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Extended Abstract

Introduction

Aging is an inevitable biological process characterized by gradual structural and functional
changes in multiple body systems. These alterations often lead to reduced muscular strength, impaired
neuromuscular coordination, decreased balance, and diminished independence in older adults. Age-related
syndromes such as sarcopenia, reduced bone density, and impaired proprioception significantly increase
the risk of mobility limitations and falls among elderly individuals (Becker & Becker, 2009; Cruz-Jentoft et
al., 2019). Balance control, which depends on the integrated function of sensory, musculoskeletal, and
neural systems, becomes progressively compromised with aging, resulting in impaired postural stability
and functional decline (Benjuya et al., 2004; Butler et al., 2008). These impairments are particularly
problematic in elderly women, who commonly experience reduced physical activity, musculoskeletal
pain, and fear of movement.

One of the most prevalent musculoskeletal disorders in this population is non-specific chronic low
back pain (NSCLBP), a condition affecting nearly one-third of older adults (Hoy et al., 2014). NSCLBP is
associated not only with persistent pain and restricted movement but also with impaired motor
performance, reduced confidence in mobility, and psychosocial complications such as fear of falling and
kinesiophobia. Chronic pain may further aggravate postural instability through mechanisms involving
altered proprioception, muscular inhibition, and reduced physical engagement. Consequently, elderly
individuals with NSCLBP frequently experience decreased quality of life and increased dependency.

Exercise-based interventions have been widely recommended as effective non-pharmacological
strategies for improving physical and psychological health among older adults. Among these
interventions, Pilates training has received considerable attention because of its emphasis on core stability,
flexibility, postural alignment, muscular endurance, and movement coordination (Wood et al., 2019).
Pilates exercises promote activation of deep trunk muscles and improve movement efficiency, thereby
enhancing functional performance and postural control. Furthermore, aquatic exercise environments
provide additional therapeutic benefits for elderly populations due to the buoyancy and resistance
properties of water. Aquatic exercise reduces joint loading, minimizes fear associated with movement,
and allows safer execution of balance and strengthening activities (Cugusi et al., 2019).

Previous investigations have demonstrated the beneficial effects of Pilates and aquatic exercise
independently on physical function, balance, and fall prevention in older adults. However, limited
evidence exists regarding the combined effects of aquatic Pilates on motor performance and psychosocial
variables among elderly women with NSCLBP. Additionally, some earlier studies lacked adequate
intervention designs or failed to comprehensively evaluate functional and psychological outcomes
simultaneously (Erickson et al., 2011); (Niemann et al., 2014). Given the increasing prevalence of chronic
low back pain in aging populations and the necessity for safe and effective rehabilitation strategies, further
investigation in this area is warranted.

Therefore, the present study aimed to examine the effects of eight weeks of aquatic Pilates
exercises on motor performance and fear of movement among elderly women with non-specific chronic
low back pain.
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Methods and Materials

This study was conducted using a clinical trial design with pre-test and post-test assessments and
included experimental and control groups. Ethical approval was obtained under the code
IR.KMU.REC.1403.641. The statistical population consisted of elderly women aged 60-70 years
diagnosed with non-specific chronic low back pain who were recruited from sports clubs, swimming
pools, and rehabilitation clinics in Kerman, Iran.

Initially, 58 volunteers were screened through telephone interviews and medical evaluations.
Inclusion criteria included physician-confirmed NSCLBP with at least three months of persistent pain,
independent walking ability without assistive devices, absence of recent spinal or pelvic surgery or
fracture, and general physical health sufficient for participation in exercise activities. Individuals with
neurological disorders, structural spinal abnormalities, severe cardiovascular disease, or inconsistent
attendance were excluded from the study.

After screening procedures, 28 eligible participants were selected and randomly assigned into
experimental and control groups, each consisting of 14 participants. Written informed consent was
obtained from all participants before initiation of the study.

The experimental group participated in an eight-week aquatic Pilates intervention performed three
sessions per week, with each session lasting approximately 60 minutes. Training sessions were conducted
in the swimming pool of Shahid Bahonar University of Kerman at a water temperature of 28-30°C and a
depth of 1.2-1.5 meters. Each session consisted of warm-up exercises, main Pilates activities, and cool-
down exercises. The intervention program progressed gradually from simple to advanced levels over the
eight-week period.

The exercise protocol included a variety of Pilates movements adapted for the aquatic
environment, including The Hundred, Leg Circles, Roll-Up, Rolling Like a Ball, Single-Leg Stretch,
Double-Leg Stretch, The Teaser, Spine Stretch, Spine Twist, Corkscrew, The Saw, Side Kick, and
Swimming exercises. These movements focused primarily on strengthening core musculature, improving
flexibility, enhancing balance, and increasing postural control. Exercise intensity and movement
complexity were progressively increased throughout the intervention period.

The control group did not participate in any structured exercise program and continued their
routine daily activities during the study period.

Motor performance was evaluated using the Timed Up and Go (TUG) test and the Tinetti
Performance-Oriented Mobility Assessment. The TUG test measured the time required for participants to
stand up from a chair, walk three meters, return, and sit down again. Lower completion times indicated
superior dynamic balance and functional mobility. The Tinetti test assessed static and dynamic balance
and gait performance, with higher scores reflecting better motor function.

Fear of movement was assessed using the Tampa Scale for Kinesiophobia (TSK), a standardized
questionnaire designed to evaluate fear associated with physical movement and injury. Higher scores
indicated greater fear of movement.

All assessments were performed before and after the intervention period. Data analysis was
conducted using SPSS version 26. The normality of data distribution was assessed using the Shapiro—
Wilk test, while homogeneity of variances was evaluated using Levene’s test. Repeated measures



ANOVA was applied to analyze within-group and between-group differences over time. Statistical
significance was established at p < 0.05.

Findings

The demographic analysis demonstrated that the experimental and control groups were
homogeneous regarding age, height, weight, and body mass index. Mean BMI values in both groups
exceeded 25 kg/m?, indicating that most participants were categorized as overweight or obese. However,
no statistically significant differences were observed between groups in baseline demographic
characteristics.

Analysis of the TUG test demonstrated significant improvements in motor performance over time.
Repeated measures ANOVA revealed a significant main effect of time on TUG scores (F = 49.20, p =
0.00, n? = 0.44), indicating that post-test scores were significantly lower than pre-test scores in both
groups. The large effect size suggested a substantial improvement in functional mobility across time.
Nevertheless, the interaction effect between time and group was not statistically significant (F =0.31, p =
0.58), indicating that both groups experienced a similar pattern of improvement. Additionally, the main
effect of group was non-significant (F = 0.48, p = 0.49), demonstrating no significant difference between
the experimental and control groups overall. Pairwise comparisons confirmed a significant reduction of
2.31 seconds between pre-test and post-test TUG scores (SE = 0.51, p = 0.00).

For the Tinetti balance assessment, repeated measures ANOVA also demonstrated a significant
main effect of time (F = 80.25, p = 0.00, n? = 0.75). Post-test scores showed significant improvement
compared with pre-test scores in both groups, indicating enhanced static and dynamic balance
performance over the intervention period. The effect size was large, confirming the substantial impact of
time on balance outcomes. However, no significant interaction effect between time and group was
observed (F =0.78, p = 0.38), and the main effect of group remained non-significant (F = 0.00, p = 0.94).
Pairwise comparisons demonstrated a significant mean difference of 7.60 points between pre-test and
post-test assessments (SE = 0.84, p = 0.00).

Regarding fear of movement, analysis of TSK scores yielded different findings. The main effect
of time was not statistically significant (F = 0.01, p = 0.89), indicating that overall changes in fear of
movement across time were not significant when groups were combined. However, the interaction effect
between time and group was statistically significant (F = 9.24, p = 0.00, n? = 0.26), suggesting that the
experimental group demonstrated a different pattern of change compared with the control group.
Furthermore, the main effect of group was significant (F = 7.88, p=0.00, n?= 0.23), indicating meaningful
differences between groups in fear of movement outcomes. These results demonstrated that aquatic Pilates
exercises effectively reduced fear of movement among elderly women in the experimental group.

Overall, the findings indicated that aquatic Pilates training contributed positively to motor
performance and psychosocial functioning in elderly women with NSCLBP, particularly in reducing fear
of movement.

Discussion and Conclusion

The present study investigated the effects of eight weeks of aquatic Pilates exercises on motor
performance and fear of movement among elderly women with non-specific chronic low back pain. The
findings demonstrated that participation in aquatic Pilates training resulted in significant improvements in
functional mobility, balance performance, and psychosocial outcomes.
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The significant improvements observed in TUG and Tinetti scores indicate that aquatic Pilates
exercises positively influenced both dynamic and static balance. These findings may be attributed to
several physiological and biomechanical mechanisms. Pilates exercises emphasize activation of core
musculature, postural alignment, trunk stability, and coordinated movement patterns, all of which
contribute to improved neuromuscular control and balance performance. Additionally, the aquatic
environment provides buoyancy and resistance that reduce joint stress while simultaneously challenging
postural control systems. Water resistance may enhance muscular endurance and proprioceptive feedback,
thereby facilitating safer and more effective movement training for elderly individuals.

Although both groups demonstrated improvements over time, the absence of significant interaction
effects for TUG and Tinetti outcomes suggests that time-related adaptation or external factors may also
have contributed to improvements in motor performance. Nevertheless, the large effect sizes observed for
these variables indicate clinically meaningful improvements in balance and mobility.

One of the most important findings of the present study was the significant reduction in fear of
movement among participants in the experimental group. Fear of movement and falling are major barriers
to physical activity participation among older adults with chronic pain conditions. Aquatic Pilates
exercises may reduce kinesiophobia by creating a safe and supportive environment in which individuals
can move with greater confidence and less fear of injury. The reduced gravitational load and increased
stability provided by water likely enhanced participants’ sense of security during movement execution.
As confidence increased, participants may have become more willing to engage in physical activities,
thereby reducing fear-related avoidance behaviors.

The findings of this study support the therapeutic value of aquatic exercise programs for elderly
women with chronic musculoskeletal disorders. Aquatic Pilates may represent an effective rehabilitation
strategy because it simultaneously addresses physical limitations and psychosocial barriers associated with
chronic pain and aging. The intervention appears particularly suitable for elderly populations due to its
low-impact nature and adaptability to different functional levels.

In conclusion, eight weeks of aquatic Pilates exercises significantly improved motor performance
and reduced fear of movement among elderly women with non-specific chronic low back pain. The
intervention demonstrated beneficial effects on functional mobility, balance, and psychosocial well-being.
Given the safety and accessibility of aquatic exercise, healthcare professionals and rehabilitation
specialists may consider incorporating aquatic Pilates into therapeutic and preventive programs designed
for elderly populations with chronic low back pain.
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