the comparison of pre- and post-treatment results. In the single-task training group, there were significant differ-
ences only in gait parameters with single-task conditions (p < 0.05). The comparisons of the delta values between the groups
indicated that the dual-task training group was better compared to the single-task training group in gait speed, cadence, and
many cognitive variables (p < 0.05).

Conclusion Individual progressive dual-task training is an effective and useful method that improves gait performance and
cognitive skills among older individuals.
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Introduction

Gait is an important indicator of disability and mortality of
older individuals [1]. Evaluating gait speed, step lengths,
and gait stability provides help for insight into future falls
[2, 3]. Due to aging, normal physiological changes occur
in gait, including decreased gait speed, step lengths, and
mediolateral hip control, increased step width, and pro-
longed stance phase. The decrease in gait speed is the most
consistent change due to aging. Gait speed less than 1.0 m/s
is considered abnormal and it decreases by about 1% per
year from the age of 60 years [4].

Gait is a complex process that integrates sensory input
from visual, vestibular, and proprioceptive systems, and
combines with appropriate muscle strength, neuromus-
cular timing, and joint mobility [5, 6]. This complex pro-
cess among older individuals is associated with cognitive
skills and significant changes in gait are indicative for falls,
dementia, and disability. In addition, there is an association
between slower gait speed and unstable gait in single- and
dual-task conditions, and the early period of constraints in
cognitive domains like executive function, attention, and
working memory. Decreasing cognitive ability in the late
period manifests itself with inactivity and falling [7].

Recently, dual-task training, described as the simultane-
ous practice of cognitive and motor tasks, has been included
in the geriatric rehabilitation approach for the improvement
of gait and cognitive performance in older adults. Recent
studies have shown the beneficial effects of dual-task train-
ing on gait in single- and dual-task conditions among older
individuals [8—10]. The systematic review study of Wollesen
et al. [11] has emphasized that the training program should
include a certain level of exercise loads such as increased
difficulties, appropriate intensity and duration, level of
task specificity, and variable task prioritization, to achieve
more beneficial effects of dual-task training. In a systematic
review by Sherrington et al. [12], which evaluated exercises
that prevent falls in older individuals, it was stated that there
are insufficient studies to prove the superiority of group or
individual exercises. In the literature, group training has
been applied in studies comparing the effect of single- and
dual-task training on the gait performance of older adults.
Therefore, unlike other studies, individual single- and dual-
task training were applied in this study to be able to adjust
the exercise load according to the individual’s functional
performance. This study was aimed to make a comparison
between the effects of individual progressive single- and
dual-task training on gait and cognition among healthy older
adults.
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Method
Participants

The study included community-dwelling older individuals
with an age range of 60-75 years and who met the crite-
ria to be included for this study. For the participants of the
study, the older individuals who came to the Refreshment
University established for older individuals at Akdeniz Uni-
versity were contacted between November 2018 and March
2020. With the randomization method, participants have
been divided into a group of two: dual-task training group
(DTT) (n=16, 8 males—38 females) and single-task training
group (STT) (n=16, 7 males—9 females). Randomization
was stratified with the Timed Up and Go Test scores range
(<10 s and > 10 s) according to cut-off value for mobility
impairment. Then, the training groups were formed by tak-
ing an equal number of samples from each stratum group
randomly using Microsoft Excel.

The inclusion criteria were: to be the age of 6075 years,
with the educational level of at least primary school, the
Standardized Mini-Mental State Exam score of 24 or greater,
and the ability to walk independently without an assisting
device. The exclusion criteria of the study were the presence
of any acute or chronic disease that may affect the training
(e.g., Parkinson’s disease, diabetes mellitus, psychiatric dis-
eases), any significant hearing or visual impairments, drug
use that would affect the study results or participation in
regular exercise programs within the last 6 months.

Outcome measures

All evaluations were applied, before and after the 6-week
training with the same environmental conditions, by a physi-
otherapist with a clinical experience of 10 years. Standard
test protocols were followed during the evaluations.

The face-to-face interview method was used to record
the participants’ demographic data on the registration form.
The 10-m walk test was applied to evaluate gait parameters.
The main outcome is gait speed for this study, because the
sample size of the study was created by considering this
variable. The Timed Up and Go (TUG) test is used to rand-
omized the participants based on their functional mobility.
Scores from the Standardized Mini-Mental State Exam and
Stroop Test were among the recorded cognitive data.

The 10-m walk test was applied with the LEGSys device
(Newton, MA/USA). The portable sensors of the device
were placed above the participant’s ankles for the test.
Before and after the 10-m marked test area, a 2 m distance
area was included for starting and ending gait, where the gait
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parameters were not evaluated. The participant was asked to
walk at natural gait speed. Measurements were initiated as
soon as the individual’s foot stepped over the start line and
ended when it crossed the finish line [13].

The TUG test is used broadly in the rehabilitation of older
individuals to investigate balance, gait speed, and functional
ability needed for the performance of basic activities of daily
living in older persons. The TUG test records the time, in
seconds, from the moment a participant gets up from the
chair until it takes a 3-m walk at a natural speed, turns back
and sits back on the chair. A stopwatch was used to record
the time during the test [14, 15].

As a valid and reliable instrument, The Standardized
Mini-Mental State Exam is applied commonly to scan cog-
nitive disabilities in older individuals. It supplies a global
score of cognitive ability which has a correlation with func-
tion in activities of daily life. The test which consists of 19
items and memory, attention, visual-spatial skills, orienta-
tion, and language functions subgroups was applied per the
instruction of Kalem et al. [16]. The cut-off point for mild
and moderate dementia in Turkey has been calculated as
23/24 [16].

The Stroop Test assesses selective attention and inhibi-
tion. The test consists of a word, a color, and a color word
interference page and five distinct tests as follows: 1. saying
the color names from a card where they are written in black,
2. saying the color names from a card where they are writ-
ten in different colors, 3.saying the colors of circles shown
on a card with colored circles, 4. saying the colors of words
on a card with neutral words written in color, and 5. saying
the names of colors shown on a card with the color names
written using different colors. It was applied in line with the
“Turkish form application and scoring” standard instruction
prepared by Karakas et al. A stopwatch was used to record
the time during the test [17].

Interventions

STT and DTT groups were put into an individual progressive
60 min single- and dual-task training programs twice per week
for a period of 6 weeks. All training programs were imple-
mented individually by the same physiotherapist. The physio-
therapist giving the training has 10 years of clinical experience.
The initial and final 10 min of the main training had warm-up
and cooling exercises including breathing and stretching exer-
cises for the upper and lower body. The STT program consists
of basic gait and balance exercises (motor tasks). The DTT
program included the same motor tasks which were concur-
rent with a variety of cognitive tasks, designed to induce the
focus of attention (Table 1) [10]. All these trainings included

different levels which were progressively complex, adjust-
able to individual abilities and tolerability [18]. The inten-
sity of both training programs was progressively increased
or decreased weekly, based on the ability of each participant.
When the participants managed to adapt to a certain training
level, new challenges (e.g., longer time) were added to them
[19]. There were not any unexpected effects during the exer-
cise. The exercises were performed in the exercise room of the
Department of Gerontology at Akdeniz University. The rooms
were suitable for physical training activities with proper light-
ing and natural ventilation. All the participants in both groups
attended the intervention program.

Design

This study was designed as a randomized-controlled study
with parallel groups to evaluate the effects of individual pro-
gressive DTT on gait and cognition among healthy older indi-
viduals compared with an STT. The study was conducted in
accordance with the ethical standards mentioned in the 1964
Declaration of Helsinki and its later amendments or compara-
ble ethical standards. All the participants gave their informed
consent for inclusion written after they were verbally briefed
about the aims of the study. The Non-Interventional Clinical
Research Ethics Committee of Pamukkale University approved
the protocol of the study (Ref. No: 60116787-020/53283).

Sample size

The effect size obtained from the reference study was
very strong according to gait speed results (d=3.94) (12).
Assuming a lower level of power would be obtained, the
calculation was done according to the outcome of the power
analysis that at least 16 participants in each 2 groups (total
32 participants) can achieve 80% power at a 95% confidence
level for d=0.9 effect size [20].

Statistical analysis

SPSS version 22.0 (IBM statistics Armonk, NY, USA) was
used for the data analysis. Descriptive statistics were pre-
sented as mean =+ standard deviation (SD) values, number
(n), and percentage (%). The normal distribution of the
parameters was determined with the Shapiro-Wilk test.
The Mann—Whitney U test (non-parametric) was used to
compare the score differences between both groups for each
variable. The Wilcoxon Signed-Rank (non-parametric) test
was used for the analysis of pre—and post-training observa-
tions. Statistical significance was accepted as p <0.05.
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Table 1 Motor and cognitive tasks practised in the trainings

Motor Tasks Progression

Cognitive tasks

Progression

*First week: semi-tandem

Additional challenges:

Longer time (to 1 min)

Reduced visual input (e.g. looking up
to the sky or closing their eyes)

Less support surface (to tandem)

*Tandem

Same challenges were added

Standing

Single leg standing  First week: single leg standing
Additional challenges:

Longer time (to 1 min)

Reduced visual input (e.g. looking up

to the sky or closing their eyes)

Walking exercises: ~ *First week: walking as usual

1-Forward Additional challenges:
2- Side by side Increased speed trainer
3- Backward Longer time

Reduced visual input (e.g. looking up
to the sky or closing their eyes)

Less support surface (semi-tandem)

*Semi-tandem walking

Same challenges were added

*Tandem walking

Same challenges were added
Reaching exercises:

1-Forward
2-Both sides

First week: Reaching as far as possible

Additional challenges:

Longer time

Reduced visual input (e.g. looking up
to the sky or closing their eyes)

Increased distance

Recalling a sequence of numbers
previously given

Drawing a letter or a word on the floor
by a foot

1-Saying the previous number from a
number between 0 and 100 given by

2-Collecting numbers
3-Counting forward by ones numbers
between 0-100

1-Counting backward by ones numbers
between 0-100

2-Saying the next number from a num-
ber between 0-100 given by trainer

First week: Sequence included 4 num-
bers

Additional challenge: increased
sequence of numbers gradually

First week: drawing one letter

Additional challenge: drawing a word
(formed by two letters, three letters...
etc.)

1-First week: Saying the previous
number

Additional challenge: subtracting 2, 3...
etc. from the given number

2-First week: Collecting single digit
numbers

Additional challenge: increased scalar-
valued of the numbers

3-First week: Counting forward by ones

Additional challenge: counting forward
by twos, threes and fours etc. gradually

1-First week: Counting backward by
ones

Additional challenge: counting backward
by twos, threes and fours etc. Gradu-
ally

2-First week: Saying the next number

Additional challenge: subtracting 2, 3...
etc. from the given number

Results

The Consolidated Standards of Reporting Trials (CON-
SORT) diagram of the participants is presented in Fig. 1.
The study was completed with 32 participants. After the
first evaluation and randomization of 37 individuals, two
individuals did not attend the training program in both the
STT and DTT group, and one individual wished to leave
the training program in DTT group. The DTT group com-
prised eight females and eight males, with a mean age of
64.6 +3.3 years, and the STT group comprised nine females
and seven males with a mean age of 65.6 +2.6 years. When
the age, height, weight, BMI, education level, or TUG test
scores were compared for the groups, there was no statisti-
cally significant difference. The demographic data of all the
participants are presented in Table 2.

When the comparison of pre- and post-treatment evalu-
ation of the DTT group was done, there was a significant
difference in gait speed, cadence and step lengths, and cogni-
tive status in both single- and dual-task conditions (p <0.05).
In single-task conditions, there were significant differences
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in gait speed, cadence, and step lengths in the STT group
(p <0.05), and no differences were found in dual-task con-
ditions (p > 0.05). There was no significant difference in
cognitive status in the STT group (p > 0.05).

Delta (A) values were calculated to investigate the dif-
ferences between the groups after treatment. When these
were compared between the groups, the dual-task group was
better than the single-task group in gait speed, cadence, the
Standardized Mini-Mental State Exam scores, and 1st, 2nd,
and 3rd tests of the Stroop Test (p <0.05, Table 3).

Discussion

Many recent studies have been carried out on the fact that
dual-task training has beneficial effects on gait as well as
preventing falls in older individuals. However, each study
has implemented different protocols in terms of training
programs. This study was aimed at comparing the effects of
single- and dual-task training on gait and cognition among
healthy older individuals, which can be adjusted weekly
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[ Enrollment ]

Assessed for eligibility (n=37)

Excluded (n=0)

+ Not meeting inclusion criteria (n=0 )
+ Declined to participate (n=0 )

+ Other reasons (n=0 )

\ 4

Randomized (n=37)

A 4

—

Allocation L 4

Single Task Training Program (n=18)
+ Received allocated intervention (n=16)
«+ Did not receive allocated intervention (n=2)

Dual Task Training Program (n=19)
+ Received allocated intervention (n=17)
+ Did not receive allocated intervention (n=2)

! [

Follow-Up ] v

J

Lost to follow-up (n=0)

Discontinued intervention (n=0)

Lost to follow-up (n=0)

Discontinued intervention (n=1)

Analysis ] v

J

A\ 4 [
Analysed (n=16)
+ Excluded from analysis (n=0 )

Fig. 1 Participant flowchart

Table 2 Comparison of groups in terms of demographic data

Variables ST group DT group p value
(n=16) X+SD (n=16) X+SD

Age (year) 64.6+£3.3 65.6+£2.6 0.518

BMI (kg/cm?) 24.74+£3.68 25.05+3.44 0.637

Education (year) 12.7+3.6 14.0+2.5 0.371

TUG (s) 104+1.7 10015 0.290

ST single task, DT dual task, BMI body mass index, TUG timed up
and go test

according to the individual’s functional performance and
given one by one.

Analysed (n=16 )
+ Excluded from analysis (n=0)

The results of the study show that after applying dual-
task training, the cognitive status of healthy older indi-
viduals improved and gait performance increased in both
single- and dual-task conditions. After the STT, only gait
speed, cadence, and step lengths showed improvements in
the single-task conditions. The DTT group participants
were better than the STT group in terms of all parameters
except step lengths when the comparison of differences
was carried out between the groups. In the STT group, the
results were as expected which were that the gait perfor-
mance under the dual-task conditions and cognitive status
would not improve. In terms of gait parameters, DTT is
more beneficial in both single- and dual-task conditions.
The result of the study indicates that DTT which is based
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Table 3 Intra- and inter-group comparisons of balance and functional mobility before and after training

Variables STT group (n = 16) X + SD DTT group (n = 16) X + SD p value
Pre-training  Post-training Mean change (95% CI) Pre-training Post-training Mean Change (95% CI)
Gait speed;jg. 1.11+£0.18 122+0.19  0.11 + 0.06" 121+£0.10 1.38+0.08 0.17 + 0.06 0.022%
Cadencegne 1085+ 13.6 111.6+10.5 3.1 +5.07 1026 +9.5 110.5+89 7.9+ 3.0" 0.004*
Left step lengthgpe  0.66 £0.09  0.73+0.09  0.06 + L1t 0.70 £0.05 0.78 +0.11  0.07 + 0.10" 0.784
Right step lengthg,.  0.64 £0.08  0.69 +0.08  0.05 + 0.09" 0.68 +0.08 0.74+0.08  0.06 + 0.09" 0.272
Gait speedg,, 1.03+0.21 1.07+0.24 0.04 £0.14 1.08+120 1.32+1.11  0.24 +0.16" 0.001*
Cadencey,, 989+ 147 9B6+154 —-032+69 91.0+133 101.8+94 10.8 +6.8" 0.000*
Left step length,, 0.67+0.09 0.71+0.09 0.04 +£0.14 0.67+0.04 0.81+0.13 0.14 + 0.147 0.125
Right step lengthy,,;,  0.65+0.72  0.65+0.06 0.00 + 0.08 0.68 +£0.06 0.77x1.1 0.09 + 0.12" 0.006*
Stroop test (s)
1. Test 11.7+2.4 1.5+ 1.9 -022+1.7 115+£23 99+22 - 1.6 +1.5" 0.002*
2. Test 125+ 2.8 140+ 3.9 1.5+3.0 127+25 113+x21 - 1.3+ 1.0" 0.000*
3. Test 11.5+1.9 11.4+ 1.7 -011x+14 127+25 109+19 - 1.8+ 117 0.001*
4. Test 22.6 +4.0 21.1+3.8 -15+3.0 203 +4.1 187 x45 - 1.6 + 14" 0.059
5. Test 293 +5.6 28.3+6.7 -1.0+£3.6 280+£6.8 247+45 -33+39" 0.070
SMMSE total score  26.7 + 1.6 26.8 + 1.6 0.08 + 0.87 264 +096 287+1.6 2.5+ 1.67 0.000*

TUG timed up and go test, SMMSE standardized mini-mental state exam

p value refers to inter-group comparisons

TSignificant change in intra-group comparisons, Wilcoxon test

*Significant change in inter-group comparisons, Mann—Whitney U test

Bold values indicate p < 0.05

on simultaneously stimulating both cognitive processes
and motor skills such as gait may contribute more to the
development of motor performance. In other words, the
difference between the two models of training may be
due to the transfer of additional cognitive gains acquired
through DTT to motor performance. Many studies in the
literature support this outcome. There are studies show-
ing the association between cognitive performance and
gait in older individuals [21, 22]. While gait is defined as
an automatic motor task mainly, cognitive ability organ-
izes control over axial musculature and balance/posture
with bilateral upper and lower extremity movements and
integration of visual, vestibular, proprioceptive, and other
sensory feedback. Executive function and process speed
are cognitive areas associated with the spatio-temporal
gait parameters; especially, impaired executive function
causes a decrease in gait speed over time, thus leading to
gait dysfunction [23]. However, Falbo et al. [8] suggest
that effective executive function is not enough by itself to
improve the health and quality of life in older individuals;
hence, dual tasks similar to daily life activities, such as
gait performance under dual-task conditions, should be
developed together with executive function gait perfor-
mance under dual-task conditions, and by serving this pur-
pose, dual-task training would be an appropriate method of
maintaining health. Also, Rigoli et al. [24] described other
cognitive domains such as working memory and inhibitory
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control that have a positive association with motor coordi-
nation. In addition, some studies suggest that the executive
function responsible for the coordination of multitasking
could be quite improved in older individuals and the abili-
ties captured in training could transfer to a novel dual-task
[25-27]. According to Kramer et al. [25], DTT should be
consistently adjustable and individual through feedbacks
from participants’ performance during training sessions
and should include task priorities.

In the literature, group training has been used in studies
comparing STT and DTT in healthy older individuals [9, 10,
28]. Similar to this study, only one earlier study practiced
both individual training and cognitive tasks in the DTTs
personalized to the performance of participants on the basis
of the clinical assessment of the therapist. In that study,
evaluation of the results of DTT before and after the train-
ing showed that gait speed and stride lengths increased in
both single- and dual-task conditions, and also there was an
improvement in the cognitive performance of participants.
Single-task training was not used for the participants in that
study [29].

When considering the results of other comparative stud-
ies including group training in the literature, in the study by
Fraser et al. [28], gait performance improved in both STT
and DTT groups. In terms of gait performance, neither of
the training groups showed any superiority over the other.
The groups with cognitive training had higher score changes
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compared to those without [28]. Wollesen et al. [9] com-
pared STT and DTT in terms of gait performance in older
individuals and reported that gait performance improved,
while cognitive performance did not change. Also, the DTT
group had the most improvement in gait according to the
data of the study. In another DTT comparison study in older
individuals in regards to falling concern, Wollesen et al.
[10] demonstrated similar results. A progressive group
DTT including task-managing strategies (task switching and
task prioritization) was compared to a non-training control
group. Both intervention groups with and without concern
of falling showed a significantly improved gait performance
in single- and dual-task conditions. Also, cognitive perfor-
mance during walking showed no improvement in people
with the concern of falling. In the literature, there are dif-
ferences between the results of the comparative studies on
DTT, for which the main reasons can be related due to the
fact that different gait assessments were performed and dif-
ferent training protocols were applied. Unlike other studies,
the DTT applied in this study significantly improved both
gait parameters and cognitive ability. The reason for this
difference could be attributed to the delivery of individual
training and the implementation of a training model adapted
to the individual’s functional performance. There may be a
need for more individual training for the improvement of the
cognitive domains and gait performance. Supporting these
outcomes, Brum et al. [30], compared the efficiency of the
group and individual training working memory training on
working memory and other cognitive abilities. According to
the results of the study, individual training might be more
beneficial as the group training format may not be suitable
for participants with lower education because of the dual-
task nature of the training activity. However, Sherrington
et al. [12], who assessed the positive and negative effects of
exercise interventions for preventing falls in older individu-
als living in the community in a systematic review study,
did not detect any differences in the outcomes of individual
and group exercise interventions according to the analysis
of the study. There were no studies comparing the effects of
individual and group DTT in the literature.

One of the limitations of this study was that task switch-
ing and task prioritization were not used in training, because
they caused confusion for older individuals during training.
Other limitations were the -ample size of the training groups
and no blinding applied for the participants or the physi-
otherapist who supervised the training. Therefore, the risk
of bias for evaluations and training may have occurred. The
strength of the study is that it was a randomized-controlled
study, an individual progressive training program was deliv-
ered to the participants and providing guidance for forming
a DTT protocol with the purpose of improvement in gait and
cognition in older individuals.

As a result, individual progressive DTT is an effective
and useful method that improves gait performance and
cognitive skills among healthy older adults. It is proposed
to implement to maintain normal gait and cognitive func-
tion and prevent possible gait and cognitive disabilities for
healthy older individuals. Nevertheless, there is a need for
further studies comparing individual and group DTTs.
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