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Abstract

Background and Objectives: Given the growing elderly population and the importance of balance and gait in maintaining
functional independence and preventing falls, this study aimed to investigate the effect of a 6-week nine-square step exercise
protocol on gait components (step length, step width, step speed, and step rhythm) in older women. These components were
selected due to their critical role in mobility and fall risk.

Methods: Twenty-eight older women (aged 63 - 85 years) were randomly assigned to an experimental group (n = 14) or a
control group (n = 14) using a random number generator. Inclusion criteria included independent walking, adequate
vision/hearing, and no gait-affecting conditions; exclusion criteria included missing > 2 sessions or new physical issues. The
experimental group underwent a supervised 6-week nine-square step exercise protocol (3 sessions/week, 60 minutes/session),
while the control group continued daily activities. Gait components were assessed via a 6-meter walk test (5 repetitions),
analyzed using Kinovea software. Data were evaluated with an independent t-test for baseline comparisons and a 2 x 2 repeated-
measures ANOVA (P < 0.05).

Results: The experimental group showed significant improvements in step length, step speed, and step rhythm, with
significant group x time interactions. Step width showed a significant group effect (P = 0.027) but no significant time or
interaction effects.

Conclusions: The nine-square step exercise protocol effectively improves gait components in older women, supporting its use
in fall prevention programs. Limitations include the short intervention duration and single-gender sample.
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1. Background

The global and Iranian aging population is one of the
most significant demographic shifts of the present
century. According to the United Nations, by 2050, over
22% of the world’s population will be over 60 years old
(1). In Iran, with increasing life expectancy and declining
birth rates, the proportion of older adults in the
population is rising, posing new challenges for the
healthcare system (2). Aging is associated with a decline
in physical and motor abilities, which can impact
functional independence and quality of life (3).

Gait, as one of the most fundamental daily activities,
serves as a key indicator of mobility, functional
independence, and quality of life in older adults (4).
With aging, numerous physiological and neurological
changes occur, including reduced muscle strength,
impaired neuromuscular coordination, diminished
proprioception, and a decline in balance systems
(vestibular and visual), all of which directly affect gait
components such as step length, step width, step speed,
and step rhythm (5). These changes often lead to
unstable gait patterns, reduced movement efficiency,
and an increased step width as a compensatory strategy
to maintain balance (6). Such impairments significantly
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elevate the risk of falls, one of the most common and
serious issues among older adults (7). According to the
World Health Organization, over 37 million falls occur
annually among older adults, resulting in severe
injuries such as hip fractures, reduced confidence,
functional limitations, and even mortality (7). Older
women, due to physiological factors such as reduced
bone density, post-menopausal hormonal changes, and
greater lower extremity muscle weakness, are at a
higher risk of falls and related complications compared
to men (8). These issues not only threaten individual
independence but also impose a significant economic
and social burden on healthcare systems, underscoring
the need for preventive interventions (9).

Exercise interventions, particularly those focusing on
balance and coordination, have been recognized as
effective strategies for improving gait and preventing
falls in older adults (9). These exercises enhance lower
extremity muscle strength, improve proprioception,
and increase motor coordination, enabling older adults
to adopt safer and more efficient gait patterns (10).
Among these, the nine-square step exercise protocol,
rooted in traditional Thai culture, has gained attention
as a low-cost and engaging intervention (11). This
protocol involves rhythmic stepping in various
directions (anterior, posterior, lateral, and combined)
on a mat divided into nine squares, creating multi-
directional movement challenges that improve
dynamic balance, coordination, and muscle strength
(12).

Previous studies have confirmed the effectiveness of
nine-square step exercises in improving balance,
reducing fear of falling, and enhancing quality of life in
older adults (9, 10). For instance, Puttipaibool et al.
reported that these exercises improve physical fitness
and quality of life in older adults (10). Additionally, Asadi
Samani et al. demonstrated that square-stepping
exercises enhance postural balance and confidence in
older Iranian women (12). However, the specific impact
of this protocol on detailed gait components (step
length, step width, step speed, and step rhythm) in older
Iranian women remains underexplored.

2. Objectives

Given the prevalence of gait impairments in older
women and the need for accessible and engaging
interventions, this study aimed to evaluate the effect of
a 6-week nine-square step exercise protocol on gait
components in older women. It was hypothesized that
this intervention would lead to significant
improvements in gait components compared to the
control group. This study can contribute to the

development of evidence-based rehabilitation programs
in Iran and provide practical strategies for fall
prevention in older adults.

3. Methods

3.1. Study Design

This study was with a pre-test and post-test design,
conducted at the Barna Del Elderly Rehabilitation
Center in Babolsar, Iran. The study was approved by the
Ethics Committee of the Faculty of Sports Sciences and
Health at the University of Tehran (ethics code:
IR.UT.SPORT.REC.1402.035), and all participants provided
informed consent.

3.2. Subject

From the clients of the care center, 28 older women
(aged 63 - 85 years) who met the inclusion criteria were
selected. Inclusion criteria included the ability to walk
without assistive devices, adequate hearing and vision,
and no conditions affecting gait. Exclusion criteria
included unwillingness to continue, absence from more
than two training sessions, or the development of
physical issues. Participants were randomly assigned to
an experimental group (n =14) and a control group (n =
14) using a random number generator.

The sample size was calculated using G*Power
software (version 3.1.9.7). Assuming a medium effect size
(F = 0.25) based on similar studies (10, 12), a statistical
power of 0.80, an alpha level of 0.05, two groups
(experimental and control), and two measurement time
points (pre-test and post-test), the minimum required
sample size was estimated at 24 participants (12 per
group). Accounting for a 15% dropout rate, the final
sample size was set at 28 participants (14 per group).

3.3. Apparatuse and Task

Gait components were assessed using a 6-meter walk
test (5 repetitions) at pre-test and post-test. Two 12-
megapixel digital cameras, one positioned laterally and
the other posteriorly at a distance of 3 meters from the
walking path, recorded the participants’ movements.
Data on step length, step width, step speed, and step
rhythm were extracted using Kinovea software (version
0.9.5). The definitions of the measured components are
as follows.

3.3.1. Step Length

The longitudinal distance between the point of heel
contact of one foot with the ground and the subsequent
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heel contact of the same foot in one gait cycle, measured
in centimeters.

3.3.2. Step Width

The lateral distance between the center of the heels
of both feet during two consecutive contacts (one
complete step), recorded in centimeters.

3.3.3. Step Speed

The distance covered in one step (step length)
divided by the time between the heel contact of one foot
with the ground and the subsequent heel contact of the
same foot, calculated in meters per second.

3.3.4. Step Rhythm

The average number of steps taken by each
participant per minute, reported as steps per minute.

3.4. Procedure

The experimental group underwent the nine-square
step exercise protocol for 6 weeks (3 sessions per week,
60 minutes per session) (9, 10). Each session consisted of
15 minutes of warm-up, 35 minutes of square-stepping
exercises, and 10 minutes of cool-down. The exercises
were performed on a tatami mat divided into nine
squares, involving stepping in anterior, posterior,
lateral, and combined directions (10). From the fourth
week, more advanced patterns with diagonal
movements were introduced, designed to improve
balance and coordination in older adults based on
standard protocols (Appendix 1 in Supplementary File)
(9). The control group continued their daily activities
during this period.

3.5. Data Analysis

Data normality was confirmed using the Shapiro-
Wilk test. Baseline group comparisons were conducted
using an independent t-test, and the effects of the
intervention were analyzed using a 2 (group) x 2 (time)
repeated-measures ~ ANOVA.  Post-hoc  pairwise
comparisons were adjusted using the Bonferroni
correction, with a significance level of P < 0.05. Analyses
were performed using SPSS software (version 26).

4. Results
4.1. Demographic Characteristics and Descriptive Statistics

The demographic characteristics and baseline values
of gait components are presented in Table 1. No
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significant differences were observed between the
groups in terms of age, height, weight, or baseline gait
components (P> 0.05).

The results of the repeated-measures ANOVA are
presented in Table 2. The detailed effects are as follows.

4.11. Step Length

The main effect of time (F = 7.12, P = 0.009) and the
group x time interaction effect (F = 5.23, P = 0.028) were
significant, but the main effect of group was not (P =
0.520). The mean step length in the experimental group
increased from 64.91 + 8.26 cm to 107.57 £ 16.18 cm (P <
0.01), while the control group showed no significant
change (94.78 £ 13.67 cm to 96.28 £ 13.08 cm, P > 0.05).
This finding indicates that the nine-square step protocol
specifically improved step length in the experimental

group.

4.1.2. Step Width

The main effect of group was significant (F=5.34,P =
0.027), but the main effect of time (P = 0.179) and the
group x time interaction effect (P = 0.056) were not. The
mean step width in the experimental group decreased
from 10.44 + 3.87 cm to 7.40 + 2.78 cm, while the control
group increased from 11.30 £ 3.20 cm to 11.86 + 5.04 cm.

4.1.3. Step Speed

The main effect of time (F = 15.67, P < 0.001) and the
group x time interaction effect (F =14.89, P < 0.001) were
significant, but the main effect of group was not (P =
0.518). The mean step speed in the experimental group
increased from 1.23 + 0.34 m/s to 1.89 + 0.50 mfs (P <
0.001), while the control group showed no significant
change (1.44 + 0.40 m/s to 1.49 + 0.41 m/s, P > 0.05). This
indicates that the nine-square step protocol specifically
improved step speed in the experimental group.

4.1.4. Step Rhythm

The main effect of time (F =16.45, P < 0.001) and the
group x time interaction effect (F =15.12, P < 0.001) were
significant, but the main effect of group was not (P =
0.708). The mean step rhythm in the experimental
group increased from 44.80 * 5.28 steps/min to 53.46 +
4.93 steps/min (P < 0.001), while the control group
showed no significant change (48.70 + 5.96 steps/min to
48.05 * 6.92 steps/min, P > 0.05). This suggests that the
nine-square step protocol specifically improved step
rhythm in the experimental group.

For a graphical representation of the comparison of
gait component means between groups at pre-test and
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Table 1. Descriptive Statistics of Demographic Characteristics and Baseline Gait Components *
Variables Experimental Group (N=14) Control Group (N =14) P-Value
Age (y) 68.35%3.15 68.92+5.74 0.762
Height (cm) 16137+ 6.39 164.33£5.68 0.231
Weight (kg) 70.91+5.22 7716+ 6.13 0.071
Step length (cm) 64.91+8.26 94.78 +13.67 0.082
Step width (cm) 10.44 +3.87 11.30 +£3.20 0.573
Step speed (m/s) 123+0.34 1.44+0.40 0.196
Step rhythm (steps/min) 44.80+5.28 48.70 £5.96 0.108
2 Values are expressed as mean + SD.
Table 2. Results of Repeated-Measures ANOVA for Gait Components
Variables Main Effect of Group Main Effect of Time Group x Time Interaction
F P F P F P
Step length 0.41 0.520 712 0.009 5.23 0.028
Step width 534 0.027 1.89 0.179 3.92 0.056
Step speed 0.43 0.518 15.67 <0.001 14.89 <0.001
Step rhythm 0.14 0.708 16.45 <0.001 15.12 <0.001

post-test, refer to Appendix 2 in Supplementary File.

5. Discussion

This study examined the effect of a 6-week nine-
square step exercise protocol on gait components in
older women, revealing that the intervention
significantly improved step length, step speed, and step
rhythm, while step width showed a trend toward
reduction but did not reach statistical significance for
the interaction effect. These findings align with previous
research confirming the effectiveness of balance and
coordination  exercises in  enhancing motor
performance and preventing falls in older adults (9, 10).
Improvements in step length, step speed, and step
rhythm indicate enhanced movement efficiency and
stability, which are critical for maintaining functional
independence and reducing fall risk in older adults (6,
13). Specifically, an increased step length reflects the
ability to cover greater distances with less energy
expenditure, which is crucial for daily activities such as
walking, shopping, or performing household chores
(13). Enhanced step speed not only improves movement
efficiency but also indicates greater confidence in
performing faster movements, such as reacting to
obstacles or crossing the street, potentially reducing fall
risk in real-world situations (6). The increase in step
rhythm, likely due to the multi-directional and
rhythmic nature of the nine-square step exercises,

enhances neuromuscular coordination and promotes
more regular movement patterns (11). These results are
consistent with Puttipaibool et al, who reported
improvements in physical fitness and quality of life (10),
and Asadi Samani et al., who demonstrated increased
balance and reduced fear of falling in older Iranian
women (12). However, Tachil and Thomas did not report
significant improvements in step rhythm, possibly due
to differences in intervention intensity, duration,
sample characteristics, or measurement methods (14).
These discrepancies highlight the need for more
detailed investigations into exercise protocols and
contextual factors such as age, baseline activity levels, or
physiological conditions.

The increased step length and step speed in the
experimental group further underscore the
improvement in gait efficiency and stability, which are
essential for maintaining functional independence and
reducing fall risk in older adults (6). A longer step
length implies the ability to cover more distance with
less energy, which is significant for daily activities like
walking or household tasks (13). Improved step speed
reflects increased confidence and the ability to perform
faster movements in real-world conditions, potentially
aiding in fall prevention during challenging situations
such as crossing the street (6). The enhanced step
rhythm indicates improved neuromuscular
coordination and more rhythmic movement patterns,
likely attributable to the multi-directional and rhythmic

] Motor Control Learn. 2025; 7(2): 162824
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nature of the nine-square step exercises (11). These
findings are in line with Puttipaibool et al., who
reported improved physical fitness and quality of life
(10), and Asadi Samani et al., who showed enhanced
balance and reduced fear of falling (12). However, Tachil
and Thomas found no significant improvement in step
rhythm, possibly due to differences in protocol design
or intervention duration (14).

The lack of a significant interaction effect for step
width may be attributed to the short intervention
duration (6 weeks) or individual differences in baseline
gait patterns. Older adults often exhibit a wider step
width as a protective strategy to compensate for
instability (6). The main effect of group on step width
suggests that the intervention may have shifted toward
a narrower, more efficient gait pattern, but longer or
more intense interventions may be required to achieve
sustained and significant changes. This finding differs
somewhat from Dejvajara et al, who reported a
reduction in step width after 12 weeks of nine-square
step exercises, indicating that intervention duration
may be a key factor in this discrepancy (9).

From a physiological perspective, improvements in
gait components can be attributed to strengthened
lower extremity muscles (e.g., quadriceps and
hamstrings), enhanced proprioception, and increased
neuromuscular coordination (8). The nine-square step
exercises, by simultaneously stimulating balance
systems (vestibular, visual, and proprioceptive),
improve dynamic stability and gait efficiency (3).
Additionally, the rhythmic and group-based nature of
these exercises may enhance participant motivation and
adherence, a common challenge in exercise programs
for older adults (11). This aspect is particularly relevant
for older Iranian women, who may be less likely to
engage in physical activities due to cultural or social
factors.

It is noteworthy that the nine-square step protocol is
a low-cost, safe, and feasible intervention that can be
effectively incorporated into rehabilitation programs
for older adults. Improvements in gait components,
particularly step length, step speed, and step rhythm,
confirm the potential of this exercise to reduce fall risk,
enhance functional independence, and improve quality
of life in older women. Due to its minimal equipment
requirements (a tatami mat) and the ability to be
implemented in small groups, this protocol is highly
suitable for use in low-resource settings, such as day
care centers or rural areas in Iran (10). Physiotherapists
and rehabilitation specialists can utilize this exercise as
part of comprehensive fall prevention programs,
particularly for older women at risk of mobility decline.

] Motor Control Learn. 2025; 7(2): 162824

The engaging and social nature of these exercises,
enhanced through group implementation, can improve
participation and adherence among older adults, a
critical factor in the success of exercise interventions
(11). This is particularly significant in the cultural
context of Iran, where group activities can enhance
social motivation.

To expand on these findings, future research should
explore longer exercise protocols (12 weeks or more) to
assess more sustained effects, particularly on step
width. Including more diverse samples, such as older
men or individuals with specific conditions (e.g.,
osteoporosis or Parkinson’s disease), could enhance the
generalizability of the findings. Additionally, examining
non-motor outcomes such as quality of life, confidence,
or cognitive function, as well as postural variability,
could provide a more comprehensive understanding of
the intervention’s effects. Comparing the nine-square
step protocol with other exercise interventions, such as
resistance training, Tai Chi, or yoga, could further clarify
its unique benefits (7). Evaluating the long-term effects
and adherence to this exercise in real-world settings,
such as nursing homes or day centers, is also essential
for practical application. The use of more advanced
tools, such as motion sensors or gait analysis platforms,
could provide more precise data on gait patterns and
contribute to improving intervention design.

The study’s limitations include the short
intervention duration (6 weeks), lack of precise control
over participants’ daily activities, and the potential
influence of individual physiological factors (e.g.,
medication use, nutritional status, or fatigue). The
single-gender sample also limits generalizability to
older men. Additionally, the study did not examine the
long-term effects of the intervention or non-motor
outcomes such as quality of life, confidence, or cognitive
function. Furthermore, the relatively small sample size
(n = 28) may have limited the ability to detect small
changes in certain variables (e.g., step width).

5.1. Conclusions

The 6-week nine-square step exercise protocol
significantly improved step length, step speed, and step
rhythm in older women. These findings highlight the
potential of this low-cost, engaging, and safe
intervention to enhance gait performance, reduce fall
risk, and improve functional independence in older
women. Given its ease of implementation, minimal
equipment requirements, and group-based nature, this
protocol can be integrated into community-based
rehabilitation programs in Iran and other low-resource
settings. Physiotherapists, elderly care centers, and
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health policymakers should consider incorporating
these exercises into fall prevention and health
promotion programs for older adults.

Supplementary Material

Supplementary material(s) is available here [To read
supplementary materials, please refer to the journal
website and open PDF/HTML].
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