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ABSTRACT 

Background: Age-related reduction in balance contributes to an increased risk of falls and reduced functional 

independence in older adults. Aquatic therapy, particularly the Halliwick concept, provides a safe and supportive 

environment that may enhance postural control and dynamic balance. This study aimed to evaluate the effect of a 

Halliwick aquatic training program on dynamic balance in community-dwelling older adults with impaired dynamic 

balance (Mini-BESTest ≤20/28)  

Methods: A single-group pre–post experimental study was conducted among 32 sedentary community-dwelling older 

adults aged 65–70 years. Participants completed a 4-week Halliwick aquatic training program comprising 12 supervised 

sessions (3 sessions/week, 45 minutes/session). Dynamic balance was assessed using the Mini-Balance Evaluation 

Systems Test (Mini-BESTest) before and after the intervention. Data were analyzed using a paired t-test. Statistical 

significance was set at p < 0.05.  

Results: All 32 participants completed the intervention. Mean Mini-BESTest scores improved significantly from 16.28 ± 

0.51 at baseline to 22.40 ± 0.69 following the intervention, with a mean difference of 6.13 points (95% CI: 6.05–6.20). 

The improvement was statistically significant (t(31) = 159.66, p < 0.001) and demonstrated a Cohen's d of 28.22.  

Conclusion: A four-week Halliwick aquatic training program was associated with significant improvements in dynamic 

balance among community-dwelling older adults with impaired dynamic balance. These findings suggest that Halliwick 

aquatic therapy may be a safe and effective intervention for improving postural control and supporting fall-prevention 

strategies in the older adult population. Further controlled trials are recommended to confirm these findings. 

 

KEYWORDS: Aged; Postural Balance; Hydrotherapy; Halliwick Concept; Exercise Therapy; Fall Prevention.  

 

INTRODUCTION 

The global population is aging rapidly, resulting in an increasing prevalence of age-related impairments that compromise 

functional independence. Among these, balance impairment is one of the most significant contributors to falls in older 

adults. Age-related deterioration of the visual, vestibular, and somatosensory systems, together with reduced muscle 

strength, delayed neuromuscular responses, and impaired coordination, adversely affects postural control and dynamic 

balance. Consequently, approximately one-third of adults aged 65 years and older experience at least one fall annually, 

with the risk increasing progressively with advancing age. Falls are a leading cause of injury, disability, hospitalization, 

institutionalization, and mortality among older adults and are frequently associated with fear of falling, reduced mobility, 

activity restriction, loss of confidence, and diminished quality of life. Given the growing aging population and the 

substantial burden of falls, improving balance and reducing fall risk has become a major priority in geriatric rehabilitation 

and healthy aging initiatives. 6, 10, 12 

Exercise is one of the most effective non-pharmacological interventions for improving balance and reducing fall risk in 

older adults. Among the various exercise modalities, aquatic therapy has gained increasing attention because the unique 

physical properties of water provide a safe and supportive therapeutic environment. Buoyancy reduces the effects of 

gravity and decreases loading on weight-bearing joints, enabling individuals with impaired balance or reduced muscle 

strength to perform functional movements with greater confidence. Simultaneously, the viscosity and turbulence of water 

provide multidirectional resistance and continuous perturbations that challenge postural control, while hydrostatic 

pressure enhances proprioceptive input and sensory feedback. Collectively, these properties facilitate balance training 

while minimizing the fear of falling, making aquatic therapy particularly suitable for older adults. 4, 7, 9 

Recent systematic reviews and meta-analyses have consistently demonstrated that aquatic exercise significantly improves 

balance, gait performance, functional mobility, and fall-related outcomes in older adults compared with no intervention 

or conventional land-based exercise. 7–9 Despite these encouraging findings, most published studies have evaluated general 

aquatic exercise programs that primarily focus on strengthening, aerobic conditioning, flexibility, or functional exercises 

rather than structured aquatic rehabilitation approaches. 
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Among the various aquatic rehabilitation methods, the Halliwick concept is a structured, task-oriented approach 

specifically designed to promote independent movement and postural control in water. Based on the Halliwick Ten-Point 

Programme, the intervention progressively develops mental adjustment to water, breathing control, rotational control, 

balance recovery, and independent movement through carefully graded activities. 1–3 Unlike conventional aquatic exercise 

programs, Halliwick aquatic training specifically emphasizes trunk stability, multidirectional rotational control, 

anticipatory postural adjustments, equilibrium reactions, and dynamic balance through progressively challenging 

movement tasks. These characteristics suggest that Halliwick aquatic training may provide additional benefits for 

improving postural stability, functional balance, and movement confidence in older adults. 1–4 

Although Halliwick aquatic training has demonstrated beneficial rehabilitation outcomes in neurological and pediatric 

populations, including individuals with stroke, Parkinson's disease, multiple sclerosis, and cerebral palsy, 16–19 its 

application has been investigated predominantly in neurological rehabilitation rather than in healthy community-dwelling 

older adults. Previous studies have reported improvements in one or more outcomes, including balance, postural control, 

functional mobility, and movement confidence, following Halliwick-based interventions in these clinical populations. 16–

19 However, evidence regarding the effectiveness of Halliwick aquatic training for improving dynamic balance in 

community-dwelling older adults remains limited. Furthermore, aquatic exercise studies have shown considerable 

heterogeneity in intervention protocols, treatment duration, and outcome measures, making it difficult to determine the 

specific contribution of Halliwick aquatic training to improvements in dynamic balance. 7–9 Therefore, well-designed 

clinical studies evaluating Halliwick aquatic training using standardized and clinically validated balance assessment tools 

in community-dwelling older adults are warranted. 

The Mini-Balance Evaluation Systems Test (Mini-BESTest) is a reliable, valid, and clinically responsive instrument for 

assessing dynamic balance by evaluating anticipatory postural adjustments, reactive postural control, sensory orientation, 

and dynamic gait. 13–15 Therefore, the present study aimed to investigate the effect of a four-week Halliwick aquatic 

training program on dynamic balance in community-dwelling older adults using the Mini-BESTest. 

 

METHODS 

Study Design 

A single-group pretest–posttest design was implemented over a four-week period. The study was conducted in accordance 

with the ethical principles of the Declaration of Helsinki, and written informed consent was obtained from all participants 

before enrollment. 

   

Sample Size Calculation 

Sample size was calculated using the G*Power software (version 3.1) based on the primary outcome measure, the Mini-

Balance Evaluation Systems Test (Mini-BESTest). A moderate anticipated effect size (d = 0.61) was derived from a 

previous study that used the Mini-BESTest as the primary measure of balance in older adults. 

The required sample size was calculated using an alpha level of 0.05 and a statistical power of 80%. To compensate for 

potential attrition, the sample size was increased, resulting in the enrollment of 32 participants.  

 

Participants 

Thirty-two community-dwelling older adults aged 65–70 years with Mini-Balance Evaluation Systems Test (Mini-

BESTest) scores ≤20/28, indicating impaired dynamic balance, were recruited from the local community through senior 

citizen associations and community advertisements. The inclusion criteria were Mini-BESTest scores of ≤20/28, 

independent ambulation, and a sedentary lifestyle. Exclusion criteria included severe musculoskeletal, neurological, or 

cardiopulmonary disorders that could interfere with participation in the aquatic training program. Participant recruitment 

and enrollment commenced on 31 May 2025, and the intervention was completed on 3 July 2025. All enrolled participants 

completed the intervention protocol.  

 

Reporting Guideline 

The study was reported according to the Transparent Reporting of Evaluations with Nonrandomized Designs (TREND) 

reporting guideline.    

 

Intervention 

Participants underwent a Halliwick aquatic training program comprising 12 supervised sessions conducted three times 

per week over four weeks. Each session lasted approximately 45 minutes and was supervised by a physiotherapist trained 

in aquatic therapy. Training was conducted in a therapeutic swimming pool with the water temperature maintained at 

approximately 33°C and the water depth at the level of the xiphoid process (mid-chest), providing a safe environment 

for performing Halliwick exercises and dynamic balance activities. 

Each training session consisted of: 

● Warm-up (10 min): Water walking with ball throw-and-catch drills, followed by gentle upper- and lower-limb 

stretching exercises. 

● Main training (25 min): Activities based on the Halliwick Ten-Point Programme 1, 2, 3, and 16, including mental 

adjustment, rotational control in the transverse, sagittal, and combined planes, balance in stillness, balance under turbulent 

water conditions, and basic propulsion exercises designed to challenge postural control and dynamic balance. 

● Cool-down (10 min): Relaxation, breathing exercises, and gentle stretching. 



Genetics and Molecular Research 25 (13s): 2026                     3 

Exercise difficulty was progressively increased throughout the intervention according to each participant's tolerance and 

ability to maintain postural control during aquatic activities. Attendance was recorded throughout the intervention, and all 

participants completed the 12-session training program. 

  

Safety monitoring 

Participants were monitored throughout each session for signs of fatigue, dizziness, discomfort, or any adverse events. 

Rest periods were provided whenever required, and no adverse events occurred during the intervention period. 

 

Outcome Measure 

Dynamic balance was assessed using the Mini-Balance Evaluation Systems Test (Mini-BESTest) [13, 14, 15] at baseline and 

after completion of the four-week intervention. All assessments were performed by the same investigator to ensure 

consistency in outcome measurement. 

 

Timing of assessment 

The Mini-BESTest was administered within one week before the first intervention session and within one week after 

completion of the intervention program. 

 

Ethics Approval 

The study protocol was approved by the Institutional Ethics Committee of K J Somaiya College of Physiotherapy, Sion, 

Mumbai (Approval No. KJSCPT/272/24-25) and the Institutional Ethics Committee of Dr. Vithalrao Vikhe Patil 

Foundation's College of Physiotherapy, Ahmednagar (Approval No. DVVPF's/COPT/2023/2297-F). The study was 

prospectively registered with the Clinical Trials Registry–India (CTRI/2025/04/084535).  

 

Statistical Analysis 

Data were analyzed using Microsoft Excel. Descriptive statistics were expressed as mean ± standard deviation (SD). The 

distribution of the change scores was assessed using the Shapiro–Wilk test. Pre- and post-intervention Mini-BESTest 

scores were compared using a paired t-test. Statistical significance was set at p < 0.05. Cohen's d was calculated to estimate 

the effect size, and 95% confidence intervals (CI) were reported.  

 

RESULTS 

All 32 participants completed the 12-session Halliwick aquatic training program and were included in the final analysis. 

No participant withdrew from the study, and no adverse events were reported during the intervention period. 

Dynamic balance, measured using the Mini-BESTest, improved significantly following the four-week Halliwick aquatic 

training program. The mean Mini-BESTest score increased from 16.28 ± 0.51 at baseline to 22.40 ± 0.69 after the 

intervention, representing a mean improvement of 6.13 points. Paired t-test analysis demonstrated a statistically significant 

improvement in dynamic balance (t(31) = 159.66, p < 0.001). The effect size (Cohen's d) was 28.22. The 95% confidence 

interval for the mean difference ranged from 6.05 to 6.20. 

 Baseline participant characteristics are presented in Table 1. Changes in Mini-BESTest scores are presented in Table 2 

and Figure 3.   

 

Table 1. Baseline Demographic and Clinical Characteristics of Participants (n = 32) 

Variable Value 

Number of participants 32 

Age (Years) 66.84 ± 1.74  

Male/Female 22/10 

Sedentary lifestyle 32 (100%) 

Baseline Mini-BESTest 16.28 ± 0.51 

Independent ambulation 32 (100%) 

Abbreviation: Mini-BESTest, Mini-Balance Evaluation Systems Test. 

       

Table 2.  Changes in Mini-BESTest Scores After Halliwick Aquatic Training 

Outcome 

Measure 

Baseline 

(Mean ± 

SD) 

Post-

intervention 

(Mean ± SD) 

Mean 

Difference 

95% 

CI 

t (df = 

31) 

Cohen's 

d 

p-

value 

Mini-

BETest 

16.28 ± 

0.51 

22.40 ± 0.69 6.13 6.05–

6.20 

159.66 28.22 <0.001 
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Abbreviations: SD, standard deviation; CI, confidence interval; Mini-BESTest, Mini-Balance Evaluation Systems Test. 

Note: Higher Mini-BESTest scores indicate better dynamic balance. Statistical comparisons were performed using a 

paired t-test. 

 

Figure 1. Participant Flow Diagram. The flow diagram illustrates participant recruitment, enrolment, completion of 

the intervention, and inclusion in the final analysis. 

 
 

Figure 2. Halliwick aquatic training exercises - Images illustrate the warm-up activities, rotational control exercises, 

and balance training performed throughout the four-week intervention programme. 

 
 

Figure 3. Pre- and Post-intervention Mini-BESTest Scores Following Halliwick Aquatic Training 

 

 
Abbreviation: Mini-BESTest, Mini-Balance Evaluation Systems Test. 

 

DISCUSSION 

The present study investigated the effect of a four-week Halliwick aquatic training program on dynamic balance in 

community-dwelling older adults. The findings demonstrated a statistically significant improvement in Mini-BESTest 

scores following the intervention, with the mean score increasing from 16.28 ± 0.51 at baseline to 22.40 ± 0.69  after 

training. These findings suggest that Halliwick aquatic training appears to be a promising intervention for improving 

dynamic balance and postural control among older adults and may contribute to reducing modifiable risk factors associated 

with falls. 

The improvement in dynamic balance observed in the present study can be explained by both the therapeutic properties 

of the aquatic environment and the task-oriented principles of the Halliwick concept. Water buoyancy decreases 
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gravitational loading and provides a safe environment for practicing balance activities with a reduced fear of falling, while 

viscosity, turbulence, and hydrostatic pressure continuously challenge postural control through multidirectional 

perturbations and enhanced proprioceptive feedback. These characteristics encourage repeated activation of postural 

muscles, improve sensory integration, and facilitate motor learning. Furthermore, the Halliwick Ten-Point Programme 

progressively develops mental adjustment, trunk control, rotational control, equilibrium reactions, and coordinated 

movement, thereby promoting improvements in dynamic balance and functional postural stability. ¹⁻⁴ 

The findings of the present study are consistent with those of Resende et al., who reported significant improvements in 

balance and a reduction in fall risk among older women following a structured hydrotherapy program. ⁵ Likewise, recent 

systematic reviews and meta-analyses have consistently demonstrated that aquatic exercise significantly improves 

balance, gait performance, and functional mobility in older adults. ⁷⁻⁹ Kim et al. reported that aquatic exercise produced 

meaningful improvements in balance and gait compared with control interventions, while Shariat et al. concluded that 

aquatic exercise effectively enhances dynamic balance and postural stability in older adults.⁷ ˒⁸ More recently, Deng et al. 

confirmed that aquatic exercise significantly improves balance and functional mobility and recommended its incorporation 

into rehabilitation programmes for older adults.⁹ The improvements observed in the present study are therefore in 

agreement with the growing body of evidence supporting aquatic exercise as an effective intervention for age-related 

balance impairment. 

An important aspect of the present study is that it evaluated a Halliwick aquatic training program, rather than a 

conventional aquatic exercise program. While most previous studies have focused on general aquatic strengthening, 

aerobic, or balance exercises, the Halliwick concept specifically emphasizes trunk stability, multidirectional rotational 

control, anticipatory postural adjustments, and equilibrium reactions through progressively challenging movement tasks. 

¹⁻³ These principles are fundamental to dynamic balance and are reflected in the domains assessed by the Mini-BESTest. 

The structured progression from mental adjustment to independent movement in water may therefore explain the 

substantial improvement observed following only four weeks of intervention. 

Although evidence regarding Halliwick aquatic training in healthy older adults remains limited, studies conducted in 

neurological rehabilitation provide additional support for its therapeutic potential. Halliwick-based interventions have 

demonstrated improvements in balance, functional mobility, postural control, and movement confidence in individuals 

with stroke, Parkinson's disease, multiple sclerosis, and cerebral palsy. ¹⁶⁻¹⁹ While these populations differ from 

community-dwelling older adults, the common emphasis on postural control, trunk stability, and balance recovery 

supports the potential transferability of Halliwick principles to older individuals experiencing age-related balance decline. 

The improvement in Mini-BESTest scores observed in the present study is clinically meaningful because the Mini-

BESTest evaluates multiple components of dynamic balance, including anticipatory postural adjustments, reactive 

postural control, sensory orientation, and dynamic gait. ¹³⁻¹⁵ Improvements across these domains may translate into better 

functional mobility, greater confidence during activities of daily living, and a reduced risk of falls. These findings are 

particularly relevant considering that international guidelines identify exercise-based balance training as a cornerstone of 

fall prevention in older adults. ¹⁰ Halliwick aquatic training may therefore represent a valuable rehabilitation option for 

older adults who are reluctant or unable to participate safely in land-based balance training because of pain, weakness, 

joint degeneration, or fear of falling. ⁴˒¹⁰ 

The present study has several strengths. It employed a standardized Halliwick aquatic training program delivered by 

trained physiotherapists, achieved complete participant adherence without dropouts or adverse events, and utilized the 

Mini-BESTest, a reliable and clinically validated measure of dynamic balance. ¹³⁻¹⁵ Furthermore, the study was 

prospectively registered with the Clinical Trials Registry–India and conducted following institutional ethical approval, 

thereby enhancing methodological transparency and reproducibility. 

Nevertheless, several limitations should be acknowledged. The study employed a single-group pre–post experimental 

design without a control group, limiting the ability to attribute the observed improvements exclusively to the Halliwick 

intervention. The relatively small sample size and recruitment from a single geographical region may also limit the 

generalizability of the findings. Additionally, outcome assessments were performed immediately after the intervention, 

and no long-term follow-up was undertaken to determine whether the improvements in balance were sustained over time. 

Future research should include randomized controlled trials with larger and more diverse samples, blinded outcome 

assessment, long-term follow-up, and direct comparisons between Halliwick aquatic training, conventional aquatic 

exercise, and land-based balance programs to establish comparative effectiveness. 

In conclusion, a four-week Halliwick aquatic training program significantly improved dynamic balance in community-

dwelling older adults. The findings support Halliwick aquatic training as a safe, feasible, and clinically effective 

intervention for enhancing postural control and dynamic balance. Incorporating Halliwick-based aquatic rehabilitation 

into community and clinical fall-prevention programs may provide an effective strategy for maintaining functional 

independence and promoting healthy aging. ¹⁰ 

 

CONCLUSION 

A four-week Halliwick aquatic training program was associated with a significant improvement in dynamic balance 

among community-dwelling older adults, as demonstrated by increased Mini-BESTest scores following the intervention. 

These findings suggest that Halliwick aquatic therapy appears to be a safe, feasible, and effective rehabilitation approach 

for enhancing postural control in older adults. Incorporating Halliwick-based aquatic exercises into rehabilitation 

programs may help improve balance and support fall-prevention strategies in the aging population. Further randomized 

controlled studies with larger samples and long-term follow-up are warranted to confirm these findings and establish their 

long-term clinical benefits.  
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