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Abstract

This study investigated the effects of an 8-week Square-Stepping Exercise (SSE) program
on lower-extremity muscle function and cognitive function in pre-frail older women.
Sixty pre-frail older women aged 65 years and older were assigned to either an exer-
cise group (n = 30) or a control group (n = 30). The SSE program was performed twice
weekly for 60 min over 8 weeks. Functional mobility was assessed using the Time Up and
Go (TUG) test, balance using the Berg Balance Scale (BBS), lower-extremity muscle strength
using the 30 s Chair Stand Test, and cognitive function using the Mini-Mental State Exami-
nation (MMSE). Measurements were obtained at baseline, week 4, and week 8. Significant
group × time interactions were observed for TUG (p < 0.001), lower-extremity muscle
strength (p < 0.05), and MMSE (p < 0.001). The exercise group showed significant improve-
ments in TUG, BBS, muscle strength, and MMSE values, whereas the control group showed
no significant changes except for a slight change in TUG. TUG was significantly corre-
lated with balance, muscle strength, and cognitive function. These findings suggest that an
8-week SSE program may improve selected physical function measures and global cognitive
status, as assessed by the MMSE, in pre-frail older women.

Keywords: square-stepping exercise; pre-frail; older; women

1. Introduction
As China’s population continues to age at an accelerating pace, the country was

classed as possessing an aging society in 2022. According to statistics, the proportion of
the population aged 65 and older in China reached 12.6% in 2019, the elderly population
increased to 248 million in 2020, and it is projected to reach 300 million by 2025, marking
China’s transition into a super-aged society [1]. Consequently, the accelerated pace of aging
has made the decline in physical and cognitive function among the elderly a significant
public health issue. From a physiological perspective, aging leads to the deterioration
of physical functions, resulting in a decline in balance, reduced muscle strength, lack
of muscular endurance, and decreased bone density. From this perspective, one of the
most common problems arising from the weakening of physical function in the elderly is
falls. In China, as the population ages, falls have become a leading cause of injury-related
deaths among older adults aged 65 and older [2]. Between 12% and 42% of older adults
who experience a fall sustain injuries, which primarily include soft tissue injuries, joint
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dislocations, fractures, and head injuries. It is reported that 50% of older adults who have
experienced a fall are at high risk of re-injury.

Frailty is defined as a clinically identifiable state of vulnerability that may reflect the
heterogeneity of health status among older adults [3,4]. It is primarily used to describe
chronic health problems in older adults aged 65 and older, specifically referring to a clinical
syndrome resulting from increased individual vulnerability and a reduced ability to main-
tain homeostatic balance. This syndrome increases the risk of falls, cognitive impairment,
hospitalization, disability, and death, and can lead to a decline in quality of life, limitations
in activities of daily living, and economic and healthcare burdens on the patient’s family
and society [5]. In particular, the pre-frail stage is a reversible state between health and
frailty; if appropriate interventions are implemented during this period, the progression
to functional decline and frailty can be effectively prevented [6]. According to previous
studies, older adults in the pre-frail stage are at high risk of reduced lower limb muscle
strength, balance, and mobility, as well as cognitive decline, which are reported to be major
factors contributing to an increased risk of falls and functional dependence [5]. From a
cognitive perspective, a decline in cognitive function and a gradual reduction in attention
and memory are observed in older adults, which increases the likelihood of developing
conditions such as senile dementia. The Chinese Geriatrics Society has recommended defin-
ing the pre-elderly as those aged 45–59 and the elderly as those aged 60 and older, based
on China’s specific circumstances [7]. Therefore, sufficient attention must be paid to the
health issues of the elderly. Recent evidence suggests that appropriately prescribed exercise
interventions are among the most effective non-pharmacological strategies for improving
frailty status and physical function in older adults. Exercise programs incorporating bal-
ance, strength, mobility, and multicomponent training have been shown to attenuate frailty
progression and improve functional capacity in older populations, supporting exercise as
a key intervention during the pre-frail stage when functional decline remains potentially
reversible [8]. Furthermore, growing evidence indicates that exercise interventions may also
benefit cognitive health across different levels of cognitive impairment, potentially through
improvements in executive function, attention, and neuroplasticity-related mechanisms [9].
These findings support the use of exercise interventions that simultaneously target physical
and cognitive domains in vulnerable older populations.

In contrast, square-stepping exercise (SSE) involves moving the feet in various direc-
tions and sequences on a fixed grid pattern. As a form of complex exercise that simulta-
neously stimulates not only lower-body muscle function and balance but also cognitive
functions such as attention and memory [10], it is considered suitable for older adults
because it is relatively easy to adapt to. A review of previous studies indicates that SSE
is effective in preventing falls and improving balance in older adults; however, there are
limited studies that have simultaneously examined muscle function and cognitive function
in pre-frail older women.

Therefore, this study aimed to investigate the effects of the square step exercise on
muscle and cognitive function in pre-frail older women and to examine the relationships
between lower limb muscle function (TUG, BBS, and lower-extremity muscle strength)
and cognitive function (MMSE). The findings may provide a scientific basis for developing
intervention programs to prevent or delay declines in both physical and cognitive function
in this population.

2. Methods
2.1. Participation

The data used in this study were obtained from anonymized records provided by
Nursing Home in Beijing, China, involving older women who had participated in a nursing-
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home-based exercise program. A total of 60 women aged 65 years or older who were
classified as pre-frail according to the Fried Frailty Scale were included in the dataset
(exercise group, n = 30; control group, n = 30). Participants were assigned to either the
exercise group or the control group according to nursing home program procedures.

Prior to being provided to the researchers, all personal identifiers were removed by
the nursing home, and de-identified linkage codes were used in place of identifiable infor-
mation. Consequently, the researchers had no access to personal identifiable information at
any stage of the study. Because this study involved a secondary analysis of de-identified
data, informed consent for the use of personal information was not applicable. Approval
for the use of de-identified nursing home records was obtained from the administration of
Nursing Home A prior to data access. All study procedures were conducted in accordance
with the ethical principles of the Declaration of Helsinki.

Table 1 lists the physical characteristics of participants.

Table 1. The characteristics of the subjects.

Variable
Groups

Exercise Group (n = 30) Control Group (n = 30) p-Value

Age (years) 66.73 ± 1.64 66.13 ± 2.27 0.245
Height (cm) 155.7 ± 2.73 157.2 ± 2.64 0.125
Weight (kg) 56.7 ± 3.39 57.6 ± 3.24 0.297
BMI (kg/m2) 23.39 ± 1.22 23.33 ± 1.51 0.543
MMSE (score) 25.53 ± 1.14 25.27 ± 1.14 0.369

Values are means ± SD; BMI: body mass index. p-value was analyzed by independent-samples t-test.

2.2. Procedures

After signing the informed consent form, the study participants underwent body
composition measurements to assess their physical characteristics. The selected partici-
pants were divided into odd and even groups based on their order of participation and
randomly assigned to the experimental group (30 participants) and the control group
(30 participants), respectively. Subsequently, a pre-test cognitive function assessment
was conducted, followed by measurements of lower limb muscle strength and balance
ability. The square step program, which focuses on strengthening lower-body muscle
strength, balance, and walking ability in older adults, was conducted twice a week for
60 min per session over an 8-week period. Following the completion of sessions in weeks
4 and 8, mid-term and post-test assessments of cognitive function, lower-body muscle
function, and balance ability were conducted in both groups, using the same procedures
as the pre-test.

2.3. Body Composition

Height and weight were measured using an automatic height and weight mea-
suring device (GL-150P, G-Tech, Uijeongbu, Republic of Korea). To calculate body
mass index (BMI), participants’ height (cm) and weight (kg) were measured while they
were wearing a T-shirt and shorts, and BMI was then calculated using the formula
weight (kg)/height2 (m2). In addition, to minimize measurement errors, participants
were instructed to refrain from eating, drinking, and engaging in vigorous physical activity
for two hours prior to the measurement.

2.4. The Frail Scale

The Frail Scale is a self-reporting screening tool proposed by the International Associa-
tion of Nutrition, Health, and Aging (IANA) in 2008 [11] and later applied and validated
in older Chinese adults [12]. The specific items of the scale are as follows. (1) Have you
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felt tired most of the time during the past month? (2) Have you lost more than 5% of
your body weight within the past year? (3) Are you unable to climb or descend 10 steps
(approximately one flight of stairs) independently? (4) Do you have difficulty walking
100 m independently? (5) Do you have five or more chronic conditions (e.g., hypertension,
diabetes, malignant tumors, heart failure, asthma, arthritis, chronic obstructive pulmonary
disease, kidney disease, angina, etc.)? [13].

A score of 1 is assigned for each “Yes” answer, with a total score ranging from
0 to 5. A score of 0 indicates normal health, 1–2 indicates pre-frailty, and 3 or higher
indicates frailty [11].

2.5. Time Up and Go (TUG)

The TUG test was administered to assess functional mobility. Participants began the
test while seated, with their backs against a chair with a backrest (approximately 46 cm
high) and armrests (approximately 65 cm high), wearing flat-soled shoes. Upon hearing
the signal “Go”, the subject stood up without using the armrests, walked at a normal pace
to a marker 3 m ahead, turned around, and walked back to the chair to sit down. The test
ended the moment the subject’s back touched the chair’s backrest, and the time taken was
recorded using a stopwatch. Each subject performed one practice trial followed by three
official measurements, and dynamic balance ability was assessed based on the time taken
(in seconds) [14].

2.6. Berg Balance Scale (BBS)

The BBS test was administered to assess balance and walking ability [15]. This scale
consists of a total of 14 items related to activities of daily living, including (1) rising from
a seated position, (2) standing independently, (3) sitting down independently, (4) sitting
down from a standing position, (5) moving from a bed to a chair, (6) standing with eyes
closed, (7) standing with feet together, (8) reaching forward with arms while standing,
(9) picking up an object while standing, (10) turning around, (11) turning 360 degrees,
(12) stepping up and down on a step with alternating feet, (13) standing facing forward and
backward, (14) standing on one leg, etc. Each item was scored on a scale of 0 to 4 points.
The total score is 56 points; a score of 0–20 indicates poor balance function, suggesting the
patient requires a wheelchair, while a score of 21–40 indicates that the patient has a certain
level of balance ability and can walk with assistance. A score of 41–56 indicates excellent
balance function, meaning the patient is capable of walking independently. A BBS score
below 45 suggests a risk of falling.

2.7. Lower Limb Muscle Strength

The 30 s chair stand test was administered to assess lower limb muscle strength. A
metal chair without armrests was used; the chair measured 42 × 41 cm2 and was 44 cm
high. Participants repeatedly stood up and sat down with their hands crossed over their
chest for 30 s, and only repetitions in which they stood completely upright before sitting
back down were counted as valid. The number of repetitions was used as an indicator of
lower limb muscle strength; a higher number of repetitions indicates greater lower limb
muscle strength [16].

2.8. Cognitive Function

Cognitive ability was measured using the Mini-Mental State Examination (MMSE)
developed by Folstein [17]. This scale consists of a total of 19 items and assesses tem-
poral orientation, spatial orientation, immediate memory, attention and calculation
skills, short-term memory, object naming, verbal repetition, reading comprehension,
verbal comprehension, verbal expression, and figure drawing. Considering the ed-
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ucational level of the elderly, some items were applied in a modified format accord-
ing to Ren et al. [6]. The total score is 30 points, and a higher score indicates better
cognitive function.

2.9. Square Step Exercise (SSE) Program

Considering that the participants were elderly, the square step exercise program was
designed in two phases based on the American College of Sports Medicine’s (ACSM)
Guidelines for Exercise Testing and Prescription, 11th Edition [18]. Phase 1 was conducted
from weeks 1 to 4 at an exercise intensity of 9–11 on the perceived exertion scale, and
Phase 2 was conducted from weeks 5 to 8 weeks at an intensity of 11–13 on the same
scale. Blood pressure and pulse were checked before starting. The square step exercise
was implemented to improve lower limb strength and balance. In each phase, warm-up
(5–10 min) and cool-down (5–10 min) consisted of walking and stretching at an exercise
intensity of 9–11 on the RPE scale. The exercise program was divided into beginner and
advanced levels and performed to rhythmic music preferred by the elderly; the specific
programs are shown in Table 2.

Table 2. Square Step Exercise (SSE) Program.

1~4 weeks
Program 1 Program 2

Left Right Left Right
2 2 1 2 2 1

1 1 1 2 2 1
2 2 1 2 2 1

1 1 1 2 2 1
2 2 1 2 2 1

1 1 1 2 2 1
2 2 1 2 2 1

1 1 1 2 2 1
2 2 1 2 2 1

1 1 1 2 2 1
1~4 weeks

Program 3 Program 4
Left Right Left Right

1 2 2 1 3 1 2 4 4 2 1 3
1 2 2 1 3 1 2 4 4 2 1 3
1 2 2 1 3 1 2 4 4 2 1 3
1 2 2 1 3 1 2 4 4 2 1 3
1 2 2 1 3 1 2 4 4 2 1 3
1 2 2 1 3 1 2 4 4 2 1 3
1 2 2 1 3 1 2 4 4 2 1 3
1 2 2 1 3 1 2 4 4 2 1 3
1 2 2 1 3 1 2 4 4 2 1 3
1 2 2 1 3 1 2 4 4 2 1 3
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Table 2. Cont.

5~8 weeks
Program 1 Program 2

Left Right Left Right
5 4 6 6 4 5 5 6 4 4 6 5
3 1 2 2 1 3 1 3 2 2 3 1
5 4 6 6 4 5 5 6 4 4 6 5
3 1 2 2 1 3 1 3 2 2 3 1
5 4 6 6 4 5 5 6 4 4 6 5
3 1 2 2 1 3 1 3 2 2 3 1
5 4 6 6 4 5 5 6 4 4 6 5
3 1 2 2 1 3 1 3 2 2 3 1
5 4 6 6 4 5 5 6 4 4 6 5
3 1 2 2 1 3 1 3 2 2 3 1

5~8 weeks
Program 3 Program 4

Left Right Left Right
5 7 8 6 6 8 7 5 5 6 4 4 6 5
3 1 2 4 4 2 1 3 1 3 2 2 3 1
5 7 8 6 6 8 7 5 5 6 4 4 6 5
3 1 2 4 4 2 1 3 1 3 2 2 3 1
5 7 8 6 6 8 7 5 5 6 4 4 6 5
3 1 2 4 4 2 1 3 1 3 2 2 3 1
5 7 8 6 6 8 7 5 5 6 4 4 6 5
3 1 2 4 4 2 1 3 1 3 2 2 3 1
5 7 8 6 6 8 7 5 5 6 4 4 6 5
3 1 2 4 4 2 1 3 1 3 2 2 3 1

2.10. Statistical Analysis

All results were reported as the mean ± standard deviation and analyzed using SPSS
version 25.0 (SPSS Inc., Chicago, IL, USA). Means and standard deviations were computed
for all variables. We used an independent-samples t-test to group differences in the baseline
variables. Prior to conducting parametric statistical analyses, the assumptions underlying
the tests were examined. First, the normality of the data distribution was assessed using
the Shapiro–Wilk test. Second, homogeneity of variances between groups was evaluated
using Levene’s test. Third, for the repeated-measures factor included in the two-way
mixed ANOVA, the assumption of sphericity was assessed using Mauchly’s test. When
the assumption of sphericity was violated, the Greenhouse–Geisser correction was applied.
A two-way ANOVA was conducted to test for group and measurement time effects on
lower limb muscle function and cognitive function (Mini-Mental State Examination), and
the Bonferroni method was applied for post hoc comparisons. The relationships among
TUG, BBS, lower limb muscle strength, and MMSE scores were examined using Pearson
correlation coefficients based on post-intervention data collected after completion of the
8-week exercise program. The statistical significance level for all analyses in this study was
set at α = 0.05.
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3. Results
3.1. Changes in the TUG Score After 8 Weeks

In the TUG test, the group × time interaction effect was found to be significant
(p < 0.001). In the experimental group, scores decreased significantly at baseline, between
weeks 4 (p < 0.001) and 8 (p < 0.001), and between week 4 and week 8 (p < 0.001), while
the control group showed a significant increase at baseline, between weeks 4 (p < 0.05) and
8 (p < 0.01), and between week 4 and week 8 (p < 0.05) (Figure 1).

Figure 1. Time up and go differences after 8 weeks. TUG: time up and go. ### p < 0.001: group and
time interaction (df: 2, F-value: 29.644, eta2: 0.170). * p < 0.05, ** p < 0.01, *** p < 0.001: p-value was
analyzed post hoc.

3.2. Changes in the BBS Score After 8 Weeks

There was no group × time interaction effect observed in the Berg Balance Scale
values. In the experimental group, scores increased significantly at baseline, between
weeks 4 (p < 0.001) and 8 (p < 0.001), and between week 4 and week 8 (p < 0.001), whereas
no changes were observed in the control group (Figure 2).

Figure 2. Berg Balance Scale differences after 8 weeks. BBS: Berg Balance Scale. *** p < 0.001: p-value
was analyzed post hoc.
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3.3. Changes in Lower Limb Muscle Strength After 8 Weeks

In the lower limb muscle strength test, the group × time interaction effect was found
to be significant (p < 0.05). In the experimental group, scores increased significantly
at baseline, between weeks 4 (p < 0.001) and 8 (p < 0.001), and between week 4 and
week 8 (p < 0.001), whereas no changes were observed in the control group (Figure 3).

Figure 3. Differences in lower limb muscle strength after 8 weeks. # p < 0.05: group and time
interaction (df: 2, F-value: 5.498, eta2: 0.052). *** p < 0.001: p-value was analyzed post hoc.

3.4. Changes in the MMSE Score After 8 Weeks

In the MMSE test, the group × time interaction effect was found to be significant
(p < 0.001). In the experimental group, scores increased significantly at baseline, between
weeks 4 (p < 0.001) and 8 (p < 0.001), and between week 4 and week 8 (p < 0.001), whereas
no changes were observed in the control group (Figure 4).

Figure 4. Mini-Mental State Examination differences after 8 weeks. MMSE: Mini-Mental Status
Examination. ### p < 0.001: group and time interaction (df: 2, F-value: 8.025, eta2: 0.078). *** p < 0.001:
p-value was analyzed post hoc.
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3.5. Correlation Coefficients

Table 3 presents the Pearson correlation coefficients among the TUG, BBS, lower limb
muscle strength, and MMSE values of the study participants.

Table 3. Pearson’s correlation coefficients.

Variable TUG BBS Chair Stand MMSE

TUG -
BBS −0.357 * -

Chair stand −0.530 *** 0.537 *** -
MMSE −0.430 *** 0.116 0.302 * -

TUG: time up and go, BBS: Berg Balance Scale, MMSE: Mini-Mental Status Examination. * p < 0.05, *** p < 0.001.

The TUG time showed significant negative correlations with BBS score (r = −0.357,
p < 0.05), lower limb muscle strength (r = −0.530, p < 0.001), and MMSE score (r = −0.430,
p < 0.001). BBS scores were positively correlated with lower limb muscle strength (r = 0.537,
p < 0.001). In contrast, the association between BBS and MMSE scores was not statistically
significant (r = 0.116, p > 0.05). MMSE scores were positively correlated with lower limb
muscle strength (r = 0.302, p < 0.05).

4. Discussion
This study aimed to investigate the effects of square-stepping exercise (SSE) on lower

limb muscle strength and MMSE scores in pre-frail older women. This study found that SSE
led to significant improvements in functional mobility (TUG), lower limb muscle strength,
and MMSE scores, and also demonstrated a positive trend in balance ability (Berg Balance
Scale). In particular, a group × time interaction effect was observed for TUG, lower limb
muscle strength, and MMSE scores, confirming that SSE is an effective intervention for
addressing functional changes over time.

In pre-frail older women, functional mobility, balance capacity, lower-extremity func-
tion, and cognitive performance constitute a tightly interconnected set of physiological
and neurocognitive domains that collectively determine vulnerability to adverse health
outcomes [3]. Rather than operating as isolated constructs, these domains interact syner-
gistically to influence fall risk, functional independence, and the trajectory toward frailty
and disability [19]. Functional mobility, commonly operationalized through the Time Up
and Go (TUG) test, represents an integrative marker of neuromuscular coordination, gait
efficiency, and dynamic postural control [14]. Balance function, frequently assessed using
the Berg Balance Scale (BBS), is fundamental to maintaining postural stability under both
static and dynamic conditions [15]. Lower-extremity function, particularly muscle strength,
is a primary determinant of mobility and postural control. Sarcopenia, a hallmark of aging,
is highly prevalent in pre-frail populations and is strongly associated with reduced gait
speed, impaired balance, and increased risk of disability [20]. Importantly, these domains
exhibit substantial bidirectional interactions. Reduced lower-extremity strength negatively
impacts mobility and balance [21]. In this study, a group × time interaction was observed
in the TUG, lower-body muscle strength, and MMSE scores of frail older women following
an 8-week SSE program. While the exercise group showed significant improvements in
TUG, BBS, and lower-body muscle strength scores, the control group exhibited a signifi-
cant improvement in TUG score but no changes in the BBS score or lower-body muscle
strength. The improvements observed in this study may be explained by the task-specific
and cognitively engaging nature of SSE, which requires rapid weight shifting, directional
changes, and continuous motor planning. SSE challenges these systems through multidi-
rectional stepping patterns and anticipatory postural adjustments, which may enhance
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postural stability over time. The repetitive sit-to-stand-like movements, weight-bearing
demands, and continuous stepping inherent in SSE likely promote both muscular strength
and endurance. Consistent with our findings, Shigematsu et al. demonstrated that SSE
significantly improved TUG performance and reduced fall risk in older adults, supporting
its role as an effective intervention for mobility enhancement [22]. The relatively stable
BBS scores in the control group further support the notion that, in the absence of targeted
intervention, balance capacity tends to be maintained or decline slowly in pre-frail pop-
ulations. Furthermore, the progressive increase in exercise intensity across the 8-week
intervention may have facilitated neuromuscular adaptation and hypertrophic responses.
Previous studies have similarly reported that multicomponent exercise programs incorpo-
rating stepping and balance tasks can significantly improve lower limb strength in older
adults [23]. These characteristics likely enhance motor unit recruitment efficiency and
sensorimotor integration.

Frailty in older women is increasingly recognized as a multidimensional geriatric
syndrome that extends beyond physical vulnerability to encompass significant cognitive
decline. Accumulating evidence indicates that pre-frail and frail older adults exhibit
impairments across multiple cognitive domains, including executive function, attention,
and memory, with effect sizes reaching moderate to large magnitudes [24]. Importantly,
frailty is not merely coexistent with cognitive impairment but may actively accelerate
cognitive deterioration, as longitudinal studies have demonstrated steeper declines in
global cognition among pre-frail individuals compared to their robust counterparts [25].
Furthermore, the relationship between frailty and cognition is likely bidirectional and
mediated by behavioral and psychosocial factors such as physical inactivity, depressive
symptoms, and sleep disturbances, which collectively exacerbate functional decline [26].
Importantly, the present study also demonstrated significant improvements in MMSE
scores in the intervention group, with a significant group × time interaction effect.

The improvements in TUG score likely reflect enhanced efficiency of fronto-subcortical
networks that regulate both gait and cognition [27]. The significant correlation between
TUG and MMSE observed in this study further supports the notion that mobility decline is
partially driven by cognitive deterioration, particularly in executive domains [28,29]. Mus-
cle strength is a key determinant of mobility and balance [5], but it also indirectly supports
cognitive health by enabling greater participation in physical and cognitively stimulating
activities [30]. Additionally, resistance and functional training have been shown to induce
neuroplastic changes in the aging brain, particularly in regions associated with executive
function and memory [31]. These findings provide a biological basis for the observed
interrelationships between strength, mobility, and cognition. SSE appears to uniquely
target these interconnected systems through its dual-task characteristics. By requiring
participants to memorize step sequences, perform multidirectional stepping, and adapt
to progressively complex movement patterns, SSE simultaneously challenges executive
function, working memory, and motor coordination [32]. Dual-task training paradigms
have been shown to enhance neural efficiency and connectivity across distributed brain
networks, including prefrontal and parietal regions [33,34]. Such integrative stimulation
likely underpins the concurrent improvements in both cognitive and motor domains ob-
served in this study. From a clinical perspective, these findings highlight TUG as a sensitive
and integrative functional marker that captures both physical and cognitive changes in
pre-frail older adults [14,27]. The dissociation between BBS and MMSE further suggests
that incorporating dynamic, cognitively demanding mobility assessments may provide a
more comprehensive evaluation of functional health than static balance measures alone.
SSE effectively enhances this integrated system by simultaneously targeting neuromuscular
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and cognitive processes, thereby offering a promising intervention strategy to attenuate
both physical frailty and cognitive decline [21].

The present study acknowledges some limitations. This study was conducted on older
women in a specific region, which limits the generalizability of the results. Additionally,
the intervention period was relatively short, at 8 weeks, making it impossible to confirm
long-term effects. Furthermore, cognitive function was assessed using MMSE scores alone,
do not adequately reflect various cognitive domains. Future research should include studies
with diverse participant groups, long-term follow-up studies, and additional validation
using multidimensional cognitive assessment tools.

5. Conclusions
This study examined the effects of an 8-week square-step exercise (SSE) program on

pre-frail older women. The findings suggest that SSE may improve lower limb physical
function, including functional mobility, muscle strength, balance, and walking ability, as
well as global cognitive status, as assessed by the MMSE. These results indicate that SSE
may be a beneficial exercise intervention for enhancing selected physical and cognitive
outcomes in pre-frail older women. However, because frailty progression, fall incidence,
and long-term outcomes were not directly assessed in the present study, further well-
designed studies with longer follow-up periods and comprehensive cognitive assessments
are needed to confirm the broader clinical effects of SSE.
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