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Background: Aging is commonly associated with a progressive decline in
neuromuscular function, which adversely affects balance control, gait
stability, and overall mobility. Consequently, fall prevention has become a
major concern in the elderly population. This study aimed to investigate the
effects of a six-week total resistance exercise (TRX) training program on
dynamic balance and gait kinematic parameters in healthy older women.
Methods: This quasi-experimental study included 36 healthy older women
aged 55-75 years, recruited through purposive sampling and randomly
assigned to either an experimental group or a control group (18 participants
per group). The experimental group participated in a TRX training program
three times per week for six weeks, with each session lasting 30-40 minutes,
whereas the control group received no structured exercise intervention. Both
groups underwent pre- and post-tests assessing stride length, stride width,
walking speed, and dynamic balance. Dynamic balance was evaluated using
the Timed Up and Go (TUG) test. At the same time, gait kinematic parameters
were assessed using the Plug-in Gait marker placement protocol and a three-
dimensional (3D) motion analysis system. Data were analyzed using one-way
analysis of covariance (ANCOVA) in SPSS.
Results: Compared with the control group, the experimental group
demonstrated significantly greater improvements in dynamic balance (F1,33)
=25.31,p=0.001,1n2 = 0.43), stride length (F(1,33=9.71, p = 0.004,12 = 0.22),
stride width (F,33) = 29.87, p = 0.002, 2 = 0.47) and walking speed (F(1,33) =
10.83, p=0.003,1n2 = 0.24).
Conclusion: A six-week TRX training program effectively improved dynamic
balance and gait kinematic parameters in healthy older women. These
findings highlight the value of functional suspension training in enhancing
mobility and reducing fall risk among older adults. Accordingly, TRX training
may be considered an effective component of rehabilitation and fall-
prevention programs for older people.
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accompanied by substantial changes in physical,
psychological, and social functioning. These changes
primarily result from the biological and physiological

Introduction

Aging is a natural stage of the human lifespan that is
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processes that occur over time [1, 2]. During aging,
multiple body systems, including the musculoskeletal
and neuromuscular systems, undergo progressive
functional decline. One of the most significant
consequences of this decline is reduced muscle strength,
decreased joint range of motion, and impaired joint
stability [3, 4]. Collectively, these age-related changes
can substantially compromise the quality of life of older
adults and limit their ability to perform activities of daily
living independently.

One of the most prominent consequences of aging
affecting the locomotor system is impaired balance and
altered gait patterns [5, 6]. Numerous studies have
demonstrated that impaired balance and gait dysfunction
are among the primary factors contributing to an
increased risk of falls in older adults [6-8]. In particular,
age-related deterioration of the sensorimotor system,
including impaired function of sensory receptors and
lower-extremity musculature, reduces the ability of
older adults to control posture and maintain postural
stability [6]. This functional decline not only limits
mobility and the ability to perform daily activities safely
but also substantially increases the risk of falls and their
potentially serious and long-lasting consequences [6, 9].

Gait patterns, particularly in older adults, are
considered key indicators of the integrity and functional
performance of the locomotor system. Among the most
commonly assessed gait kinematic parameters are stride
length, gait speed, and stride width. Alterations in these
parameters—such as reduced gait speed, shortened
stride length, and increased stride width or gait
variability—are associated with impaired postural
control and an increased risk of falls. These changes in
gait kinematics are often early manifestations of age-
related neuromuscular decline and reduced dynamic
balance, making older adults more susceptible to falls
[10-12].

Bone fractures, particularly those involving the hip
and spine, are among the most common and serious
consequences of falls in older adults. These injuries
often require prolonged and complex medical treatment
and may even increase the risk of mortality [13]. In
addition to their physical consequences, such injuries
frequently result in reduced functional independence
and greater reliance on caregivers or family members.
Furthermore, many older adults develop a fear of falling
following a fall, which may lead to reduced physical
activity and restricted participation in social activities.
This fear can further accelerate functional decline,
increase social isolation, and ultimately diminish the
quality of life of older adults [14].

Given the widespread consequences of balance and
gait impairments, accurate identification of these
deficits and the development of effective interventions
are essential for reducing fall risk among older adults.
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Specific gait kinematic parameters, including reduced
gait speed, shortened stride length, increased stride
width, and prolonged double-support time, have been
consistently associated with an elevated risk of falls [11,
12]. Analysis of these gait characteristics provides
valuable insights into neuromuscular function, postural
control, and overall mobility in older adults.

In  recent years, advanced motion analysis
technologies, particularly three-dimensional (3D)
motion capture systems, have been increasingly
employed to evaluate gait kinematics with high
precision and to detect subtle movement impairments
that may not be identified through conventional clinical
assessments.  Identifying abnormalities in these
parameters facilitates the development of targeted
exercise interventions, such as total resistance exercise
(TRX) suspension training, to improve muscle strength,
dynamic balance, and gait performance, thereby
reducing the risk of falls. Given that impairments in gait
and balance are among the leading causes of morbidity,
disability, and loss of independence in older adults,
implementing evidence-based interventions to address
these deficits is essential for enhancing functional
autonomy and improving quality of life.

Improving balance and reducing the risk of falls
through targeted exercise interventions are considered
among the most effective strategies for mitigating age-
related declines in motor function. Among the various
exercise modalities, balance and resistance training have
been extensively investigated, while more recent
attention has focused on innovative approaches such as
TRX suspension training because of their ability to
enhance core muscle activation, joint stability, and
functional movement [15]. Numerous studies have
demonstrated that different exercise interventions,
including balance training, resistance training, and
combined exercise programs, can positively influence
gait performance and balance in older adults [16, 17].
For example, Farsi et al. [18] reported significant
improvements in balance following a combined balance
and resistance training program. However, inconsistent
findings have also been reported. For instance, Manini
et al. [19] found no significant improvement in static
balance following a strength and proprioceptive training
program in older adults.

Furthermore, several studies have demonstrated that
balance and resistance training can improve stride
length, gait speed, and postural stability, all of which are
closely associated with fall risk in older adults [20-22].
Despite the growing body of evidence supporting the
effectiveness of these exercise modalities, relatively few
studies have specifically examined the effects of TRX
suspension training in older adults. Moreover, to the best
of our knowledge, no previous study has directly
investigated the effects of TRX training on gait
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kinematic parameters, which are important indicators of
motor function and predictors of fall risk.

Among the tools commonly used to assess fall risk in
older adults, the Timed Up and Go (TUG) test is one of
the most widely accepted measures of dynamic balance
and functional mobility. A longer TUG completion time
has been consistently associated with impaired motor
control, reduced walking efficiency, and an increased
risk of falls [23, 24]. Owing to its simplicity, high
reliability, and strong predictive validity for fall risk, the
TUG test is widely used in both clinical practice and
research to evaluate functional mobility and assess the
effectiveness of interventions in older adult populations.

This gap in the literature highlights the need for further
investigation. Therefore, the present study aimed to
examine the effects of a six-week TRX training program
on dynamic balance and selected gait kinematic
parameters, including stride length, gait speed, and
stride width, in healthy older women aged 55-75 years.
The findings of this study may contribute to the
development of more targeted, evidence-based, and
functionally relevant exercise programs designed to
improve balance, optimize gait performance, and reduce
the risk of falls in this population.

Methods

Study Design and Participants

This study employed a quasi-experimental pretest—
posttest design with a control group. A total of 36
healthy older women (mean age: 63.08 + 5.73 years)
were recruited through convenience sampling and
voluntarily participated in the study. The sample size
was considered adequate based on previous studies
indicating that a moderate sample size provides
sufficient statistical power to detect intervention effects
in quasi-experimental research [25, 26]. An ethical
approval was obtained from Bahonar University ethical
committee.

The inclusion criteria were: (1) age between 55 and 75
years; [27] no participation in regular physical exercise
during the year preceding enrollment; (3) no history of
lower-extremity fractures; and [27] the ability to walk
independently without the use of assistive devices. The
exclusion criteria included failure to attend the
assessment sessions, inability to complete the exercise
protocol, or injury sustained during the intervention
period.

Participants were randomly assigned to either the
experimental group or the control group, with 18
participants in each group. Before data collection, all
participants completed an informed consent form, a
demographic and personal information questionnaire,
and a health screening questionnaire. During their initial
laboratory visit, anthropometric measurements were
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obtained, followed by assessments of dynamic balance
and gait kinematic analysis.

Apparatus and Task
1. Timed Up and Go (TUG) Test

Dynamic balance was assessed using the TUG test,
which has demonstrated excellent reliability (ICC =
0.99) [28]. During the test, each participant was seated
on a standard chair with a seat height of 46 cm and
armrests positioned at a height of 63 cm. Upon the
examiner’s verbal command, the participant stood up,
walked forward for a distance of 3 m at her usual
walking speed, turned around, returned to the chair, and
sat down again [29]. The total time required to complete
the task was recorded using a stopwatch.

TUG performance was interpreted according to
established clinical guidelines. A completion time of
less than 10 s indicated normal mobility and a high level
of functional independence; 10-19 s indicated
independent  mobility  with normal functional
performance; 20-29 s suggested slower mobility,
impaired balance, and a need for assistance during
walking; and more than 30 s indicated markedly reduced
functional mobility and a high risk of falls [30].

2. Motion Capture Device

Three-dimensional (3D) gait kinematics were
recorded using a motion capture system equipped with
six infrared cameras. Six Raptor-H infrared cameras
(Motion Analysis Corporation, USA) were positioned
around the laboratory to ensure that each reflective
marker was captured by at least two cameras
simultaneously throughout the movement, thereby
enabling accurate three-dimensional reconstruction of
marker trajectories.

To reduce noise from marker movement and signal
fluctuations, the recorded kinematic data were filtered
with a fourth-order Butterworth low-pass filter at 6 Hz.
Based on the characteristics of the walking task, the
camera sampling frequency was set at 120 Hz [31, 32]

Reflective markers were placed bilaterally on
anatomical landmarks of the heel, lateral malleolus
(ankle), and hallux (great toe) according to the Plug-in
Gait marker placement protocol [33]. Participants
walked barefoot along a 6-m walkway at their self-
selected walking speed, completing a minimum of three
and a maximum of five walking trials. Three
consecutive gait cycles were extracted from the
recorded data for subsequent analysis.

3. TRX Functional Training

Following completion of the baseline assessments,
participants in the experimental group completed a six-
week TRX functional training program, consisting of
three supervised sessions per week. Participants in the
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control group were instructed to refrain from engaging
in any structured exercise program during the
intervention period and to maintain their usual daily
activities.

Before the intervention began, the experimental group
attended a familiarization session to learn proper TRX
exercise techniques and ensure safe, correct execution
of the training protocol. Each training session consisted
of a 5-minute warm-up, including dynamic stretching

Table 1: Total resistance exercise (TRX) Workout Program

exercises, followed by 30-45 minutes of TRX
functional training.

The exercise program primarily comprised functional
movements designed to improve balance, gait
performance, and lower-extremity stability in older
adults. Exercises were progressively performed at three
levels of difficulty in accordance with the training
protocol (Table 1).

Movements name

Number of sets

Repetitions per set

Push Ups
Quadruped Stance
Lateral Flexion
Squat
Hip abduction
Hamstring Runner
Rowing
Torso Rotation

3

W W wwwwow

10-13
10-13
10-13
10-13
10-13
10-13
10-13
10-13

Statistical Analysis

Kinematic data recorded by the infrared camera
system were processed using Cortex software. The raw
data were filtered using a fourth-order Butterworth low-
pass filter with a cutoff frequency of 6 Hz to reduce
signal noise and improve data quality. Outliers
exceeding £3 standard deviations from the mean were
excluded to ensure data validity. The processed data
were subsequently exported to SPSS version 22 (IBM
Corp., Armonk, NY, USA) for statistical analysis.

Descriptive statistics were calculated for all study
variables. Before conducting the primary analyses, the
assumptions underlying analysis of covariance
(ANCOVA) were evaluated. Data normality was
assessed using the Shapiro-Wilk test, homogeneity of
variances was examined using Levene’s test,
homogeneity of covariance matrices was evaluated
using Box’s M test, and homogeneity of regression
slopes was also verified. In addition, the linear
relationship between the covariates and dependent
variables was confirmed.

A one-way analysis of covariance (ANCOVA) was
performed to compare post-test outcomes between the
experimental and control groups while controlling for
baseline (pretest) values. The independent variable was
group (TRX training vs. control), and the dependent
variables included dynamic balance, stride length, stride
width, and walking speed.

Statistical significance was established at a = 0.05.
Effect sizes were calculated using partial eta squared
(%) and interpreted according to Cohen’s guidelines,
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where 0.01, 0.06, and 0.14 represent small, medium, and
large effects, respectively [34].

Results

Figure 1 illustrates the changes in the mean values of
dynamic balance and gait kinematic parameters from
pre-test to post-test in the experimental and control
groups. As shown, the experimental group demonstrated
greater improvements across all outcome measures than
the control group following the six-week intervention.

After confirming that the assumptions of one-way
analysis of covariance (ANCOVA)—including
normality, linearity, homogeneity of variances, and
homogeneity of regression slopes—were satisfied, a
one-way ANCOVA was performed to evaluate the
effects of the TRX intervention on dynamic balance,
stride length, stride width, and walking speed while
controlling for baseline (pretest) values. The analysis
revealed statistically significant differences between the
experimental and control groups after adjustment for
baseline scores. Specifically, significant group effects
were observed for dynamic balance (F(1,33 = 25.31, p =
0.001, n? = 0.43), stride length (F,33 = 9.71, p = 0.004,
n2 = 0.22), stride width (F(1ss = 29.87, p = 0.002, 112 =
0.47), and walking speed (F(,33 = 10.83, p=10.003, n?> =
0.24) (Table 2). These findings indicate that the six-
week TRX training program produced significant
improvements in dynamic balance and gait kinematic
parameters compared with the control group.

JRSR. 2026,13(3)
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Figure 1: Mean values of stride length, stride width, stride speed, and balance factor by groups in pre-test and post-test.

Table 2: Results of the one-way analysis of covariance (ANCOVA)

Variables Source df F p-value n’
Dynamic balance ?;:cr)gf 313 25;31 0.(301 o_zt37
Step length (Err(r)gf 313 9-_71 0.(304 0.2_27
Step width ?El;cr)grp] 313 29;87 0.(302 o_zt75
Walking speed %:C:gf 313 10;83 0.(303 0.2_47

Discussion

Falls are among the leading causes of injury,
disability, and loss of independence in older adults, with
impairments in gait and balance representing major
contributors to this risk. Although a variety of exercise
interventions have been investigated to reduce fall risk,
relatively few studies have specifically examined the
effects of TRX suspension training on gait kinematics
and dynamic balance in older adults. Therefore, the
present study sought to address this gap by evaluating
the effects of a six-week TRX training program on these
outcomes in healthy women aged 55-75 years. The
findings demonstrated that participants who completed
the TRX training program exhibited significant
improvements in dynamic balance, stride length, stride
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width, and gait speed compared with those in the control
group. These results suggest that TRX suspension
training is an effective intervention for improving
functional mobility and gait performance and may help
reduce the risk of falls in older adults.

One of the principal findings of the present study was
a significant reduction in Timed Up and Go (TUG) test
completion time following the TRX training program,
indicating improved dynamic balance and functional
mobility. This finding is consistent with current theories
of motor control, which propose that dynamic balance
depends on the neuromuscular system's ability to adapt
to environmental changes rapidly. TRX suspension
training uniquely challenges this system by introducing
controlled instability, thereby promoting core muscle
activation, enhancing postural control, and improving
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neuromuscular coordination [35].

Previous studies have suggested that multicomponent
exercise programs, which simultaneously target muscle
strength, proprioception, reaction time, and motor
coordination, provide greater benefits for balance than
single-component interventions. Owing to its unstable
and multiplanar exercise environment, TRX suspension
training has been shown to facilitate neuromuscular
adaptations that improve balance and functional
performance—for example, Aslani et al. [36] reported
significant improvements in static, dynamic, and
functional balance among middle-aged men following
an eight-week TRX training program. Similarly,
Jiménez-Garcia et al. [37] demonstrated that TRX
suspension training effectively improved balance in
older adults. These findings are consistent with the
present study, which demonstrated significant
improvements in dynamic balance and gait kinematic
parameters following six weeks of TRX training.
Collectively, these findings support the use of TRX
suspension training as an effective intervention to
enhance functional mobility, improve gait performance,
and reduce the risk of falls in older adults.

Additionally, the present study demonstrated
significant increases in stride length and walking speed,
accompanied by a reduction in stride width in the
experimental group. These changes are recognized as
important indicators of improved gait efficiency and a
reduced risk of falls in older adults. The observed
improvements are consistent with the principles of
motor adaptation and motor unit plasticity.\

Motor adaptation refers to the nervous system's ability
to modify motor output in response to changes in
environmental conditions or task demands, thereby
enhancing movement efficiency, coordination, and
functional performance [38]. This mechanism is
particularly relevant to functional training programs, in
which varied and progressively challenging movements
promote adaptive changes in motor control strategies
and movement execution [39].

Furthermore, motor unit plasticity refers to training-
induced changes in motor unit behavior, including
increased motor unit firing frequency, enhanced
synchronization, and greater force-generating capacity
following resistance training. These neural adaptations
improve muscle activation patterns, intermuscular
coordination, and movement efficiency, all of which are
essential for maintaining dynamic balance and an
efficient gait pattern [40, 41].

Since TRX suspension training combines resistance-
based exercises with unstable, multiplanar movement
patterns, it likely promotes greater recruitment of fast-
twitch  motor  units, enhances intermuscular
coordination, and improves neuromuscular
responsiveness. These neuromuscular adaptations may
contribute to more stable, efficient, and confident gait
patterns, thereby supporting the theoretical frameworks
of motor adaptation and motor unit plasticity.
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The observed reduction in stride width may be
attributed to improvements in lower-extremity muscle
strength, particularly in the hip abductor muscles, which
play a critical role in maintaining mediolateral stability
during gait. In the present study, the TRX functional
training program was designed to require participants to
perform movements on an unstable suspension system,
thereby continuously challenging dynamic postural
control. Exercising under unstable conditions requires
continuous adjustments in body position to maintain
balance, thereby increasing neuromuscular system
activation and improving postural control.

These adaptations may enhance neuromuscular
coordination and improve the integration of visual,
vestibular, and proprioceptive sensory inputs, all of
which are essential for maintaining dynamic balance
during gait. Consequently, the TRX training program
may improve motor control by increasing the efficiency
of sensory feedback, facilitating more effective
neuromuscular responses to postural perturbations,
strengthening proprioceptive function, and increasing
lower-extremity muscle strength [18, 21]

From a neurophysiological perspective, these findings
are consistent with the principles of neuroplasticity.
Evidence suggests that regular physical exercise can
induce both structural and functional adaptations within
the neural circuits responsible for motor control. TRX
suspension training may promote neuroplastic changes
by enhancing cortical organization, improving synaptic
efficiency, and strengthening neural pathways involved
in motor control, thereby facilitating more effective
motor planning, postural reflexes, and anticipatory
postural adjustments [42]. These neural adaptations are
particularly important in older adults, as age-related
declines in sensory processing, neuromuscular function,
and motor execution are major contributors to impaired
mobility and an increased risk of falls.

The older adult population in our country is growing
rapidly, while increasing industrialization and the
mechanization of daily activities have substantially
reduced physical activity across the population. As a
result, physical inactivity has become a significant
concern among older adults, contributing to numerous
health-related problems. Impaired balance and an
increased risk of falls are among the most common
challenges faced by this population.

Several limitations should be considered when
interpreting these findings. First, the present study
included only healthy women aged 55-75 years.
Therefore, the findings may not be generalizable to
other populations, such as older men or individuals with
specific medical conditions. Future studies are
warranted to investigate the effects of TRX training in
more diverse populations.

In addition, this study focused primarily on the
kinematic assessment of gait and balance parameters. To
achieve a more comprehensive understanding of the
physiological mechanisms underlying the observed
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improvements, future research should incorporate
complementary assessment tools, such as force
platforms and neuromuscular evaluation techniques,
which  may provide further insight into the
biomechanical and neuromuscular processes associated
with TRX training.

Conclusion

The findings of the present study indicate that six
weeks of TRX suspension training can significantly
improve dynamic balance and selected gait kinematic
parameters, including stride length, stride width, and
gait speed, in healthy women aged 5575 years. These
improvements suggest that TRX training may enhance
functional mobility and gait performance through
adaptations in neuromuscular coordination, postural
control, and sensorimotor integration. Given the
importance of maintaining mobility and balance in older
adulthood, TRX suspension training may represent a
practical and multifaceted exercise approach for
promoting functional independence and potentially
reducing fall risk. However, further research involving
larger and more diverse populations and incorporating
biomechanical and neuromuscular assessments is
warranted to clarify the mechanisms underlying these
adaptations.
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