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Abstract 
 

Introduction: Physiological changes induced by aging decreases balance and increases the risk of falls more 

specificaaly among women. The aim of present study was to investigate the effects of aquatic exercises on the 

engagement of sensory components of system that controls static balance in elderly women. 

Materials and Methods: In this applied, semi-experimental study, with pre-test-post-test design and a control group, 

symptom-free elderly women of 60 to 70 years old were randomly assigned into aquatic, hippotherapy and control 

group (10 people each). The participation of sensory components of postural control system (visual, vestibular, 

somatosensory) in static balance was measured before and after 16 training sessions using the sensory organization 

test by the Synapsis® posturography system. The aquatic exercise group and the hippotherapy group participated in 

the relevant exercise protocol for 8 weeks, 2 sessions per week (50 minutes) and the control group continued their 

normal life. The data was analyzed using the paired T-test for intra-group comparisons and independent T-test to 

examine the between-group differences. 

Results: The results showed that the aquatic exercise group had better performance in the post-test compared to the control 

group. Aquatic training significantly improved the vestibular system function in anterior-posterior direction, somatosensory 

system, static balance in anterior-posterior and medial-lateral directions in elderly women (P = 0.001 for all). 

Conclusion: In general, aquatic exercise may be recommended as an alternative strategy in a safer environment for 

improving the participation of sensory components of the systems that controls static balance in elderly females. 
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Introduction 
Aging is a multifaceted biological process modulated 

by an interplay of genetic, environmental, and social 

determinants (1), typically accompanied by a 

progressive deterioration in physical and cognitive 

functions (2). This systemic decline extends to postural 

control mechanisms (3). Specifically, advancing age 

impairs the nervous system's ability to integrate visual, 

vestibular, and somatosensory inputs, all of which are 

critical physiological components of balance 

maintenance (4). Such dysfunction in postural control 

systems severely restricts functional capacity, 

mobility, and safe ambulation among the elderly (5). 

Consequently, this leads to a diminished proficiency in 

executing activities of daily living (ADL) and elevates 

the predisposition to falls and associated severe 

complications, including fragility fractures. 

Human balance is a complex, multidimensional 

concept defined as an individual's ability to maintain 

the Center of Pressure (CoP) within the base of support 

to prevent falls (1). This process is regulated by an 

organized network of interactive systems within the 

body (8). Muscle activity for balance maintenance is 

controlled by the Central Nervous System (CNS) 

through the integration of somatosensory, visual, and 

vestibular inputs (9). Proprioception, originating from 

muscles and cutaneous receptors, provides information 

regarding the body's position in space and the relative 

orientation of body segments (10). Simultaneously, the 

visual system provides data on the external 

environment (11), and the vestibular apparatus 

transmits information concerning the direction and 

velocity of head movement relative to gravity (12) to 

the CNS. Overall, postural regulation requires the 

integration of sensory information via the CNS to 

generate an appropriate postural response that 

maintains stability during standing and walking; 

however, this response varies with the specific task and 

how it is performed (13). Consequently, the efficiency 

of these sensory systems is critical across all age 

groups, as any dysfunction leads to postural instability 

and an increased risk of injury (14). To enhance 

balance, it is essential to optimize the sensory input 

from the visual, vestibular, and somatosensory systems 

to activate anti-gravity muscles and improve stability 

(15). One recommended approach for stimulating 

these sensory systems is aquatic exercise, which is 

advised as an effective therapeutic adjunct for 

maintaining physical function, improving balance, and 

reducing the risk of falls in the elderly (11-18). The 

physical properties of water, combined with targeted 

exercises, can satisfy many of the physical objectives 

outlined in a balance rehabilitation program. 

The aquatic environment is both safe and effective 

for geriatric rehabilitation, as water simultaneously 

influences musculoskeletal function and enhances 

postural balance (20). The buoyant property reduces 

the compressive forces acting on the joints (21), which 

may reduce perceived fatigue and help conserve 

energy (22). Furthermore, the viscosity and 

hydrodynamic forces of water create resistance, 

requiring the individual to exert greater force during 

movement (21). In other words, aquatic exercise 

enables high-intensity training and, consequently, 

muscle strengthening. Simultaneously, the reduced 

joint compression and the effects of immersion ensure 

greater comfort for the individual. 

Various studies have demonstrated the efficacy of 

aquatic exercise in enhancing balance, alleviating pain, 

and improving overall physical function in the elderly 

(11, 23-25). Furthermore, aquatic exercise reduces the 

risk of falls in this population by increasing muscle 

strength and improving postural stability during 

standing and ambulation (11). However, limited 

research has examined the specific contributions of the 

individual sensory components of the balance control 

system (21). Using precision instruments such as 

posturography, it is possible to measure the internal 

adaptations of the sensory systems involved in balance 

control by introducing perturbations and altering 

environmental conditions; this allows evaluation of 

deficits within each sensory system and monitoring of 

their recovery (21). Currently, no published research 

has rigorously analyzed the efficacy of aquatic 

exercise in maintaining balance against various 

sensory perturbations that may occur during training, 

nor has it separately reported the effects on the visual, 

vestibular, and somatosensory systems. Therefore, the 

present study aims to answer the following question: 

How does a course of aquatic exercise influence the 

contribution of the sensory components of static 

balance control in asymptomatic older women? 
 

Materials and Methods 
This study employed a quasi-experimental applied 

design with a pretest-posttest control-group design. 

The protocol was approved by the Ethics Committee 

of Islamic Azad University, Najafabad Branch, and 

was registered in the Iranian Registry of Clinical Trials 

(IRCT). The current study is part of a larger project 

targeting asymptomatic older women. The target 

population consisted of older women residing near the 

equestrian center and the swimming pool. Participants 

were divided into three groups: equine-assisted 

therapy, aquatic exercise, and a control group. Due to 

the volume of analyses, the present study focuses 
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specifically on comparing the aquatic exercise group 

and the control group. 

Sampling: Recruitment was conducted through 

public announcements in neighborhoods adjacent to 

the swimming pool of Islamic Azad University and the 

Chogan Espadana Equestrian Club. A convenience 

sampling method was used to select elderly female 

volunteers residing in Najafabad. The sample size was 

estimated using G*Power software (version 3.1.9.2, 

University of Düsseldorf, Germany), based on a type I 

error of 0.05, a power of 0.8, and an effect size of 0.3, 

resulting in a total of 20 participants (10 per group). >> 

Participants were briefed on the study objectives and 

procedures, after which they completed a personal 

information form (including age, height, weight, 

exercise history, and medical history) and signed an 

informed consent form. Inclusion criteria included the 

ability to follow simple instructions and the capacity to 

perform posturography tests, ambulate in water, and 

mount a horse using a platform. Exclusion criteria 

consisted of hypersensitivity to the pool environment 

or chlorine, dizziness or other balance disorders, 

physical impairment resulting from stroke or surgery, 

muscular dystrophies, severe spinal disorders, 

shoulder or hip dislocations, hypertension, 

cardiovascular diseases, and obesity. These criteria 

were assessed via self-reported information and, where 

necessary, confirmed by a certified physician. Initially, 

50 individuals were selected, and participants then 

underwent balance testing via posturography. Then, to 

precisely select individuals based on the total balance 

score obtained from the posturography device, which 

was within the range of 40 to 50, 10 individuals were 

selected, and the details of the study were explained to 

them. They were given 24 hours to sign the informed 

consent form if willing to participate. Subsequently, 30 

participants were assigned, using simple random 

systematic allocation, into three groups of 10 each: 

aquatic exercise, hippotherapy (horse-riding exercise), 

and control. Throughout the study, aquatic exercise and 

hippotherapy were the only regular physical activities 

performed by the exercise groups, whereas the control 

group engaged in no regular physical activity. 

Balance Assessment: Balance was assessed using 

the Sensory Organization Test (SOT) for all three 

groups with the Synapsis Posturography System® 

(SPS®, version 3.0, SYNAPSIS, Marseille, France), 

located at the Musculoskeletal Disorders Research 

Center of Isfahan University of Medical Sciences. The 

contribution of the sensory components of the postural 

control system (visual, vestibular, and somatosensory) 

was measured one day before the start of the aquatic 

exercise and hippotherapy programs. Prior to the start 

of the study, the system was calibrated, and to reduce 

examiner error, a preliminary study was conducted 

with 3 asymptomatic older women. This device is 

equipped with a movable platform that moves forward 

and backward and measures the individual's balance 

response to postural perturbations generated by the 

device. The degree of postural sway was assessed by 

measuring center-of-pressure displacements in the 

anterior-posterior and medial-lateral directions, 

expressed in millimeters (27, 28). 

Based on the posturography data, the contributions 

of the sensory components of the postural control 

system (visual, vestibular, and somatosensory) and 

static balance were measured. The test was performed 

as follows: subjects were asked to stand on the device's 

platform barefoot, motionless, with their arms at their 

sides. The feet were positioned according to the 

designated markers, with the heels 2 cm apart and at a 

30-degree angle to each other, in accordance with foot 

size. In addition, information such as age, height, 

weight, and foot size was entered into the device for 

each subject. The objective throughout the tests was to 

remain as stable as possible. The SOT is a standardized 

test designed to measure the contributions of the 

visual, vestibular, and somatosensory systems by 

recording responses across six sensory conditions, 

each examining one of the senses related to balance. 

This test measures postural sway in the anterior-

posterior and medial-lateral directions and quantifies 

an individual's ability to use different sensory systems 

to maintain balance while standing. 

In the present study, the static balance assessment 

consisted of six tests. In the first test, the subject stood 

on both feet on a firm surface with eyes open, bare feet, 

and arms at the sides, and normal body sway was 

measured. The second test was performed similarly to 

the first, but with the eyes closed. To eliminate visual 

feedback, a blindfold was used, and the subject was 

asked to maintain their position as still as possible. In 

the third test, while the eyes were open, a moving 

visual stimulus (a spider web pattern) was presented by 

a video display system in a completely dark room. This 

test is referred to as "sway-referenced vision," because 

it provides misleading visual cues about the body's 

position in space. The conditions in tests 4, 5, and 6 

were similar to those in tests 1, 2, and 3, respectively, 

except that the somatosensory input was disrupted by 

placing a foam pad (50 × 50 × 5.5 cm) on the platform's 

firm surface. In other words, the fourth test was similar 

to the first test, standing on the foam with eyes open; 

the fifth test involved standing on the foam with eyes 

closed; and the sixth test involved standing on the foam 

with sway-referenced vision (creating misleading 
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visual cues). The sequence of test administration was 

identical for all subjects, as dictated by the 

posturography device's settings. Each test lasted 20 

seconds and was repeated twice. The rest period 

between each repetition was 10 seconds, and between 

each test was 30 seconds. The subject exited the device 

after completing the full SOT. 

The scores calculated from the SOT included the 

somatosensory score (values of the second test divided 

by the values of the first test), the visual score (values 

of the fourth test divided by the values of the first test), 

and the vestibular score (values of the fifth test divided 

by the values of the first test). The overall balance 

score is a composite score that takes into account the 

values of all the tests, along with the limits-of-stability 

test, and self-assesses the subject's ability to use 

sensory inputs to maintain balance. All analyses were 

performed using the posturography system software. 

Aquatic Exercise: Participants in the aquatic 

exercise group followed the protocol for 8 weeks, with 

2 sessions per week, each lasting 50 minutes. During 

this period, the control group continued their normal 

daily life. One day after the exercise protocol ended, 

both groups were retested using the aforementioned 

assessments. To carry out the aquatic exercise 

protocol, in accordance with previous research, the 

exercise intensity was set at 50–75% of maximum 

heart rate (29). The water temperature was set at 28 to 

29°C. Throughout the exercise interventions, in 

accordance with the overload principle, progressive 

levels of difficulty were applied to each exercise, as 

presented in Table 1.  

 

Table 1. Aquatic Exercise Training Protocol  
Phase Exercise Repetition-

Distance 
Warm-up  
(10 minutes) 

Entering the water, pushing water with hands and feet while walking, side-stepping 
(left and right), stepping forward and backward, side-stepping with crossover leg 

movements (left and right), sitting and standing up with rotational arm movements 

50 to 200 meters 
(2 to 8 widths of a 

25-meter pool) 
Main program 
activities  
(30 minutes) 

Walking with lengthened strides 50 to 200 meters 
Walking forward-backward while performing head movements (flexion and 

extension, lateral flexion, and rotation to both sides) with coordinated arm movements 
50 to 200 meters 

Military-style marching (in place) 50 to 200 meters 
Standing on one leg 30–60 seconds  

(2–4 repetitions) 
Standing on the toes of one foot with eyes open and closed 30–60 seconds  

(2–4 repetitions) 
Standing on one leg while performing head movements (flexion and extension, lateral 

flexion, and rotation to both sides) with eyes open and closed 
30–60 seconds  

(2–4 repetitions) 
Standing on one leg and raising the arms upward with eyes open and closed 30–60 seconds  

(2–4 repetitions) 
Standing on one leg while performing figure-8 movements with the other leg,  

with eyes open and closed 
8–15 repetitions 

Standing on one leg while flexing and extending the hip joint of the other leg,  
with simultaneous arm movements, eyes open and closed 

30–60 seconds  
(2–4 repetitions) 

Walking in different directions and at different speeds with arm  
movements in all directions 

50 to 200 meters 

Walking in different directions and at different speeds while raising  
the arms unpredictably at the instructor's command 

50 to 200 meters 

Unpredictable changes of direction at the instructor's command 50 to 200 meters 
Walking forward-backward with coordinated head and arm movements  

(flexion and extension) 
50 to 200 meters 

Walking sideways with coordinated head and arm movements (rotational movements) 50 to 200 meters 
Trunk rotation while displacing water with the hands 8–15 repetitions 

Hip flexion and extension in a semi-squat position 8–15 repetitions 
Flexion-extension, abduction-adduction, and rotation movements of the shoulder, 

elbow, wrist, hip, knee, and ankle joints, according to each joint's degree of freedom 
8–15 repetitions 

per joint 
Squat movement 8–15 repetitions 

Squat movement while walking sideways (left and right) 8–15 repetitions 
Toe-squat movement while walking sideways (left and right) 8–15 repetitions 

Butterfly movement with eyes open and closed 8–15 repetitions 
Scarecrow movement with eyes open and closed 8–15 repetitions 

Cool-down 
(10 minutes) 

Slow walking with deep breathing, performing arm and leg stretching  
movements, floating/lying on the water 

50 to 200 meters 
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Table 2. Descriptive Statistics of Demographic Variables of the Participants  

Variable Group Sample Size Mean ± SD P value 

Age (years) Aquatic exercise 10 66.21 ± 5.04 0.38 

 Control 10 64.98 ± 5.37  

Height (m) Aquatic exercise 10 161.90 ± 6.43 0.31 

 Control 10 163.21 ± 4.21  

Weight (kg) Aquatic exercise 10 65.40 ± 7.12 0.27 

 Control 10 66.38 ± 8.37  

Body mass index (kg/m²) Aquatic exercise 10 24.97 ± 4.13 0.52 

 Control 10 24.93 ± 4.58  

 
 

All exercise programs were conducted by an exercise 

specialist (holding a degree in sports science) who held a 

Level 3 coaching certification in aquatic exercise. 

Descriptive statistics were used to summarize the 

data; the Shapiro-Wilk test was used to assess the 

normality of the data distribution; the paired t-test was 

used for within-group comparisons; and the 

independent t-test was used to examine between-group 

differences. Finally, the data were analyzed using 

SPSS software (version 23, IBM Corporation, 

Armonk, NY) at a significance level of 0.05. 
 

Results 
Thirty participants were divided into three groups of 

10: aquatic exercise, hippotherapy (horse-riding 

exercise), and control. All participants in each group 

completed all stages of the study (dropout rate = 0%). 

The results of the Shapiro-Wilk test indicated that all 

examined variables were normally distributed  

(P < 0.05); therefore, parametric statistical tests were 

used for data analysis. The demographic information 

of the groups is presented in Table 2. 

There was no significant difference between the 

mean values of age, height, weight, and body mass 

index (BMI) of the groups at the pre-test stage  

(P < 0.05). Furthermore, according to the data in Table 

3, the results of the within-group comparison (paired  

t-test) showed that in the control group, at the end of 

the study period, there was no significant change in the 

measured variables compared to the assessment before 

the start of the study (P > 0.05). 

The results of the paired t-test in the aquatic 

exercise group showed a significant difference in the 

vestibular, somatosensory, and total balance (anterior-

posterior and medial-lateral) variables (P = 0.001). In 

contrast, no significant change was observed in the 

other variables. 

According to Table 4, the between-group 

comparison (independent t-test) of the measured 

variables showed no significant difference between the 

aquatic exercise and control groups at the pre-test stage 

(P < 0.050). 

 

Table 3. Results of the Paired t-test for the Measured Variables in the Participating Groups  

Group Variable (mm) Pretest Posttest T statistic df P value 

Control Visual anterior-posterior 95.33 ± 4.64 95.66 ± 4.01 0.43 9 0.680 

 Visual medial-lateral 93.41 ± 5.03 93.61 ± 4.53 0.23 9 0.820 

 Vestibular anterior-posterior 78.21 ± 6.39 79.90 ± 5.30 0.21 9 0.840 

 Vestibular medial-lateral 82.50 ± 6.48 81.20 ± 5.92 0.16 9 0.810 

 Somatosensory anterior-posterior 69.20 ± 7.88 70.66 ± 6.69 1.40 9 0.190 

 Somatosensory medial-lateral 74.50 ± 7.72 75.66 ± 7.29 0.62 9 0.550 

 Total balance anterior-posterior 68.73 ± 6.32 69.41 ± 7.83 0.50 9 0.630 

 Total balance medial-lateral 73.66 ± 4.48 74.30 ± 6.48 0.83 9 0.430 

Aquatic exercise Visual anterior-posterior 95.33 ± 4.64 95.66 ± 4.01 0.43 9 0.680 

 Visual anterior-posterior 95.70 ± 4.59 96.69 ± 3.98 1.43 9 0.190 

 Visual medial-lateral 92.60 ± 4.89 93.91 ± 5.26 1.35 9 0.210 

 Vestibular anterior-posterior 79.60 ± 6.94 92.60 ± 5.28 7.98 9 0.001 

 Vestibular medial-lateral 83.70 ± 4.12 86.50 ± 5.74 1.94 9 0.080 

 Somatosensory anterior-posterior 68.75 ± 7.95 96.20 ± 3.15 22.86 9 0.001 

 Somatosensory medial-lateral 77.58 ± 7.18 94.85 ± 3.01 8.57 9 0.001 

 Total balance anterior-posterior 69.81 ± 5.69 86.70 ± 6.56 5.68 9 0.001 

 Total balance medial-lateral 72.38 ± 4.01 84.18 ± 5.96 5.28 9 0.001 
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Table 4. Results of the Independent t-test for the Measured Variables in the Participating Groups  

Variable Time Group (i) Group (j) Mean difference (j–i) T statistic df P value 

Visual anterior-posterior 

(mm) 

Pre-test Aquatic exercise Control 0.5 0.309 18 0.761 

Posttest Aquatic exercise Control 0.9 0.62 18 0.543 

Visual medial-lateral (mm) Pre-test Aquatic exercise Control 0.8 0.397 18 0.696 

Posttest Aquatic exercise Control 0.3 0.197 18 0.846 

Vestibular anterior-

posterior (mm) 

Pretest Aquatic exercise Control 1.4 0.959 18 0.351 

Posttest Aquatic exercise Control 14.2 7.20 18 0.001 

Vestibular medial-lateral 

(mm) 

Pre-test Aquatic exercise Control 0.9 0.527 18 0.605 

Posttest Aquatic exercise Control 4.7 1.95 18 0.067 

Somatosensory anterior-

posterior (mm) 

Pretest Aquatic exercise Control 0.7 0.4 18 0.694 

Posttest Aquatic exercise Control 26.1 16.98 18 0.001 

Somatosensory medial-

lateral (mm) 

Pre-test Aquatic exercise Control 2.9 1.63 18 0.119 

Posttest Aquatic exercise Control 18.1 10.92 18 0.001 

Total balance anterior-

posterior (mm) 

Pretest Aquatic exercise Control 0.3 0.133 18 0.895 

Posttest Aquatic exercise Control 17.3 6.70 18 0.001 

Total balance medial-

lateral (mm) 

Pre-test Aquatic exercise Control 1.1 0.551 18 0.588 

Posttest Aquatic exercise Control 9.6 3.99 18 0.001 

 

The results of the between-group comparison at  

the post-test stage also indicated that there were 

significant differences between the aquatic exercise 

group and the control group in the anterior-posterior 

vestibular, somatosensory, and anterior-posterior  

(P = 0.001) and medial-lateral (P = 0.001 for all) 

variables; however, no significant difference was 

observed between the aquatic exercise and control 

groups in the medial-lateral vestibular (P = 0.011), 

anterior-posterior visual (P = 0.543), and medial-

lateral visual (P = 0.841) variables. 

 

Discussion 
The anatomical and physiological changes resulting 
from the natural course of aging impair the body's 
balance in postural control and weaken the normal 
functioning of the neuromuscular and proprioceptive 
systems, leading to incidents such as falls (5). For this 
purpose, the present study examined the effects of 
aquatic exercise on the sensory components of the 
balance control system in older women through a 16-
session training program (2 sessions per week for 8 
weeks, 50 minutes each session). The approach of this 
study was to examine balance function with an 
emphasis on related parameters, including the 
proprioceptive, vestibular, and visual systems. In this 
study, using the Synapsis® posturography device, the 
contribution of the sensory systems (visual, vestibular, 
and proprioceptive) to static balance control in the 
anterior-posterior and medial-lateral directions was 
assessed, and the results showed a significant 
improvement in the function of the proprioceptive and 
vestibular systems in static balance. However, no 
effect was observed on visual system function during 
static balance control. 

In this study, the aquatic exercise program was 
 

designed so that half of the exercises were performed 

in the shallow-water section (closed kinetic chain) and 

the other half in the deep-water section (open kinetic 

chain), while wearing a noodle belt. In the shallow 

section, the water was chest-deep, allowing 

participants to control weight-bearing on the joints 

while increasing movement speed and exercising the 

joints through their full range of motion and in 

different directions, according to each joint's degree of 

freedom. In fact, the shallow section of the water 

reduces buoyancy and increases ground reaction force, 

whereas in the deep section, buoyancy and immersion 

are greater; consequently, the neuromuscular 

activation pattern of the engaged muscles differs 

across sections of the pool (30). 

One of the findings of this study indicates 

improved static balance in older women following an 

aquatic exercise program, consistent with previous 

research (23, 25, 31-33). However, the effect of aquatic 

exercise on balance-recovery strategies appears to 

differ between older men (31, 34) and elderly women 

(32, 35). Nevertheless, part of the difference reported 

in these studies could be due to differences in how fall 

risk was assessed—using advanced motion analysis 

equipment (34) or clinical tests (32, 36, 37). In any 

case, previous findings suggest a possible difference in 

the effectiveness of these exercises between women 

and men, which was one reason for conducting the 

present study in older women. Interestingly, according 

to previous studies, participants' cognitive status (36) 

or the presence of knee osteoarthritis (38) does not 

weaken this effect. However, unlike in asymptomatic 

older adults (39), improvement in static balance 

following exercise in the shallow section of the pool 

has been reported to be greater than that following 
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exercise in the deep section for individuals with knee 

osteoarthritis (38). 

On the other hand, the present results were in 

contradiction with some of the findings of previous 

researchers (38, 40, 41). For example, despite 

improvements in static balance (single-leg standing 

time test) and dynamic balance (Y-balance test) in the 

dominant leg across all three directions, dynamic 

balance in the non-dominant leg improved only 

anteriorly, with no improvement observed in the two 

posterior directions. These discrepancies can be 

attributed to differences in the types of exercises 

taught, participant characteristics, training duration, or 

the type of test used to measure balance, which makes 

quantitative comparison of their findings difficult. 

Aquatic exercise is a unique form of exercise that, 

in addition to simultaneously challenging aerobic and 

strength-training system readiness, provides a safe and, 

indeed, calming environment for elderly individuals 

(41). Using water's buoyant properties, three training 

methods can be used to teach individuals: assistance, 

support, and resistance. In this way, the hydrostatic 

pressure of the water supports the immersed body and 

creates a lower-gravity environment, which reduces 

the risk of falling (42). On the other hand, the viscosity 

property of water exerts natural resistance against body 

movements, which strengthens neuromuscular 

function in performing various exercises (43), and by 

increasing the time required to perform movements 

and reducing movement speed (44), it increases 

reaction time (43); consequently, individuals have 

more time available to generate a response and reaction 

(44). This property also causes the muscular resistance 

used to be 10 times greater than in air exercise, which 

contributes to greater engagement of the brain's motor 

cortex (facilitation of the nervous system). As a result, 

motor neuron firing and motor cortex activity increase 

in elderly individuals. This improves motor unit 

synchronization and motor neuron excitability, which 

manifest as increased muscle strength and improved 

balance in elderly individuals (45). With improved 

muscle strength, the sensitivity of muscle spindles and 

other kinesthetic receptors increases, ultimately 

improving neuromuscular control. In a closed loop, 

this increases the speed of mechanical and 

physiological responses, leading to activation of alpha 

and gamma motor neurons and facilitation of muscle 

contraction (46). 

The first sensorimotor integration in balance 

control involves the stretch reflex, mediated by muscle 

spindles (47). These reflexes rapidly counteract 

unexpected changes in muscle length through a very 

simple circuit in the spinal cord (48) and support 

myriad functions while remaining highly 

flexible/adaptable. Under normal conditions, stretch 

reflexes are shaped by peripheral physiology and 

involve neural circuits in the spinal cord, brainstem, 

and cerebral cortex (49). When a muscle is stretched, 

the muscle spindles within it are stretched, and the 

firing rate of the muscle spindle afferents increases 

(50); therefore, increased sensitivity of the muscle 

spindles and improved neuromuscular control may be 

among the reasons for the improvement in balance 

following aquatic exercise. The results of the present 

study showed that, following the aquatic exercise 

program, proprioceptive system function improved 

more than that of the vestibular and visual systems, 

consistent with Conte et al. (51). 

According to the results of this study, vestibular 

system function improved following aquatic exercise. 

The vestibular system, together with the visual and 

proprioceptive systems, significantly affects multiple 

dimensions of balance (52). Changes in head and body 

position during flexion, extension, lateral flexion, and 

rotation of the head with eyes open and closed, as well 

as sudden changes in direction during aquatic exercise, 

may affect the balance system. Neural information 

from balance-controlling receptors is transmitted to the 

cerebellum, and commands issued from the cerebellum 

maintain balance through various muscles of the body 

(53). Repeated eye and head movements and head and 

shoulder rotation during aquatic exercise provide the 

information needed for the vestibular system to orient 

the body in space. In other words, the vestibular nuclei 

are responsible for integrating signals from the 

vestibular organs with inputs from the visual system, 

cerebellum, and even the spinal cord. By integrating 

the received messages in the vestibular nuclei, these 

messages are sent to various regions of the brain, 

including vestibular areas, the thalamus, the 

proprioceptive cortex, the cerebellum, the spinal cord, 

and the oculomotor nuclei (54). This complex 

vestibular network helps individuals spatially orient 

their bodies with respect to gravity and recognize when 

they need to rotate their heads and bodies. Perhaps one 

reason why, following aquatic exercise, elderly 

individuals—especially in the event of a sudden loss of 

balance—can find an appropriate orientation and 

improve their balance is the improved vestibular 

system function resulting from these exercises. 

According to research, repeated postural control 

exercises in various positions during aquatic exercise 

cause the vestibular system (through its descending 

pathways) to directly and indirectly influence extensor 

muscle groups, thereby maintaining standing posture 

and reflexively controlling balance during unexpected 
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changes (55). It appears that aquatic exercise 

stimulates cutaneous afferents and facilitates 

vestibular input; for this reason, these exercises can be 

used to enhance the transmission of sensory messages 

to the relevant level in the central nervous system (56). 

In previous studies, it has been established that aquatic 

exercise is highly effective in patients with peripheral 

vestibular disorders and, by improving vestibular 

system function, reduces the incidence, severity, and 

duration of dizziness complaints (57). 

The lack of significance in visual system scores for 

static balance may be due to the high baseline function 

score for this system on the posturography tests. In 

general, elderly individuals rely more heavily on  

visual input for balance control and depend more on 

the visual system to maintain balance (58). In fact, 

vision is one input that can compensate for deficiencies 

in other senses (59). Studies have shown that the 

sensory receptors controlling body orientation exhibit 

reduced sensitivity in elderly individuals (10). This 

reduced sensitivity is compensated for by excessive 

reliance on vision (58, 60). Excessive reliance on 

visual input may be a natural compensatory strategy 

for coping with poor balance in the elderly (61). This 

explains the high baseline score for the visual system 

and probably accounts for why changes in its score 

were not significant. 

 

Limitations 
Among the limitations of the present study is the lack 

of control over certain confounding variables, such as 

sleep duration and activity level before the assessment 

sessions, which may have affected participants' 

responses during testing. Additionally, this study was 

conducted only on women. Given the differences in 

balance indices between women and men (62), the 

results of this study cannot be generalized to men. 

 

Recommendations 
Given the benefits of the aquatic exercise program for 

balance in asymptomatic older women observed in the 

present study, it can likely be recommended to 

improve quality of life and physical fitness in the 

elderly. It would also be worthwhile to compare the 

effects of aquatic exercise with other methods for 

improving balance in asymptomatic elderly 

individuals and in individuals with various balance-

related diseases. 

 

Conclusion 
It appears that in healthy older women, proprioceptive 

and vestibular function improved following a period of 

aquatic exercise, leading to improved static balance. 

Balance control involves complex neuromuscular 

activities that enable individuals to make rapid, precise 

postural adjustments to maintain balance. Therefore, 

examining the function of the visual, vestibular, and 

proprioceptive systems in static balance control may 

help identify the type of impairment in different 

individuals. The risk of impairment in the balance 

control systems helps physicians select targeted 

physical exercises to improve balance control and to 

develop and implement personalized programs and fall-

prevention strategies for elderly individuals. 

Additionally, the physical properties of water 

(temperature, buoyancy, hydrostatic pressure, and 

viscosity) can provide a safe, effective, and comfortable 

environment for exercise in individuals who have 

difficulty with land-based exercises. 
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