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ABSTRACT: Over the past decade, research on artificial intelligence (Al) has expanded significantly, exploring its
potential to enhance the quality of life for older adults. Therefore, the study aims to investigate the effect of a 4-week
Al-generated Pilates training program on motor performance and fear of falling in older adults. This quasi-experi-
mental study selected 30 female older adults aged 65 years and older, dividing them into two groups: one for experi-
mental (N = 15) and another for control (N = 15). The experimental groups had four weeks of Al-based intervention
with three sessions per week. During this period, the control group engaged in the routine activities. The Timed Up
and Go and the Falls Efficacy Scale-International (FES-I) questionnaire were done as pre-posttest, respectively. The
independent t-test was used for inferential statistics. Data analysis was conducted at a significance level of 95% with
an alpha level less than or equal to 0.05. The findings showed that there was a significant difference between the two
groups in the scores of the TUG test (p<0.03) and the FES-I questionnaire (p<0.001). By utilizing Al to develop
personalized exercise programs, healthcare practitioners can improve motor performance and reduce the fear of falling
in older adults. These findings highlight the potential of Al-driven rehabilitation strategies in geriatric care, empha-
sizing the need for further research to refine program parameters and extend their benefits to a broader aging popula-
tion.
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1 Introduction

In the 21st century, significant changes in global demographics have occurred, mainly due to an aging
population attributed to longer life expectancies and lower birth rates [1]. By 2050, an estimated 16% of
the population will be individuals aged 65 and older, with around 28-35% of this group experiencing falls
each year [2]. The growing elderly population will lead to an increased risk of falls that significantly impact
health, resulting in disability and higher mortality rates, while the economic burdens associated with falls
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are considerable and continue to rise globally [3]. The World Health Organization defines a fall as an un-
expected collapse to the ground that can lead to serious injuries, including fractures and brain injuries, with
the risk increasing with age [4]. Fear of falling (FOF) is a persistent anxiety among older adults that dimin-
ishes confidence in balance [5], adversely affecting their mental health and quality of life [6]. This fear can
lead to a reduction in social activities for 13% to 50% of those affected, resulting in impaired balance,
greater isolation, and increased feelings of loneliness, anxiety, and sadness [4, 7]. FOF affects between
20.8% and 85% of older adults, significantly impairing motor performance by increasing functional de-
pendency and decreasing walking speed [8]. A study by Sapmaz et al. (2021) found that dual-task perfor-
mance was impaired in elderly individuals with FOF [8]. Moreover, FOF leads to activity avoidance, which
reduces muscle and grip strength [9], limits mobility, heightens attentional demands for balance and ulti-
mately compromises gait and overall motor performance [10].

Physical fitness is crucial in maintaining functional independence among older adults [11]. Engaging
in physical activity is recognized as a key health determinant, offering significant benefits across all age
groups, with a particularly strong impact on the well-being of the elderly [12]. The Pilates method, created
by Joseph Hubertus Pilates in the early 20th century, is a structured exercise program to enhance overall
flexibility, core strength, posture, and general well-being [13]. Additionally, it emphasizes efficient motion
through proper alignment of the limbs, coordination of the shoulder joint and cervicothoracic spine, and
balanced movement patterns throughout the body [14]. Research indicates that Pilates effectively reduces
FOF and enhances motor performance in older adults by strengthening muscles, improving balance, and
boosting coordination [15]. Another study demonstrated that Pilates minimizes the FOF and the risk of falls
in older adults by improving functional mobility, gait, and postural stability [16].

Artificial intelligence (Al) transforms healthcare by utilizing big data to provide insights that enhance
evidence-based clinical decision-making and promote value-based care [17]. Implementing Al in healthcare
significantly enhances elderly care by improving disease prediction, risk assessment, diagnosis, and treat-
ment [18]. This advancement has led to increased research and the adoption of technologies specifically
designed for older adults, including robots, exoskeletons, smart homes, wearables, and mobile applications
[19]. These technologies collectively perform essential functions like rehabilitation, social interaction, com-
panionship, and monitoring, addressing the unmet healthcare needs of older adults and relieving pressure
on the healthcare system [20].

Despite the well-documented benefits of Pilates in enhancing motor performance and reducing FOF,
there is a significant gap in research regarding Al-generated Pilates training programs specifically for older
adults. The urgency to incorporate artificial intelligence in this field arises from the potential for personal-
ized, adaptive exercise prescriptions that can cater to the unique needs of this demographic. Current studies
predominantly focus on traditional or therapist-guided interventions, leaving Al-driven solutions largely
unexplored. Given the heightened concern among older adults about preventing falls, leveraging Al could
revolutionize how Pilates is delivered, making it safer and more accessible. The effectiveness of Al-gener-
ated Pilates programs remains uncertain, and these interventions' safety, adaptability, and long-term impact
have not been thoroughly investigated. This highlights the critical need for rigorous research to explore the
feasibility and efficacy of Al-generated Pilates in improving motor performance and alleviating the FOF
among older adults.

2 Methods
2.1 Participants
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The present study was quasi-experimental and conducted in the field. Thirty female older adults aged
65 years and older were purposefully selected and assigned to either the experimental group (n = 15) or the
control group (n = 15). Participants were included if they were 65 years or older, lived independently in the
community, could walk without assistive devices, had no significant medical contraindications for physical
activity, could communicate, had sufficient self-reported vision and hearing to follow the exercises, and
provided written informed consent. Exclusion criteria were individuals unable to walk independently, those
with a Mini-Mental State Examination (MMSE) score below 24 [21] or a Barthel Index (BI) score under
80 [22], severe visual or auditory impairments, unstable cardiovascular conditions, neurological disorders
that could hinder participation, or a history of upper- or lower-limb fractures within the past year. Initially,
demographic data of the participants were collected. Subsequently, the Timed Up and Go (TUG) test and
the Falls Efficacy Scale-International (FES-1) were administered to assess motor performance and fear of
falling, respectively. The results of these assessments were recorded as pre-test data for each participant.
Then, the experimental group did the selected Al-based Pilates exercises for 4 weeks, but the control group
continued their usual physical activities as part of their regular daily routine. After 4 weeks, all the tests
were repeated, and the results were recorded as post-test data. Additionally, for ethical considerations based
on the Declaration of Helsinki, all stages of the study were discussed with the subjects. Written informed
consent was obtained from the participants themselves. Additionally, they were told that the examiner
would take appropriate measures if there were any issues during the assessments. The subjects were in-
structed on how to perform each test. All steps were explained verbally to the participants. Before starting
the tests, the procedure was presented to them verbally. The TUG test was performed three times, with the
mean value of each variable recorded as study data, while the FES-I was administered only once.

2.2 Measurement and Tools
Assessment of Motor Performance

This study evaluated motor performance using the TUG test. Participants were instructed to stand up
from an armless chair without hand support, walk 8 feet (2.44 meters), turn around, return to the chair, and
sit down. They were encouraged to complete the task as quickly and efficiently as possible without running,
and the total time taken was recorded as their score [23]. Good validity and reliability have been reported
for this test [24].

Assessment of Fear of Falling

The Falls Efficacy Scale-International (FES-I) questionnaire assessed the fear of falling among older
adults. This questionnaire comprises 16 items, each rated on a four-point Likert scale, where "1" indicates
no fear, "2" represents mild fear, "3" corresponds to moderate fear, and "4" signifies severe fear. The total
score ranges from 16 to 64, with higher scores reflecting greater fear of falling [25]. A study examined the
validity and reliability of the Persian version of this questionnaire, yielding a satisfactory value of 0.70 [26].
Additionally, internal consistency was evaluated using Cronbach’s alpha, which demonstrated an excellent
reliability coefficient of 0.98, confirming the strong psychometric properties of this scale [26].

Implementation of the training programs

A day after the pre-testing, the implementation of the respective training programs for the experimental
group commenced. The experimental group was administered the 4-week Al-generated Pilates training
program, which was created using Scopus Al. The prompt includes the specifics of the training program
using the principles of frequency, intensity, time, and type. Below is the exact prompt inputted in the Scopus
Al. It should be noted that the training sessions were 30—40 minutes, including a warm-up (10 minutes),
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Pilates exercise (20 minutes), and a cool-down (10 minutes). Moreover, we provided clear, concise verbal
instructions for each movement and used tactile cues to guide body positioning.

Prompt : Write a 4-week Pilates exercise program for a 65-year-old older adult based on the FITT
principle (Frequency, Intensity, Time, and Type) for optimal results. Please ensure the program includes
specific exercises targeting the identified aging issues and adheres to the FITT principles. Additionally, it
provides explanations for a better understanding of each exercise, emphasizing proper form and technique.

Week Exercise

Diaphragmati
¢ Breathing

Week
1 Pelvic Tilt

(Supine)

Heel
Raises

Bridging

Standing Side

Week Leg Raises

2
Seated Leg
Extensions

Wall Roll-
Downs

Chair-
Assisted
Squats
Seated
Hamstring
Stretch

Week

Week  sjde-Lying

4 Leg Lifts

Table 1. Ai-generated Pilates training program

Description

Deep inhalation through the
nose, ribcage expansion, and
slow exhalation through the
mouth while engaging the core
Lying down, tilt the pelvis
backward to flatten the lower
back

Standing on toes and lowering
back down
Lifting hips off the ground
while lying down
Lifting one leg sideways while
standing

Extending one leg at a time
while seated

Rolling down the spine against
a wall and back up

Performing controlled squats
using a chair

Stretching hamstrings while
seated

Lifting the top leg while lying
on the side

Repetitions/Sets

5 minutes

10 reps

10 Reps

10 Reps

10 reps per leg

10 reps per leg

10 Reps

10 Reps

Hold for 20 sec per
leg

10 reps per leg

FITT Principle

F: 3x/week, I: Low, T: 20
min, T: Mat-based Pilates

F: 3x/week, I: Low, T: 20
min, T: Mat-based Pilates

F: 3x/week, I: Low, T: 20
min, T: Mat-based Pilates
F: 3x/week, I: Low, T: 20
min, T: Mat-based Pilates
F: 3x/week, I: Low, T: 20
min, T: Mat-based Pilates

F: 3x/week, I: Low, T: 20
min, T: Mat-based Pilates

F: 3x/week, I: Moderate, T:

20 min, T: Balance &
flexibility exercises

F: 3x/week, I: Moderate, T:

20 min, T: Balance &
flexibility exercises

F: 3x/week, I: Moderate, T:

20 min, T: Balance &
flexibility exercises

F: 3x/week, I: Moderate, T:

20 min, T: Strength &
mobility exercises
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Step-Ups ) F: 3x/week, I: Moderate, T:
) Stepping up onto a stable .
(Using Low . 10 reps per leg 20 min, T: Strength &
platform and stepping down . .
Step) mobility exercises

F: 3x/week, I: Moderate, T:
20 min, T: Strength &
mobility exercises

Standing Arm Moving extended arms in 10 reps forward &
Circles small circular motions backward

F frequency, | intensity, T time, T type
2.3 Data analysis

This study used descriptive statistics to summarize the variables, while inferential statistics were ap-
plied for data analysis. The Shapiro-Wilk test was conducted to assess the normality of data distribution.
An independent t-test was employed for between-group comparisons of variables. Data analysis was con-
ducted at a significance level of 95% with an alpha level less than or equal to 0.05 using SPSS software
version 27.

3 Results

The Shapiro-Wilk test results indicated that the data followed a normal distribution. Table 1 displays
the demographic characteristics of participants in both groups.

Table 2. Demographic characteristics of participants

Variable Groups MeantSD P-value
Experimental 69.2+4

Age (years) 0.88
Control 69.0+3.2
Experimental 156.9+7.7

Height (cm) 0.25
Control 159.7+9
Experimental 71.2+#11.9

Weight (kg) 0.08
Control 78.7+16.2
Experimental 29.0+4.5

BMI (kg/m?) 0.20
Control 30.845.5

BMI Body Mass Index
Table 3. Independent t-test results

Variable Group Pre-test Post-test t P-value
Motor Experimental 9.2+1.8 7.6+2 -1.58 0.03*
Performance + Control 9+18 8.7+18
Fear of Falling  Experimental 37.76+3.08 28.59+3.16 -7.72 0.001*
Control 35.76x2.90 37.30+1.88

* Indicating a significant change from pre-test to post-test
+ Mean and standard deviations scores of the TUG test in seconds
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The findings (Table 3) showed that there was a significant difference between the two groups in the
scores of the TUG test (p<0.03) and the FES-1 questionnaire (p<0.001).

5. Discussion and Conclusion

This study demonstrated the effectiveness of an Al-generated training program in enhancing motor
performance and reducing fear of falling among older adults. The rapid advancement of Al technology
offers a promising avenue for improving the quality of life in aging populations. While Al has traditionally
been developed to assist older adults, its applications extend to alleviating various functional impairments.
Research on Al-driven rehabilitation programs for older adults suggests that Al has potential benefits for
the elderly [27]. A study showed that a hybrid exercise program consisting of eight-form Tai Chi and
strength and endurance exercises can more effectively improve physical fitness and reduce frailty among
the elderly [28]. Another study indicated that artificial intelligence-based serious games can help older
adults prevent dementia [29]. Ensuring the transparency and interpretability of Al models is crucial in
healthcare, as medical professionals must utilize Al-driven insights and comprehend the rationale behind
them. When transparently designed, Al systems can seamlessly integrate into digital healthcare platforms,
including telemedicine services and mobile health applications [30]. These integrations improve the acces-
sibility of Al-powered medical solutions, benefiting healthcare providers, caregivers, and patients [31].
Additionally, Al-powered robotic systems have shown great potential in therapeutic contexts for the elderly,
enhancing social engagement and communication through adaptive interventions [32]. Concerning this
matter, it was found that the humanoid robot is designed for close interaction with older adults, monitoring
vital signs, emotions, and cognitive states while assisting with daily tasks and alerting caregivers to anom-
alies [27]. Communication was also enabled via a Telegram bot, and a machine learning model based on
the Modified Early Warning Score (MEWS) was developed to predict health status. In a systematic review,
it was revealed that chatbots may improve physical activity [33]. Constrained Al chatbots are rule-based,
well-structured, and easy to build, control, and implement, thus ensuring quality and consistency in content
structure and delivery [34]. The findings of this study highlight the potential of Al-based Pilates as an
effective intervention for improving motor performance and reducing fear of falling in older adults. Given
the high prevalence of balance impairments and fall-related injuries in aging populations, integrating Al-
driven exercise programs into rehabilitation and preventive care can enhance accessibility, personalization,
and adherence. Al-based systems can provide real-time feedback, adapt difficulty levels based on individual
progress, and ensure consistent training, making them scalable solutions for clinical and home-based set-
tings. These results emphasize the need for further research on Al-assisted rehabilitation strategies to opti-
mize mobility, independence, and overall quality of life in older adults.

Limitations and Future Directions

Despite the promising outcomes of this study, several limitations must be acknowledged. First, the sample
size was relatively small, which may limit the generalizability of the findings to a broader population of
female older adults. Additionally, the study focused on a short intervention period of four weeks, and the
long-term effects of the Al-generated Pilates training on motor performance and fear of falling remain
uncertain. Another limitation is the potential variability in individual responses to the training, as factors
such as baseline physical fitness, muscle strength, and adherence to the program could influence the results.
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Furthermore, while Al-generated programs offer personalization, they may not fully account for nuanced
biomechanical adaptations unique to older adults. Future studies should further incorporate larger sample
sizes, extended follow-up periods, and comparisons with traditional rehabilitation methods to validate the
efficacy and sustainability of Al-driven interventions.

Conflict of interest

The authors declared no conflicts of interest.

Authors' contributions

All authors contributed to the original idea and study design.

Ethical considerations

The participants have considered ethical issues, including informed consent, plagiarism, data fabrication,
misconduct and/or falsification, double publication and/or redundancy, submission, etc.

Funding

This research did not receive any grant from funding agencies in the public, commercial, or non-profit
sectors.

References

1. 0. Jane Osareme, M. Muonde, C. P. Maduka, T. O. Olorunsogo, and O. Omotayo, "Demographic shifts and
healthcare: A review of aging populations and systemic challenges,” Int. J. Sci. Res. Arch, vol. 11, pp. 383-395,
2024.

2. A. B. Dey, "World report on ageing and health," Indian Journal of Medical Research, vol. 145, no. 1, pp. 150-
151, 2017, doi: 10.4103/0971-5916.207249.

3. Q. Xu, X. Ou, and J. Li, "The risk of falls among the aging population: a systematic review and meta-analysis,"
Frontiers in public health, vol. 10, p. 902599, 2022.

4. Q. Cui, Y. Zhong, Y. Gui, S. Ma, and Y. Ge, "Experiences and perceptions of fear of falling in older adults: A
systematic review and meta-synthesis of qualitative studies,” Geriatric Nursing, vol. 61, pp. 324-335, 2025.

5. A. Schinkel-lvy, E. L. Inness, and A. Mansfield, "Relationships between fear of falling, balance confidence, and
control of balance, gait, and reactive stepping in individuals with sub-acute stroke," Gait & posture, vol. 43, pp.
154-159, 2016.

6. W. Ma et al., "Association between fear of falling and mortality in middle-aged and older adults: A systematic
review and meta-analysis," Geriatric Nursing, vol. 59, pp. 113-120, 2024.

7. W. Xiong, D. Wang, W. Ren, X. Liu, R. Wen, and Y. Luo, "The global prevalence of and risk factors for fear of
falling among older adults: a systematic review and meta-analysis," BMC geriatrics, vol. 24, no. 1, p. 321, 2024.

8. M. Sapmaz and B. Mujdeci, "The effect of fear of falling on balance and dual task performance in the elderly,"
Experimental Gerontology, vol. 147, p. 111250, 2021/05/01/ 2021, doi:
https://doi.org/10.1016/j.exger.2021.111250.

9. A. Trombetti et al., "Age-associated declines in muscle mass, strength, power, and physical performance: impact
on fear of falling and quality of life," Osteoporosis international, vol. 27, pp. 463-471, 2016.

10. A. Goktas, O. Inal, E. Ozkan, and S. Ozding, "The Fear of Falling, Physical Activity, and Quality of Life in
Elderly After COVID-19," SAGE Open, vol. 13, no. 4, p. 21582440231213473, 2023, doi:
10.1177/21582440231213473.

11. J. C. Campos et al., "Exercise preserves physical fitness during aging through AMPK and mitochondrial dynam-
ics," Proceedings of the National Academy of Sciences, vol. 120, no. 2, p. e2204750120, 2023.



Journal of Advances in Para Sport Science (APSS). 2024; volume 4 (issue 1) 121

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

J. M. Cancela, I. M. de Oliveira, and G. Rodriguez-Fuentes, "Effects of Pilates method in physical fitness on older
adults. A systematic review," European Review of Aging and Physical Activity, vol. 11, no. 2, pp. 81-94,
2014/10/01 2014, doi: 10.1007/s11556-014-0143-2.

P. Latey, "The Pilates method: history and philosophy," Journal of bodywork and movement therapies, vol. 5, no.
4, pp. 275-282, 2001.

B. D. Anderson and A. Spector, "Introduction to Pilates-based rehabilitation,” Orthopaedic Physical Therapy
Clinics of North America, vol. 9, no. 3, pp. 395-410, 2000.

J. F. de Campos Janior, L. C. de Oliveira, A. L. Dos Reis, L. I. M. de Almeida, L. V. Branco, and R. G. de
Oliveira, "Effects of pilates exercises on postural balance and reduced risk of falls in older adults: a systematic
review and meta-analysis,” Complementary therapies in clinical practice, p. 101888, 2024.

L. D. Da Silva, A. Shiel, and C. Mcintosh, "Pilates reducing falls risk factors in healthy older adults: a systematic
review and meta-analysis," Frontiers in medicine, vol. 8, p. 708883, 2021.

M. Chen and M. Decary, "Artificial intelligence in healthcare: An essential guide for health leaders,” Healthcare
Management Forum, vol. 33, no. 1, pp. 10-18, 2020, doi: 10.1177/0840470419873123.

J. Wang, Y. Liang, S. Cao, P. Cai, and Y. Fan, "Application of artificial intelligence in geriatric care: bibliometric
analysis,” Journal of Medical Internet Research, vol. 25, p. e46014, 2023.

W. A. Rogers, A. J. Stronge, and A. D. Fisk, "Technology and aging," Reviews of human factors and ergonomics,
vol. 1, no. 1, pp. 130-171, 2005.

B. Ma et al., "Artificial intelligence in elderly healthcare: A scoping review," Ageing Research Reviews, vol. 83,
p. 101808, 2023.

M. Folstein, S. Folstein, and P. McHugh, "5.2 mini-mental state examination (mmse)," Manual of Screeners for
Dementia, vol. 51, 2020.

H. Bouwstra et al., "Measurement properties of the Barthel Index in geriatric rehabilitation,” Journal of the Amer-
ican Medical Directors Association, vol. 20, no. 4, pp. 420-425. e1, 2019.

E. Ebrahimi, F. Mohammadi, N. Tabatabaei, and S. Mozafari, "The Effect of Game-based Intervention on Postural
Control and Motor Per-formance in Children with Intellectual Impairment,” Journal of Asian Paralympic Move-
ment (APM), vol. 4, no. 1, pp. 11-19, 2024.

J. Salb et al., "Test—retest reliability and agreement of physical fall risk assessment tools in adults with intellectual
disabilities,” Journal of Intellectual Disability Research, vol. 59, no. 12, pp. 1121-1129, 2015, doi:
https://doi.org/10.1111/jir.12216.

A. Shirini, S. Arsham, and R. Yaali, "The relationship between fear of falling, anxiety, functional mobility and
balance in nursing-home older adults,” Motor Behavior, vol. 9, no. 29, pp. 135-148, 2017.

D. Khajavi, "Validation and reliability of Persian version of fall efficacy scale-international (FES-I) in commu-
nity-dwelling older adults,” Iranian Journal of Ageing, vol. 8, no. 2, pp. 39-47, 2013.

A. A. Cantone, M. Esposito, F. P. Perillo, M. Romano, M. Sebillo, and G. Vitiello, "Enhancing Elderly Health
Monitoring: Achieving Autonomous and Secure Living through the Integration of Artificial Intelligence, Auton-
omous Robots, and Sensors," Electronics, vol. 12, no. 18, p. 3918, 2023. [Online]. Available:
https://www.mdpi.com/2079-9292/12/18/3918.

D. Meng et al., "Effectiveness of a Hybrid Exercise Program on the Physical Abilities of Frail Elderly and Ex-
plainable Artificial-Intelligence-Based Clinical Assistance," International Journal of Environmental Research and
Public Health, vol. 19, no. 12, p. 6988, 2022. [Online]. Available: https://www.mdpi.com/1660-4601/19/12/6988.
S.-J. Eun, E. J. Kim, and J. Kim, "Artificial intelligence-based personalized serious game for enhancing the phys-
ical and cognitive abilities of the elderly,” Future Generation Computer Systems, vol. 141, pp. 713-722,
2023/04/01/ 2023, doi: https://doi.org/10.1016/j.future.2022.12.017.

R. S. Weinstein et al., "Telemedicine, telehealth, and mobile health applications that work: opportunities and
barriers," The American journal of medicine, vol. 127, no. 3, pp. 183-187, 2014.



Journal of Advances in Para Sport Science (APSS) (2783-3453) 122

31. K. A. Kessel, M. M. Vogel, F. Schmidt-Graf, and S. E. Combs, "Mobile apps in oncology: a survey on health
care professionals’ attitude toward telemedicine, mHealth, and oncological apps," Journal of medical Internet
research, vol. 18, no. 11, p. €312, 2016.

32. W. Xiao, K. Chen, J. Fan, Y. Hou, W. Kong, and G. Dan, "Al-driven rehabilitation and assistive robotic system
with intelligent PID controller based on RBF neural networks," Neural Computing and Applications, vol. 35, no.
22, pp. 16021-16035, 2023.

33. Y. J. Oh, J. Zhang, M.-L. Fang, and Y. Fukuoka, "A systematic review of artificial intelligence chatbots for
promoting physical activity, healthy diet, and weight loss," International Journal of Behavioral Nutrition and
Physical Activity, vol. 18, no. 1, p. 160, 2021/12/11 2021, doi: 10.1186/s12966-021-01224-6.

34. A. Fadhil, "Can a chatbot determine my diet?: Addressing challenges of chatbot application for meal recommen-
dation," arXiv preprint arXiv:1802.09100, 2018.



