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Abstract

Background: Walking performance is often impaired by both cognitive and motor tasks, especially in the el-
derly. These tasks result in reduced speed, longer strides, and increased variability in stride length. Cognitive
methods, including attentional tactics, self-instruction strategies, or external cues, can improve gait. This study
aims to determine the effect of dual training and analogy training on gait speed and balance in older adults.
Methods: This three-arm, parallel, single-blind, randomized control trial was conducted, 116 participants
were screened out of which 69 individuals (aged 60-75 years) were allocated into 3 groups with the allocation
ratio of (1:1:1), group A dual task training, group B analogy training, group C control group. Training sessions
lasted 45 min, 3 days per week for 4 weeks. For assessment, the time up and go test, modified fall efficacy
scale, activity specific balance confidence scale, 10-meter walk test and Tinetti performance-oriented mobility
assessment scale were performed before and after.

Results: The Mann-Whitney U test was used to determine the difference between groups, and the Wilcoxon
sign rank test was used for within-group analysis. Time up and go test shows significant improvement in group
A (P = 0.02). The 10-meter walk test shows significant improvement in preferred walking speed, maximum
walking speed, and activity confidence in group B (P = 0.0001).

Conclusion: This study concludes that analogy training was superior to dual-task training and the control
group and can be used as an effective mode of gait rehabilitation to improve gait speed and balance in the el-
derly. Analogy training and dual-task training can be used for gait rehabilitation in older adults.
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reorganization of brain networks [1]. The global preva-
lence of falls was 26.5%, with Oceania—which includes
nations such as Australia, New Guinea, Papua, Samoa
and others—having the highest prevalence at 34.4%. Ac-
cording to the 2011 census, 104 million Indians are over
the age of 60, or about 8.6% of the population [2]. Fall
risk factors associated with healthy aging include intrinsic
factors such as loss of skeletal muscle mass, muscle fiber
atrophy resulting in a decrease in muscle cross-sectional
area, neuromuscular changes such as motor neuron loss,
and axonal nerve conduction velocities that slow with
age. Reduced terminal sprouting can lead to a decreased
process of re-innervation of muscle fibers, reducing motor
unit recruitment. Extrinsic factors such as lighting, floor-

Introduction

According to the World Health Organization (WHO),
healthy aging is the process of acquiring and maintain-
ing the functional abilities necessary for well-being in old
age [1]. Effective aging, with less cognitive decline and
comparatively greater well-being, is made possible by the
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ing, and furniture can create obstacles to walking and lead
to falls [3]. As age progresses, it also affects cognition and
the domains of cognition, which are orientation, attention,
memory, communication, and executive function. Work-
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ing memory, processing speed, attention span, executive
control, and episodic memory can all be affected by aging.
This can lead to deficits in working memory and process-
ing speed. This can also affect an older adult's gait. Age-
related impairments in neuromuscular, sensory, and cog-
nitive abilities complicate the complex task of walking.
Executive function can be described as task performance,
which includes memory, and cognitive planning, which
includes active problem solving and working memory.
Evidence from Andre Mojitola et al. suggests that execu-
tive function capacity declines with age, as assessed by
inhibition, shifting, and dual-tasking in young adults [4-
6]. Cognitive-motor and motor dual activities are essen-
tial in daily life. However, previous studies have shown
that attempting to balance two tasks simultaneously can
negatively affect gait. Studies also show that when older
adults with a history of pain and cognitive impairment
are unable to perform cognitive-motor tasks, single-task
exercises with minimal cognitive demands can improve
speed and balance. The practice of teaching specific con-
cepts through multiple iterations of task-specific exercises
to improve task performance is a fundamental principle of
motor learning and can be incorporated in healthy individ-
uals. It has been suggested that single-task training may
not be as effective as dual-task training in improving dual-
task performance in healthy older adults. When introduc-
ing a new topic and providing background information
about it, analogy may occur. According to Zhu, Poolton,
and Wilson Hu, et al., analogy learning makes information
processing easier and more efficient, but it can also lead to
a decrease in verbal-cognitive regulation of movement. In
traditional learning formats, practice sometimes requires
the conscious application of explicit instructions or guide-
lines, which can be neither easy nor effective [7, 8]. After
receiving analog training, Parkinson's patients improved
their walking ability. These benefits were seen in dual-
task cognitive (counting backwards) and motor (carrying
a tray) scenarios, in addition to a simple walking test.
Melanie Kleynen's study found that analog training also
significantly changed stride speed, stride height and stride
width in stroke patients [9]. Both cognitive and motor
demands affect gait performance, resulting in slower gait,
longer strides, and greater stride length variability, espe-
cially in the elderly population. This can lead to reduced
functional mobility and quality of life, falls, and low self-
esteem. Cognitive techniques such as attentional tactics
(self-generated with an internal focus), self-instructional
strategies, or external cues (visual, tactile, or auditory)
can help improve gait. The combination of cognitive and
physical learning approaches can improve working mem-
ory, processing speed, and multitasking ability. In order
to develop effective therapeutic interventions for future
fall prevention programs, it is essential to investigate the
potential effects of dual-task analogy training on rehabili-
tation outcomes. Therefore, the purpose of this study was
to determine how dual-task analogy training affects gait
speed and balance in older adults.

Methods

Study design: Randomized controlled trial.

Study setting: This study was conducted in Dr. D.Y. Patil
College of Physiotherapy, Pimpri, Pune between Septem-
ber 2023 and January 2024.

Study population: The population for this study is older
adults between the age of 60-75 years old.

Sampling method: purposive sampling.

The inclusion criteria were:

1. Both male and female will be included

2. Subject above 60-75 years, Montreal cognition assess-
ment with 26-30 for normal cognition

3. Tinetti’s performance-oriented mobility assessment
scale (POMA) score higher than 19 out of 28

4. Time up and go test score less than 20 sec

The exclusion criteria were:

1. Neurological impairments

2. Recent fractures

3. Visual impairments which cannot be corrected by glass
4. Vestibular impairment

5. Use of assistive device (cane, walker)

6. Cognitive impairments

7. Presence of artificial prosthesis

Data collection

The sample size was calculated by estimating the preva-
lence rate. Given that the prevalence of falls in older
adults was 23%, an acceptable difference of 10% with a
95% confidence interval, and a power of 80%, the sample
size was calculated to be 69 (23 in each group).

Ethical approval was obtained from the Institutional
Review Board number DYPCPT/ IEC/37/2023. The
Clinical Trial Registration India (CTRI) number was
CTRI1/2023/05/053338. Subjects were screened, screened
and enrolled with written informed consent and informed
subject explanation form in their respective languages.

Data collection procedure and instrumentation

The 116 subjects were screened and 69 participants who
met the inclusion and exclusion criteria were enrolled in
the study (Figure 1). The purpose, benefits, and nature
of the study were explained to the participants. Written
and verbal informed consent was obtained from all par-
ticipants prior to enrollment. Based on the inclusion and
exclusion criteria, participants were randomly divided into
3 groups with an allocation ratio of (1:1:1) by computer-
ized randomization: group A-dual task training, group B-
analogy training, and group C-control group based on
exclusion and inclusion criteria.

Treatment protocol

The intervention lasted 4 weeks in total (Table 1 and 2).
During this time, participants were trained in the order of
their group: dual-task training, analogy training, control
group. In the first two weeks, Group A and Group B, the
protocol was for a duration of 40 minutes with 10 minutes
of warm up, 20 minutes of walking protocol with subse-
quent breaks followed by 10 minutes of cool down. Group
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Assocated to dual task training (n = 23)

Underwent assessment (n = 23) ‘

Received treatment (n = 20)

Assesed for eiligibility (n = 116)

Excluded (n =47)
Did not meet the criteria = 38
Refused to Participate (n = 9)

Randomised (n = 69)

_\\

Allocated to analogy training (n = 23) Allocated to control group (n = 23)

"f’_,..rf -‘HM‘“R

L
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Underwent assessment (n = 23) Underwent assessment (n = 23)

Received treatment (n = 19)

Discontinued treatment (1 = 3) Discontir.lued treatment (n = 4) Recei\./ed treatment (n = 20
[subject have to go out oftown] [Due to subject went out of town (2) Discontinued treatment (n = 3)
ilness(2)]
Underwent assessment (n = 20) Underwent assessment (1 = 19) Underwent assessment (n = 20)
Analysed (n = 20) Analysed (n=19) Analysed (n = 20)

Figure 1. Consort chart.

A and B participants were supervised throughout the ses-  and post-intervention.

sions to ensure safety. Group C was asked to continue = Walking speed is assessed using the 10-meter walk test,
with their daily walking routine. Sessions were stopped at  balance and mobility using Tinetti's Performance Oriented
any time during the procedure, taking into account the ter-  Mobility Assessment (POMA) scale, dynamic balance us-
mination criteria. Assessment was done per-intervention  ing the timed up & go test, fear of falling using the Modi-
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Table 1. Dual task training 4 week (Total session - 12 sessions). =
N
Sessions Protocol Ilustration eS|
A% A 9

1¥ week 3 sessions/week ~ Walk with counting backwards. ’ i

>
>

nd . . . . .
2" week 3 sessions/week ~ Walk with counting backwards, obstacles walking, speed alterations. ‘:I' L=y T — ‘
3" week 3 sessions/week  Walk with counting backwards, zig-zag patterns, speed alteration. { |[|I".-i_‘? —
A'A A, A A
"\-\_,-?L
4" week 3 sessions/week ~ Walk with counting backwards, figure of 8 patterns, speed alteration.

Table 2. Analogy training 4 week (total session—12 sessions).

Sessions Protocol Hlustration
1* week 3 sessions/week Walk as if you follow foot prints.
™
F 3 & &
2" week 3 sessions/week Try to cross a small bridge.
A A A
3" week 3 sessions/week Walk as if you are crossing the signal on road.

-..|:.__|
[
>
[

4" week 3 sessions/week Walk imagining you are kicking a football in front of you.
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Table 3. Baseline demographic data.

Characteristics Dual task (mean £ SD)  Analogy training (mean + SD) Control group (mean + SD) P value
Age, years 63.75 +3.768 64.89 + 4.829 63.45+0.857 0.50
Gender ?Ae?ﬁlf 12 i\:/t[;rll(:lel,lg 2/211121;0 10 0.06
Height, cm 156.10 + 6.091 155+5.470 158.20 + 7.082 0.24
Weight, kg 64.51 +5.332 63.14 £ 4.423 63.67 £ 6.957 0.73
BMI, kg/m2 26.49 +2.058 26.37 +2.528 25.50+3.125 0.11
MoCA 28.90 + 0.850 28.95+0.911 29.10 +£ 0.852 0.61

Note: Table 3 shows the mean with standard deviation of age, gender, height, weight, BMI, MOCA in dual task (group A), analogy training (group B),

control group (Group C).

fied Fall Efficacy Scale, and confidence in performing the
activity using the Activity Specific Balance Confidence
Scale.

Statistical analysis

Data were analyzed using the SPSS 26.0 statistical pack-
age (SPSS Inc., Chicago, IL, USA), and the significance
level was set at P < 0.05. Descriptive statistics were
used to evaluate the mean and standard deviation of each
group. Normality of the data was assessed using the
Shapiro-Wilkinson test. Inferential statistics to determine
within-group differences were performed using the Krus-
kal-Wallis test followed by the Bonferroni post hoc test.
Between-group analysis was performed using the Mann-
Whitney U test. The chi-squared test was used to analyze
differences in proportions.

Results

Statistical software SPSS 26.0 (SPSS Inc., Chicago, IL,
USA) was used to analyze the data, with a significance
threshold of P < 0.05. Descriptive statistics were used to
evaluate the mean and standard deviation of each group.

Nonparametric tests are used for the study because Table
3 shows the mean deviation of baseline data for age, sex,
height, weight, BMI, and MOCA score. The Shapiro-
Wilkinson test for normality showed a significant differ-
ence (P < 0.05) between the mean and standard deviation
of age.

The mean and standard deviation of the pre and post
timed up and go test scores for each of the three groups
are shown in Table 4. Nonparametric tests are used for
analysis because the Shapiro-Wilkinson test for normality
showed a significant difference (P < 0.05). For 'TUG, the
between-group analysis showed statistically significant
differences for both pre- and post-intervals (P < 0.05).
Bonferroni post hoc test showed a significant difference
between all pairwise groups except Dual task vs. Analogy
(P > 0.05) in the 'Pre' interval. According to the within-
group analysis, there was a significant decrease (P < 0.05)
in Analogy and dual task between Pre and Post. Dual task
> Analogy > Control (highest to lowest) is the observed
mean difference (Pre-Post).

The data in Table 5 did not follow a normal distribution.
Therefore, the analysis was performed using non-paramet-
ric tests. For "preferred walking", a statistically significant

Table 4. Pre and post mean and SD of outcome measures with statistical analysis.

Time up and go test Pre (Second) Post (Second) Mann Whitney U test P value Mean difference
Group A 14.41 +3.34 11.47 +£3.61 2.45 0.001” 2.94+3.47
Group B 12.69 +£2.22 11.41 £ 1.57 2.10 0.04" 1.28 £1.89
Group C 9.61 £1.11 9.39+£1.05 0.64 0.52 (N.S.) 0.22+1.08
P value (Kruskal Wallis test) 0.0001" 0.0001"
Avs.B 0.06 0.02"
P value (Bonferroni post hoc test) ~ Avs. C 0.0001" 0.0001*
Bs.C 0.0004" 0.02"
Poma Pre Post Independent test P value Mean difference
Group A 2585+ 1.77 26.5+1.36 1.30 0.20 (N.S.) 0.65+1.56
Group B 26.37+1.26 27.05+0.89 1.97 0.05 0.68 £1.01
Group C 27.3+1.01 27.3+1.01 0.01 0.99 (N.S.) 0=+1.01
P value (Kruskal Wallis test) 0.005" 0.07
Avs.B 0.46 0.26
P value (Bonferroni post hoc test) A vs. C 0.004" 0.06
Buvs.C 0.09 0.75

Note: "P < 0.05 is statistically significant. N.S., Not significant.
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Table 5. Pre and post comparison of preferred walking speed and ‘maximum walking speed’.

10-meter walk test (maximum

walking speed) Pre Post Mann Whitney U test P value Mean difference
Group A 0.92+0.10 0.98 +0.13 1.63 0.11 (N.S.)  0.06+0.11
Group B 1.02+0.13 1.22+0.21 3.62 0.0009" 0.2+0.17
Group C 1.03+0.16 1.07+0.16 0.79 043 (N.S.) 0.04+0.16
P Value (Kruskal Wallis test) 0.01° 0.0002"
Avs.B 0.05 0.0001"
P value (Bonferroni post hoc test) Avs.C 0.02" 0.22
Bvs. C 0.96 0.0
:v(;-lrlr(lient;rs;?:;:lk (A (1D O Pre Post Independent test P value Mean difference
Group A 0.82 +0.08 0.81 +0.08 0.39 0.69 (N.S.)  0.01+0.08
Group B 0.87+0.10 1.07+0.21 3.84 0.0004" 1.94 +0.15
Group C 0.92+0.13 0.93+£0.13 0.24 0.80 (N.S.))  0.01+0.13
P value (Kruskal Wallis test) 0.017 0.0001"
Avs.B 029  0.0001"
P value (Bonferroni post hoc test) Avs. C 0.01" 0.03"
Bvs. C 029 0.0l

Note: "P < 0.05 is statistically significant. N.S., not significant.

difference was found between the groups for both the
pre- and post-intervals (P < 0.05). A 10-meter walk test
was used to compare walking speeds between and within
groups. The mean and standard deviation of the pre and
post values for all three groups are shown. The normality
test, Shapiro-Wilkinson, showed a significant difference
(P < 0.05), so the analysis was performed using non-para-
metric tests. The Kruskal-Wallis test for between-group
analysis showed a statistically significant difference for
"preferred walking" for both pre- and post-intervals (P <
0.05). The Mann-Whitney U test for within-group analy-
sis showed a significant difference (P < 0.05) between Pre
and Post for the analogy group only. The observed mean
difference (Pre-Post) is shown below: Analogy > Dual
task = Control (highest to lowest).

The results of the between and within group analyses for
the Activity-Specific Balance Confidence Scale are shown
in Table 6. A significant difference (P < 0.05) was found
using the Shapiro-Wilkinson normality test. Therefore,

the tests are nonparametric. A statistically significant dif-
ference (P < 0.05) was found for both the Pre and Post
periods according to the Kruskal-Wallis test for between-
group analysis. With the exception of Dual task vs. Anal-
ogy and Analogy vs. Control (P > 0.05) in the Pre interval
and Dual Task vs. Control in the Post interval, the Bonfer-
roni post hoc test revealed a significant difference between
all pairwise groups. Only the Analogy group showed a
significant difference between Pre and Post (P < 0.05)
when analyzed within groups using the Mann-Whitney U
test. The mean difference (Pre-Post) was as follows: Anal-
ogy > Dual task > Control (highest to lowest).

Discussion

We investigated the effects of dual-task and analogy train-
ing on balance and gait speed in older adults. Participants
reported 34% of falls in the dual task training (DT) group,

Table 6. Pre and post comparison of comparisons activity—specific balance confidence scale.

Pre Post Independent T test P value Mean difference
Group A 0.78 +0.05 0.80 + 0.06 1.14 0.25 0.02 +0.05
Group B 0.83 +0.06 0.86 + 0.05 1.71 0.09 0.03 +0.05
Group C 0.82 +0.04 0.82 +0.04 0.01 0.99 0+0.04
P value (Kruskal Wallis test) 0.006 0.001°
Avs. B 0.007°  0.001"
P value (Bonferroni post hoc test) Avs.C 0.04° 0.43
Bvs.C 0.80 0.04"

Note: P < 0.05 is statistically significant.
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21.7% in the analogy group (AG), and 26% in the control
group.

The TUG time for each participant in the dual-task train-
ing was less than 13.5 seconds, indicating a lower risk
of falling. It is possible that the TUG increased during
dual-task training because they already had more time
to complete the test, and dual-tasking has been shown to
affect frontal lobe activation, which can increase cogni-
tive load in older people [10]. Dual-task training tests the
somatosensory system by transmitting postural informa-
tion from muscle and joint proprioceptors to the primary
somatosensory brain. This sensation provides information
about the relative orientation and movement of the body
in relation to the supporting surface [11]. The vestibular
system is very sensitive to angular and linear acceleration
of head position, which is also a challenge during the dual
task of zig-zag and figure-8 pattern walking. The visual
stimulation required to overcome obstacles during walk-
ing has also helped to improve postural stability during
gait. Marcelo, Paula, and Pamala ef al. suggest that dual-
task training helps to improve static and dynamic balance
in older adults [11].

Dual-task training uses focal vision to locate the visual
stimulus, while analogy training focuses on the surround
vision in which the unconscious stimulus was used. Re-
search by Kitchana and Phongphat et al. found that an
audio-visual cue affected walking speed in both healthy
older adults and those with balance problems. The find-
ings suggest that audio-visual cues can be used to encour-
age healthy lifestyle choices in older people with balance
problems [12, 13].

Preferred walking and maximal walking were found to
be significantly improved by analogy training because it
reduces cognitive demands during training. Experiments
have shown that explicit motor learning (dual-task train-
ing) can impair walking performance, which can lead to
limiting walking speed and hindering walking activity. In
this study, they also found that counting numbers back-
wards decreased walking speed.

The Activity Specific Balance Confidence Scale is a struc-
tured questionnaire that measures an individual's confi-
dence in performing ambulatory activities without falling.
In this study, the ABC scale was found to be significantly
improved by analogy training over dual-task training.
Subjects reported a significant increase in confidence after
analogy training because analogy training involved every-
day environmental stimuli. The use of familiar analogies
in gait rehabilitation helps to reduce working memory
while walking, which leads to improved confidence and
reduced risk of falling while walking. These goals can be
achieved by using analogy in gait rehabilitation and im-
proving subjects' confidence.

In this study, Tinetti's POMA scale was used to assess
stability and balance. Therefore, the statistical analysis
shows statistically significant results within the AG than
DT and control group. However, there was no statistical
significance between the three groups. The POMA scale
assesses both mobility and balance in subjects in this
study; the population included had good balance and mo-

bility. The control group was advised to perform a daily
walking routine at home, and it was found that the control
group showed no significant changes compared to the
analogy training and dual-task training.

Both types of training are inexpensive and easy to imple-
ment in the physical therapy setting. Dual-task training
can be used with older subjects at lower risk of falling,
while analogy training can be used with subjects at high
risk of falling. The initial phase of gait training, where
training can begin with less working memory and these
challenges can be progressively increased, also helps to
improve confidence in the early stages, then more chal-
lenging dual-task training can be planned to improve the
cognitive-motor dual-task with training that focuses on
a targeted specific task with a cognitive task. Dual-task
training and analogy training can also be used as a preven-
tive training strategy in geriatric rehabilitation to prevent
older adults from losing their balance and to improve gait.
This study had the following limitations. First, the dura-
tion of the study was limited. Second, the protocol for
both dual-task training and analogy training was delivered
by the same instructor. Third, health outcomes were not
assessed beyond 30 days after the sessions. Finally, the
small sample size may limit the generalizability of our
findings to other populations. Therefore, long-term studies
should be conducted to determine the effect of this train-
ing, two different trainers should implement the protocol
for the dual-task and analogy training groups, and a large
sample size should be used.

Conclusions

This study concludes that analogy training was superior to
dual-task training and the control group and can be used
as an effective form of gait rehabilitation to improve gait
speed and balance in older adults.
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