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Abstract 

Balance is defined as the dynamic process by which the position of the body is maintained in equilibrium. As age 

increases balance decreases that lead to falls. To improve the balance, land, and pool therapies are used. Studies 

have shown that land-based exercises improve joint flexibility, muscle strength, balance, and reaction time in an 

older population. The physical properties of water are an effective rehabilitation program. Water-based exercises 

provide a viable alternative for the elderly who are unable to participate in land-based exercise programs as water 

exercise has reduced the risk of falls. The objective of the study is to compare the effect of pool therapy and land 

therapy on balance in the elderly population. The Study methodology: Quasi-experimental study.30 elderly people 

between 60-75 years (both male and female) were included in the study based on inclusion and exclusion criteria. 

Tinetti falls efficacy scale questionnaire was given to the subjects and they were asked to fill it and then a timed up 

and go test was done before and after the exercise protocol. The 30 individuals were divided into 2 groups of 15 

members each (Group A and Group B). Group A was given pool therapy and Group B was given land-based 

therapy for 6 weeks. The results of statistical analysis showed a significant difference between land therapy and 

pool therapy. This study concludes that pool therapy is more effective in improving balance in the elderly 

population. 
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Introduction 
 
The global population of people above the age of 60 years is 12.3% and India is the second-highest populated 

country in the world having 766 lakhs people above the age of 59, compromising above 6.24% of the entire 

population. The main concern of the old age population is their health which is mainly affected by various medical 

and psychological issues. Falls among the elderly population is considered as “Geriatric Giants” as it is one of the 

major problems [19]. According to WHO fall is defined as an event that results in a person coming to rest 

inadvertently on the ground or floor or other lower level. Fall-related injuries may be fatal or non-fatal though most 

are non-fatal [18]. Frequent falling is a vital cause for morbidity and mortality in the elderly population and it 

indicates deprived physical and cognitive status [13, 15]. Fall has many etiology like muscle weakness, arthritis, use 

of more than three prescribed medications, depressions, use of an assistive device, impairments in gait, balance, 

vision, cognition, and activities of daily living [28].  
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The incidence of falls among Indian older adults ranges from 14% to 53% with fractures up to 21.3% and other 

injuries up to 79.6% and the burden of falls is 26%. Fractures are more common in females (26.4%) than males 

(16%) and the fracture percentage is more in the urban population (29.4%) than rural population (13.4%)2,10 The 

percentage of old age population which is above 59 years has raised from 9% in 1994 to 12% in 2014 and it is 

expected to reach 21% in 2050 [21]. A country is labeled as “aging” when 7% of the population is aged 60 years 

and above. India exceeded this mark in 2000 and by 2025 it is expected to reach 12.6 %. This highlights the fact that 

India is moving from a young nation to a graying nation [18]. Tamil Nadu has 11.2% of the elderly population and 

is ranked behind Kerala which has 12.3%. Most falls are predictable and can therefore be avoided Most the falls in 

the elderly population result in a hip fracture that can be prevented by constant exercise that improves muscle 

strength, coordination and flexibility, changes in the environment, and other educational opportunities.1 However, 

further studies are required to investigate the effectiveness of these strategies in the Indian elderly population. 

Regular exercise and balance training programs can diminish the danger of falling by 10% and 20% respectively 

[14]. The morbidity that occurs with falls includes visual and vestibular impairment, cognition, syncope, 

neurological and musculoskeletal disorders, medication, severe injuries and fractures, limited mobility and 

dependency leading to functional decline, phobia of falling (post-fall syndrome), and perpetual disability. Therefore 

fall is a public health issue that should be prevented in order to prevent various other conditions [24].  

 

Hence this study has been taken in order to compare two techniques (Pool Therapy and Land-Based Therapy) for 

improving the balance in the elderly population and thereby preventing falls. Pool Therapy uses water for the 

rehabilitation of patients. The properties of water along with exercise are used for effective rehabilitation. In an 

aquatic environment, the joint load and the risk of falls and lesions are reduced [28]. The water environment is 

considered safe and effective for the old age population due to buoyancy. Most falls are predictable and can 

therefore be avoided. Balance is defined as a dynamic process by which the position of the body is maintained in 

equilibrium [9]. There are many factors that are responsible for the loss of balance in the elderly population [12]. 

Balance is reduced in the elderly population due to deterioration of the postural control system and compromised 

central nervous system mainly and that is caused due to aging [3]. Postural control is the ability of the body to 

maintain postures such as standing, moving independently, and preventing falls when the balance is lost. As a 

person ages, the system that controls the posture deteriorates which causes balance deficiencies, incompetence to 

react properly, limitation of mobility thus ultimately leading to disability [25]. Central nervous system helps in 

vestibular, proprioceptive, and visual signals that maintain body balance and individual ability to adaptive reactions. 

The consequences of falls are acute injuries, traumatic injuries, spinal cord injuries, brain injuries, hip fractures, and 

sometimes even death. Hence injuries associated with falls are a serious public health problem [22]. There are 

various studies that show the effect of land-based exercises on balance in older people but there are limited reports 

on the effects of water therapy on balance [11]. Hence this study has been articulated to compare the effect of pool 

therapy and land-based therapy on balance in the elderly population. 

 

Aim of the study 
 
To compare the effect of pool therapy and land therapy on balance in an elderly population. 

 
Methodology 

The study design is a quasi-experimental study of comparative type done for 6 weeks. 30 samples were selected 

through convenient sampling in private apartments with pools in and around Chennai. 

Procedure 
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30 samples were taken between the age group of 60-75 years who are able to walk and carry out their activities of 

daily life independently and who do not have any dermatological conditions, urinary and fecal incontinence, 

dyspnea, cancer and use of psychotropic drugs. The assessment started with signing the consent form and an 

interview to collect rudimentary information such as demographic data, past history, and present history which 

included the number of falls in last year. After the interview, their balance was evaluated using TUG test and they 

were given Tinetti FES to fill. The TUG test is used in detecting the balance related issues that affect the elderly 

population activities of daily life. The test should be completed in a short duration. In this test, participants were 

seated in a chair 3 m from a line. Once the timer instructed the participant to “go,” they rose from the chair (without 

using their hands), walked to the line, and returned to sit back down. The aim of this test was to complete it as fast 

as possible, as the total time is recorded on a stopwatch from when the participant was instructed to “go” and is 

stopped when they sat back down. Then the participants are divided into 2 groups: 

Group 1: Participants were given pool therapy.  

Group 2: Participants were given land-based exercises. 

 

The Tinetti FES and TUG test was applied before the exercise protocol (pre-test) and after 6 weeks of pool therapy 

or land-based exercises (post-test). This was done to evaluate the effect of the exercises and to find which protocol 

is better. 

 

This study includes balance exercises for elders that were given for six weeks. These exercises were done twice a 

week which has one set of exercises that were repeated two times. 

 

The land-based therapy includes side way walking, simple grapevine, marching on one place, walking and turning 

around, stepping over objects, tandem walking, step up, and one leg stance. These were done in progression where 

the first four exercises were done for 2 weeks after which the stepping over objects and tandem walking was added 

to the protocol which was practiced for the third week and all the 8 exercises were done for the fourth week and in 

fifth and sixth week all the 8 exercises were done three times a week. 

 

The pool therapy included standing with support (wall of the pool) for the first week so that they get oriented with 

the water environment. For the second week they were made to stand without any support and third week they stood 

on one leg with support and without support on the fourth week. In the fifth-week sideway walking, marching on the 

spot and walking and turning around was done with 2 repetitions and for the sixth week, they were made to repeat 

the exercises for 3 times. 

 

Data Collection 
 
30 samples were taken according to the inclusion and exclusion criteria and with the history of at least 2 falls in the 

previous year from 3 private apartments which have pools with security. 

 

Results 
 
Table I shows a comparison of pre-test and post-test results of TUG test and Tinetti FES of land therapy among the 

elderly population. Land therapy has a p-value of 0.00 in Tinetti FES which is significant and in TUG test with 0.07 

which is not significant. The mean difference of TUG test in land therapy is 0.63. The Tinetti FES has a mean 

difference of 5.67 in land therapy. 

 

Table I: Comparison between pre-test and post-test of group B (land therapy) 
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    Mean Mean Difference 

Land 
Therapy 

Pre-Test TUG 12.28 
0.63 

Post-Test TUG 11.65 

Land 
Therapy 

Pre-Test FES 69.4 
5.67 

Post-Test FES 63.73 

P<0.005 shows significant results 

 

Table I shows the comparison of pre-test and post-test values of Group B. The mean value of 12.28 in pre-test and 

11.65 in post-test of TUG in Group B 

 

Table II shows the comparison between pre-test and post-test results of pool therapy in TUG test and Tinetti FES. 

A p-value of 0.002 in Tinetti FES and 0.00 in Timed up and go test was found which are significant. The mean 

difference of 0.63 is seen in TUG test and 6.07 is seen in Tinetti FES in pool therapy. 

 
Table II: Comparison between pre-test and post-test of group A (pool therapy) 

 

    Mean Mean Difference 

Pool 
Therapy 

Pre-Test TUG 11.51 
0.63 

Post-Test TUG 10.88 

Pool 
Therapy 

Pre-Test FES 79.07 
6.07 

Post-Test FES 73.00 

P<0.005 shows significant results 

 

The mean value of post-test of FES in group A is 73 while it is 63.73 in group B. The mean value of TUG test in 

group A is 10.88 and group B is 11.65 

 

Table III shows the comparison between post-test results of pool therapy and land therapy in TUG test and Tinetti 

FES. The p-value of the post-test results of land therapy and pool therapy in TUG test and Tinetti FES is 0.00 which 

is significant. The mean value of post-test of TUG test in pool therapy is 10.88 and in land therapy is 11.65. The 

mean value of 63.73 and 73 was found in the post-test results of Tinetti FES of land therapy and pool therapy 

respectively. 

 
Table III: Comparison between post- tests of group A and group B 

 

    Mean Std. Deviation 

Post-test of 
FES 

Land therapy 63.73 12.37 

Pool therapy 73 8.65 

Post-test of 
TUG 

Land therapy 11.65 1.28 

Pool therapy 10.88 1.05 

P<0.005 shows significant results 

 

The mean value of 69.4 in pre-test and 63.73 in post-test of FES in group A was found. 

 

The bar graph I depict the comparison of pre-tests and post-tests of TUG test and Tinetti FES land therapy. The 
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FES questionnaire TUG 

73 

Pre-Test Post-Test 

10.88 11.51 

79.1 

mean value of pre-test of TUG test for land therapy is 12.28 and post-test is 11.65 with a mean difference of 0.633. 

The mean value of pre-test and post- test of Tinetti FES for land therapy is 69.4 and 63.73 respectively with a mean 

difference of 5.67. 

 

Graph I: Comparison of pre-test and post-test of land therapy. 

 
The bar graph II shows the comparison of pre-test and post-test of TUG test and Tinetti FES of pool therapy. The 

mean value of pre-test and post-test of TUG test for pool therapy is 11.51 and 10.88 respectively with a difference 

of 0.63. The mean value of pre- test and post-test of Tinetti FES for pool therapy is 79.07 and 73 respectively and 

the mean difference is 6.07.The bar graph III shows the comparison between post-test results of TUG test and 

Tinetti FES of both pool therapy and land therapy. 

 

Graph II: Comparison of pre-test and post-test of land therapy. 

 

FES questionnaire TUG test 

pre test post test 

11.65 12.28 

63.7 
69.4 
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Discussion 

The objective of this study was to explore whether the balance exercises, conducted either in the pool or on the land 

environment, would be capable of improving the balance in the elderly population. In order to test the hypothesis, 

exercises were used that are capable of being reproduced and applied easily. This study is mainly concerned with 

balance exercises for the elderly population as they are the high-risk group for falls. Studies reveal that there is an 

increasing rate of falls in the elderly population recently. They fall frequently due to changes related to aging. Aging 

comprises the capability of the central nervous system to process the vestibular, visual, and proprioceptive signals 

that are accountable to retain body balance as well as reducing the individual’s capability to cope up with adaptive 

reactions limiting functional mobility which is responsible for making the older adults more dependent [29]. Fall has 

many etiology like muscle weakness, arthritis, a history of falls, use of four or more prescription medications, 

depression, and use of an assistive device, impairments in gait, balance, vision, cognition, and activities of daily 

living [28]. 

There are studies that have used land-based exercises to improve balance and there are studies that use water to 

increase balance in the elderly population separately. But there are only a few studies that compare both the 

therapies to investigate which has better results. Land-based exercises can be done at home with minimum support 

at any time. Pool therapy demands less from the body and it also reduces the joint load [5]. Buoyancy and water 

pressure can be utilized as resistance for strengthening exercises [6] 

This study includes balance exercises for elders that were given for six weeks. These exercises were done twice a 

week which has one set of exercises that were repeated two times. There is an increase in balance in pool therapy as 

it is a proprioceptive training that increases the stability by providing time to stimulate the postural reaction to 

perturbations in the environment [27] and also due to the properties of water such as density, hydrostatic pressure, 

viscosity, buoyancy, specific gravity, and thermodynamics. Immersion of the body improves balance abilities by 

increasing proprioception, body alignment, stability, and sensory feedback. As resistance to movement in water is 

greater than air the sensory output to the muscles increases and the muscles contract to stabilize the postural 

alignment [16, 26]. The improvement in land therapy is produced by the change in the anticipatory center of 

pressure and the feedback to maintain balance and also by the development in the somatosensory system which 

includes proprioceptive and tactile sensors [20, 30]. The exercises helped in improving the body righting and 

equilibrium through higher cortical reactions facilitation (protective, equilibrium, and righting reactions) [7, 8]. 

According to the statistics group B have a significant value in TUG test but it doesn’t have a significant value in 

FES whereas both TUG and FES have a significant value in group A. Hence pool therapy is effective in improving 

balance among the elderly population. This result is contradicted by Nubia C.P. Avelar et.al., Robyn Lin Anderson 

who found that there is no significant difference between the land and aquatic group [17, 29]. 

Lund. H et.al., (2010) and Marco Bergamin (2013) compared the aquatic and land-based exercises and found that 

aquatic exercise has a better result and these studies support this study [4, 23]. Hence a conclusion can be drawn that 

pool therapy can be used to improve balance effectively in the elderly population.  

Limitations and Recommendations 

Limitations 

This study was carried out for a short duration of 6 weeks with only 2 outcome measures. As convenient sampling 

was done samples were not segregated into land therapy and pool therapy through the proper method. The quality of 

life was not analyzed. 
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Recommendations 

Duration of study can be elongated with more outcome measures and proper sampling methods along with the long-

term benefits of the rehabilitation protocol. 

Conclusion: 

Both land therapy and pool therapy have a significant value in the TUG test wherein FES pool therapy alone has a 

significant value. Hence a conclusion can be drawn that when comparing the effects of pool therapy and land 

therapy on balance in elderly population, pool therapy is effective in improving balance among the elderly 

population. 
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