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Introduction 

 Hip fractures in elderly women represent 

a major health concern, especially due to 

the increasing prevalence of 

osteoporosis and the associated risks of 

falling. Understanding the nature causes, 

 

Abstract 
Background and Objective: Hip fractures in elderly women pose a significant health concern due to the 
increased prevalence of osteoporosis and the associated risks of falls. Understanding the nature, causes, 
treatment options, and outcomes of these fractures is essential for improving patient care and minimizing 
complications. This study aimed to compare the effects of two exercise methods—aquatic therapy alone 
and a combination of aquatic therapy and Pilates—over 8 weeks on the proprioception of the hip joint in 
elderly women with a history of hip surgery. 
Materials and Methods: This was a randomized controlled clinical trial with a pre-test and post-test 
design. Thirty-six women with a history of hip surgery participated in the study. The participants were 
randomly assigned to three groups: the aquatic exercise group (n=12), the combined exercise group 
(aquatic therapy plus Pilates) (n=12), and the control group (n=12). The intervention groups performed 
the respective exercises in addition to their daily activities, while the control group only engaged in their 
regular activities throughout the study period. Proprioception was assessed using a goniometer before 
and after the intervention. Data were analyzed using repeated-measures analysis of variance (ANOVA) in 
SPSS version 21. 
Results: The findings revealed significant differences in the proprioception of the hip joint between the 
intervention groups and the control group, as well as between the two intervention groups. Specifically, 
the combined exercise group (aquatic therapy and Pilates) showed a greater effect and higher effect size 
on improving joint proprioception compared to the aquatic therapy group (P=0.001). 
Conclusion: It is recommended that coaches, occupational therapists, corrective exercicses specialists, and 
sports physiotherapists incorporate the benefits of a combined aquatic therapy and Pilates program into 
their rehabilitation plans, considering the specific needs and abilities of this population. 
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treatment options and outcomes of these 

fractures is essential for improving patient care 

and minimizing complications (García et al., 2020). 

Although hip fractures are relatively uncommon, 

they are becoming an increasingly significant issue 

within the elderly population, particularly among 

women. The incidence of these fractures rises with 

age, primarily due to factors like decreased bone 

density and the higher risk of falling. 

Approximately 3% of all fractures in adults are hip 

fractures, with a higher incidence in older 

individuals due to low-energy impacts such as falls 

from a standing height (Picon et al., 2021). The 

psychological and social impact of hip fractures is 

profound, with many patients experiencing 

heightened anxiety and social isolation following 

the injury (Taylor et al., 2024). A common outcome 

is the transition from independent living to 

potential home nursing care. The proportion of 

people requiring organized care doubles after a 

hip fracture. Furthermore, the psychological 

effects may result in long-term emotional distress, 

including depression and reduced participation in 

social activities. This issue is worsened by the 

social stigma associated with aging and disability, 

which can further alienate those affected (Taylor 

et al., 2024). The long-term consequences of hip 

fractures are significant. Many individuals who 

lived independently before their fracture may 

become reliant on caregivers or institutional 

support afterward. Loss of muscle mass and 

strength during recovery can increase the risk of 

subsequent falls, leading to a cycle of declining 

physical health and independence (Shiga et al., 

2008). 

Recent studies have examined the impact of various 

exercise methods on the health and physical 

function of elderly women. Research has shown 

that aquatic exercises can help improve muscle 

strength and increase the range of motion. For 

example, one study found that aquatic exercises 

reduced lower back pain and improved physical 

performance in elderly women (Babaei et al., 2021). 

Additionally, Pilates exercises, which focus on 

strengthening core muscles and improving balance, 

have a positive effect on range of motion and 

muscle strength (Jolayi et al., 2017). Pilates involves 

a series of low or moderate-intensity movements 

designed to stretch, strengthen, and balance the 

body (Mousavi et al., 2022). Pilates exercises 

include multi-axis trunk and limb movements that 

start with stabilizing the core and continue through 

a controlled range of motion (Widan et al., 2005). 

The practice also promotes awareness and 

improvement of body posture. The discipline 

includes 500 stretching and strengthening 

movements, divided into two categories: mat 

exercises, typically done seated and using 

equipment such as balls, resistance bands, and 

others, and machine exercises, which require 

resistance through stretching or jumping (Mai, 

2021; Kokiya, 2024; Moja, 2012). Another unique 
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feature of Pilates is that it engages the entire body, 

contracting both the largest and smallest muscles. 

The movements in Pilates differ from traditional 

exercises (Kim, 2013). Pilates emphasizes the 

importance of practical motivation for improving 

motor learning through rigorous practice and 

repetition of proper movements to achieve 

training standards, leading to better motor 

performance and reduced injury risk (Rodriguez et 

al., 2002). 

Aquatic exercises are beneficial due to the 

buoyancy of water, which reduces joint pressure 

and helps increase the range of motion (Babaei et 

al., 2021). Research has demonstrated that these 

exercises can alleviate chronic pain and improve 

quality of life. Pilates, with its focus on core muscle 

strengthening, can enhance overall body strength 

and prevent injuries (Jolayi et al., 2017). These 

exercises can also improve balance, which is 

particularly important for elderly women. Overall, 

both exercise methods can positively impact the 

range of motion, strength, and hip joint function in 

elderly women. However, the choice between 

these two methods may depend on individual 

conditions, previous activity levels, and personal 

preferences. Further research is required to 

determine the best exercise protocols for this age 

group. 

Aquatic therapy can be an effective intervention 

for elderly women with a history of hip surgery, 

particularly in enhancing balance, reducing pain, 

and improving overall function. One study found 

that an aquatic therapy program significantly 

improved balance in elderly women, reducing the 

risk of falls, which is particularly important given 

that falls are a significant health concern in this 

population (Moureira et al., 2020). Aquatic therapy 

has been shown to reduce pain and improve 

functional abilities in elderly women with 

conditions like knee osteoarthritis. In a controlled 

trial, participants reported significant reductions in 

pain levels and improvements in function after 

completing an aquatic therapy regimen (Fisher et 

al., 2006). 

Mousavi Sadati et al. (2022) compared the effects 

of selected Pilates exercises, resistance band 

exercises, and weight training on the strength and 

flexibility of elderly women. All three groups 

showed significant progress, but no significant 

differences were found between the groups, as 

none of the methods were superior to the others. 

Therefore, performing Pilates, weight training, and 

resistance band exercises, depending on the 

availability of equipment and facilities for elderly 

individuals, is beneficial. This exercise regimen can 

reduce negative physical outcomes and associated 

healthcare costs, slow the aging process, and 

improve the daily activities of elderly individuals. 

Research suggests that both aquatic exercises and 

Pilates can improve flexibility, strength, and overall 

functional performance in the elderly. For example, 

aquatic exercises have been shown to provide 

therapeutic benefits such as reducing joint pain and 

improving mobility due to the buoyancy of water, 

which decreases joint stress while providing 

resistance to strengthen muscles (Bartels et al., 
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2016). 

The need to compare these two exercise methods 

arises from the importance of identifying the most 

effective rehabilitation strategy to improve hip 

joint function in this specific population. While 

both methods have demonstrated positive 

outcomes in enhancing functional abilities and 

reducing pain, understanding their relative 

effectiveness enables healthcare providers to 

more effectively tailor rehabilitation programs to 

meet individual needs. Previous studies indicate 

that both hydrotherapy (aquatic exercises) and 

land-based exercises yield similar improvements 

in functional tests among elderly individuals with 

knee osteoarthritis. This suggests a potential 

equivalence in effectiveness, which may also apply 

to hip rehabilitation (Etesami et al., 2022). 

Water-based training offers a distinctive 

environment that is ideal for rehabilitation. The 

properties of water enable low-impact exercises, 

making them especially beneficial for elderly 

individuals with joint problems. Research has 

shown that water exercises can significantly 

alleviate pain, improve joint function, and enhance 

overall physical health in the elderly. Furthermore, 

the warm water used in many aquatic programs 

can help reduce stiffness and promote muscle 

relaxation, making it an excellent option for post-

surgery rehabilitation (Bartels et al., 2016). 

Conducting a study that compares these two 

methods not only adds to existing knowledge but 

also informs clinical practices regarding 

rehabilitation strategies for elderly women after 

hip surgery. Therefore, the goal of this study is to 

compare the effects of eight weeks of aquatic 

therapy, with and without Pilates, on 

proprioception of hip joint in elderly women with a 

history of hip surgery. 

Research Methodology 

This study utilized a randomized clinical trial design 

with pre-test and post-test measurements. The 

study population included elderly women aged 60 

to 75 years who had a history of hip surgery in 

Tehran. Convenience sampling was employed, and 

the sample size was calculated using G Power 

software (effect size 0.15, test power 0.8, and 

significance level 0.05), resulting in 36 participants. 

The sample was recruited from corrective exercise 

centers in Tehran, and participants were randomly 

assigned to one of three groups: water exercise, 

water exercise with Pilates, and a control group. 

The intervention groups participated in eight weeks 

of aquatic exercises combined with Pilates, while 

the control group maintained their usual daily 

activities without engaging in any structured 

exercise program. 

Research Instruments 

Hip joint proprioception was assessed using a 

goniometer. The hip joint was tested at a 60-degree 

flexion angle. For the active restoration test, the 

joint was positioned at a zero-degree angle, and 

participants were instructed to return the joint to 

the original position with their eyes closed. The 

angular discrepancy was measured, and the test 

was repeated three times. The average of the three 

recorded angles was used as the index for joint 
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proprioception. This test was performed both 

before and after the treatment protocol, with the 

difference between the two stages representing 

the change in proprioception. A smaller difference 

indicates better joint proprioception (Hou, 2010). 

Aquatic Exercise Protocol 

The exercise sessions were held three times per 

week, with each session lasting one hour. The 

sessions took place in a pool, maintaining a water 

temperature of 27–28°C. The intensity of the 

exercises was set at 55% of the participant’s 

maximum heart rate, which was calculated as 220 

minus the participant's age. Each exercise was 

performed in three sets of 15 repetitions per set. 

During the first two weeks, exercises were 

performed with water resistance, and from the 

third week onward, the resistance was gradually 

increased by 5% each week by adjusting the weight 

attached to the target body part (Table 1). 

Table 1: Hydrotherapy Exercises 

No. Exercise Title Exercise Description Objective 

1 Hamstring Stretch 

 
Place your heel on the pool step and grab the step 
with your hands. Keeping your spine straight, bend 
forward from the hip and bring your torso forward. 

Creating stretch 
and flexibility in 
the hamstring 

muscles. 

2 
Gluteus Maximus 

Stretch 

 
Lift one knee and with both hands, hold under the 

knee and pull it as close as possible toward your chest. 

Creating stretch in 
the gluteal and 

hamstring 
muscles. 

3 Back Muscle Stretch 

 
Hang vertically inside a floating tube. Bring both knees 

toward your chest and hold under your knees with 
your hands. 

Creating stretch in 
the gluteal 
muscles. 

4 Pelvic Tilt 

 
Stand with your back to the pool wall. Contract your 
abdominal and gluteal muscles, trying to press the 

arch of your back against the wall so that your pelvis 
moves upward. 

Creating 
contraction in the 

abdominal 
muscles and 
reducing the 

curvature of the 
lower back. 

5 Pelvic Contraction 

 
Stand with your back to the pool wall and hold the 

edge of the pool with both hands. Without lifting your 
back from the wall, contract your abdominal muscles 
and gently lift your legs from the pool floor so your 

knees are bent at 90 degrees. 

Creating stretch in 
the gluteal 

muscles and 
strengthening the 

abdominal and 
quadriceps 

muscles. 

6 
Trunk Flexion with 

Elastic Band 

 
Secure an elastic band to the pool ladder and stand 
facing the pool wall. Grab the band with your hands 
while your arms are bent. Contract your abdominal 

muscles to flex your spine and pull the band. 

Creating 
contraction in the 

abdominal 
muscles. 

7 Knee to Chest 

 
Lie on your back inside a floating tube. While a smaller 

tube is around your ankles, gently bend your thighs 
and knees, bringing your knees toward your chest. 

Creating 
contraction in the 

abdominal and 
quadriceps 
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Slowly bend your spine. muscles. 

8 
Maintain Pelvic Tilt in 

Standing Position 

 
Stand upright holding a ball in front of your chest. 
Contract your abdominal and gluteal muscles to 

flatten your lower back. Now, gently bend your torso 
slightly forward. 

Creating 
contraction in the 

gluteal and 
abdominal 

muscles and 
reducing the 

curvature of the 
lower back. 

9 
Leg Abduction in the 

Sitting Position 
 

Float in the water so that your hips are bent at a 90-
degree angle, your knees are straight, and your arms 
are positioned away from your body. Move your legs 

apart from the hip joint and then bring them back 
together. 

Strengthening the 
abdominal 

muscles and hip 
adductors. 

 

Pilates exercises 

The Pilates program spanned eight weeks, 

consisting of three sessions per week, each lasting 

approximately 50 to 60 minutes. Each session 

included a 10–15 minute Pilates-specific warm-up, 

followed by 30 minutes of core Pilates exercises. 

These exercises addressed various elements, such 

as posture alignment, relaxation, stretching, 

balance, respiratory endurance, and strength 

training, and concluded with a 15-minute Pilates-

specific cool-down. The exercises were organized 

in progressive stages, beginning at the 

introductory level and increasing in difficulty as 

participants advanced. For this study, the 

exercises were carefully selected and adapted by 

the researcher from multiple reputable sources to 

align with the participants' physical capabilities. 

The final program was reviewed and approved by 

academic experts and physiotherapy specialists, 

and the sessions were conducted under the 

supervision of a licensed physiotherapist. The 

protocol comprised six key components: warm-up, 

abdominal muscle strengthening, spinal control 

and mobilization, lateral and shoulder stability, 

back strengthening, pelvic stability, and thigh 

endurance. Before initiating the exercise program, 

participants were instructed on proper breathing 

techniques for inhalation and exhalation. The 

number of repetitions for each exercise ranged 

from 6 to 10, depending on individual capability, 

with gradual progression from basic to more 

advanced levels (Rozik et al., 2020). 

The data were analyzed using a repeated measures 

analysis of variance (ANOVA). A significance level of 

95% was set for the entire study, with α ≥ 0.05. All 

statistical procedures, including descriptive and 

inferential statistics, were conducted using SPSS 

software. 

Findings 

The demographic characteristics of the study 

participants are presented in Table 2. A one-way 

ANOVA was conducted to compare the 

demographic variables across the three groups. The 

analysis revealed no significant differences in any of 

the measured variables (p ≥ 0.05), indicating that 

the groups were homogeneous in terms of 
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demographic characteristics. 

 

Table 2: General Characteristics of Participants in the Two Study Groups (Mean and Standard Deviation) 

Variable 
Water Exercise Group 

(Mean ± Standard 
Deviation) 

Combined Exercise Group 
(Water and Pilates) 

(Mean ± Standard Deviation) 

Control Group 
(Mean ± Standard 

Deviation) 
P 

Age (years) 57.00 ± 6.72 58.30 ± 5.52 58.50 ± 7.94 0.78 

Height (cm) 166.80 ± 5.25 166.70 ± 4.20 167.30 ± 4.57 0.71 

Weight (kg) 69.00 ± 7.36 68.60 ± 7.60 69.60 ± 5.54 0.74 

BMI 26.30 ± 2.20 26.80 ± 2.30 26.78 ± 2.21 0.65 

 

Table 2 presents the proprioception of hip joint, 

data for the three study groups. To examine 

baseline differences, a one-way analysis of 

variance (ANOVA) was conducted for the pre-test 

scores, revealing no significant differences 

between the groups. To assess within-group 

changes from pre-test to post-test, paired t-tests 

were performed. The results indicated that both 

the water exercise and combined exercise (water 

and Pilates) interventions significantly improved 

proprioception of hip joint compared to the pre-

test period. No such improvement was observed in 

the control group, confirming the effectiveness of 

the interventions. Among the groups, the combined 

exercise group (water and Pilates) demonstrated 

the most substantial improvement in 

proprioception of hip joint. 

 

Table 3: Within-Group Differences in the Proprioception Variable 

Variable Group 
Pre-test 
(Mean ± 

SD) 

Post-test 
(Mean ± 

SD) 

   

Pre- and 
post-test 

difference 
test 

t-value 
Statistical 

significance 
(P-value) 

Proprioception 

Aquatic 
therapy 

10±0.18 
 

0.10±7 4 0.019 0.001 ⃰ 

Combined 
therapy 

0.41±11 0.12±4 7 0.035 0.001 ⃰ 

Control 0.50±10 0.30±11 1 2.10 0.78 

* Statistical Significance 

 

To assess the differences between groups before 

and after the interventions (water exercises and 

combined exercises involving water and Pilates), 

one-way ANOVA and repeated measures analysis 

were conducted. The results indicated that the 

covariance matrices related to proprioception of 

hip joint were not significantly different (p ≥ 0.05), 

confirming that the assumption of homogeneity of 

covariance was satisfied. Therefore, the chosen 

statistical test was appropriate for the final analysis 
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of the proprioception data (Table 3). Additionally, 

Levene's test revealed significant differences in 

error variance between groups. However, the 

results of Mauchly’s sphericity test supported the 

assumption of sphericity. Considering the 

significant interaction effect between time and 

group, it was inferred that the changes in 

proprioception over time varied by group. In other 

words, the pattern of change in angular 

reconstruction errors differed across the three 

groups. 

 

Table 4: Results of the Repeated Measures Analysis of Variance for the Proprioception Variable 

M-Box test Levene's test Effect of time Effect of group 
Interaction 

effect of group 
and time 

Variable 

P 
Pre-
test 

Post-
test 

F P F P F P  

0.47 0.68 0.62 13.24 0.001 25.622 0.001 6.30 0.001 

Deep 
Sensation 

of the 
Ankle 

* Statistical Significance 

 

Following the identification of significant 

differences in the initial analysis, the Bonferroni 

post hoc test was employed to further investigate 

group differences with greater precision. The 

results, summarized in Table 5, indicate that both 

the water exercise program and the combined 

program (water and Pilates) significantly reduced 

reconstruction errors in participants compared to 

the control group. Furthermore, a significant 

difference was found between the two intervention 

groups, with the combined program demonstrating 

a greater impact on reducing reconstruction errors 

than the water exercise program alone. 

 

Table 5: Results of the Bonferroni Post Hoc Test for Intergroup Differences 

Variable  Hydrotherapy Combined Control 

Deep Sensation of 
the Thigh 

Hydrotherapy - 0.001 ⃰ 0.001 ⃰ 

Combination 0.001 ⃰ - 0.001 ⃰ 

Control 0.001 ⃰ 0.001 ⃰ - 

* Statistical significance 

Discussion 

The findings of this study revealed a significant 

improvement in proprioception of hip joint levels 

following the application of both aquatic and 

combined (aquatic and Pilates) exercise programs 

among the three study groups—control, aquatic 

exercise, and combined exercise. Notably, 

measurement errors in proprioception decreased 

among elderly female participants with a history of 

hip surgery after engaging in these exercise 
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interventions. Furthermore, the combined 

exercise group demonstrated a greater effect size 

and a more substantial reduction in reconstruction 

angle errors compared to the aquatic-only group. 

These results are consistent with prior research by 

Maxwell et al. (2008), Lo et al. (2010), Sudan et al. 

(2002), and Roche et al. (2005), although they 

differ from the findings of Kim et al. (2001), likely 

due to variations in exercise protocols and 

participant characteristics. 

This study offers valuable insights into the impact 

of an eight-week aquatic therapy program, with 

and without Pilates, on proprioceptive of hip joint, 

abilities in elderly women. Both forms of 

intervention significantly enhanced 

proprioception in participants with a history of hip 

fractures, contributing positively to emotional 

well-being, body awareness, and overall quality of 

life. These outcomes support existing literature 

suggesting that aquatic exercise improves both 

physical and psychological health in older 

populations (Kim et al., 2001). The supportive 

nature of water—offering buoyancy and 

resistance—may increase participant comfort, 

engagement, and enjoyment during physical 

activity (Kim et al., 2013). 

Numerous studies have reinforced the benefits of 

water-based exercises for elderly individuals. For 

instance, aquatic aerobic therapy has been shown 

to enhance muscular strength, flexibility, and 

balance, thereby reducing the risk of falls. 

Likewise, comparative studies indicate that both 

Pilates and aquatic exercises effectively decrease 

pain intensity and disability in individuals with non-

specific chronic lower back pain (Bass et al., 2010). 

These findings collectively highlight a strong 

consensus in the literature regarding the role of 

water-based exercises in improving functional 

abilities and quality of life among older adults. 

Aquatic therapy, a form of rehabilitation that uses 

water for therapeutic exercise, improves 

proprioception of hip joint through multiple 

mechanisms. The buoyancy of water minimizes 

joint stress, allowing individuals to perform 

exercises with less pain and greater mobility—an 

advantage especially relevant for those recovering 

from surgery or dealing with arthritis (Smitz et al., 

2012). Warm water further promotes muscle 

relaxation and improved circulation, supporting 

tissue healing while reducing discomfort. In 

addition, hydrotherapy provides a calming 

atmosphere that helps alleviate anxiety and 

enhance mental well-being—factors that play a key 

role in effective recovery (Hartman et al., 2002). 

The sensory feedback provided by water may also 

enhance cognitive function and sensory integration, 

making aquatic therapy a comprehensive approach 

for addressing both physical and mental health 

needs. As such, it serves as a holistic tool for 

improving physical capability while fostering 

emotional resilience (Gisto et al., 2023). 

Pilates, on the other hand, enhances 

proprioception of hip joint by developing deep body 

awareness and control through structured 

exercises focusing on core stability, controlled 

breathing, and precise movement. At the heart of 
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Pilates is the 'powerhouse'—the muscles of the 

abdomen, lower back, and pelvis. Every 

movement begins with the engagement of these 

core muscles, especially the transverse abdominis, 

which is critical for spinal and pelvic stability 

(Parker et al., 2010). Pilates encourages a mind-

body connection through mindful focus and 

breath control, leading to improvements in 

physical strength, flexibility, mindfulness, and 

concentration. With regular practice, Pilates can 

significantly boost proprioceptive skills, thereby 

enhancing coordination, posture, and balance. 

These findings underscore the importance of 

individualized exercise programs for older adults. 

Given the demonstrated benefits of both aquatic 

therapy and Pilates, healthcare professionals 

should tailor interventions to the specific 

preferences, abilities, and health conditions of 

each patient. Additionally, as some studies suggest 

the value of complementary interventions for 

improving balance, future research could explore 

the integration of additional training methods with 

aquatic therapy to further enhance outcomes. This 

study adds to the expanding body of evidence 

supporting the effectiveness of aquatic and 

Pilates-based interventions in improving 

proprioception of hip joint and overall well-being 

in elderly women. Despite the encouraging results, 

further research is warranted to fully understand 

their potential across diverse health outcomes. In 

particular, the nuanced effects on balance 

observed here call for continued investigation into 

how these exercise modalities can be further 

optimized for older adults. 

Conclusion 

In conclusion, the results of this study 

demonstrated that the combined exercise program 

produced a more significant reduction in 

reconstruction error (proprioception) compared to 

water-based exercises alone. It is recommended 

that coaches, occupational therapists, corrective 

movement specialists, and sports physiotherapists 

incorporate the combined hydrotherapy and Pilates 

approach into rehabilitation plans, adapting it to 

the specific needs and abilities of this population. 
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