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Stroke



Every year, more than 795,000 people in the United States have a stroke. About 
610,000 of these are first or new strokes.



Stroke



RIGHT CVA LEFT CVA

Left hemiparesis

Spatial-perceptual deficits

Quick impulsive behavior 

Impaired judgement

Tends to minimize problems

Memory deficits

Right hemiparesis

Speech-language deficits

Slow, cautious behavior

Impaired comprehension

Aware of deficits, depression, anxiety

Memory deficits

Left brain controls: 
Right body motor control
Language and writing
Logic & reasoning

Right brain controls:
Left body motor control 

Spatial recognition
Insight and imagination

Common issues after stroke



Movement Control Issues

• Hemiparesis
• 50% - long term muscle weakness influencing ability to move
• Limited fine, dexterous control of hand and fingers – limiting ADLs
• Up to 85% experience impaired proprioception and/or touch
• Movement and sensation damage extend beyond initial damage to 

the brain
• Tightness, inelastic muscle properties
• Limited ROM/Contractures
• Over-excited reflex reactions

• Deconditioning is profound!





Previous Metanalyses/Reviews (at least 4)

• Results indicated aquatic therapy is superior to land-based therapy 
in:
✔ Gait
✔ Balance
✔ Independence with ADLs
✔ Mobility
✔ Muscular Strength
✔ Aerobic Capacity
✔ Body Structure and Function

• No difference in Quality-of-Life Measures



Previous Metanalyses/Reviews (at least 4)

• Limitations/Gaps

✔ No comparison of different forms of aquatic therapy

✔ No information on non-physical deficits (e.g., depression)

✔ No information on muscle tone/spasticity



Aquatic therapy in stroke rehabilitation: systematic review and meta‐analysis

Acta Neuro Scandinavica, Volume: 143, Issue: 3, Pages: 221-241, First published: 03 November 2020, DOI: (10.1111/ane.13371) 



Outcome Measures Used (N=28)

Categories # Trials

Balance 22

Walking Ability 19

Muscular Strength 7

ADL Independence 5

Proprioception 3

HRQL (e.g., SF-36, EQ-5D) 5

Physiological Indicators (e.g., arterial stiffness, 
blood pressure, EMG)

2

Cardiorespiratory  Fitness (e.g., Graded Treadmill 
testing, Max ergometer testing)

3

Spasticity 1



Effect Size

Effect Size  =  Mean of experimental group - Mean of Control group
Standard deviation

Small = .2

Medium = .5

Large = .8



Comparison with no Intervention

• 6 Studies
• 244 participants
• 30 days – 3.6 years post stroke
• Aquatic Therapy is effective in:
✔ Walking
✔ Balance
✔ Emotional status and HRQL
✔ Spasticity
✔ Physiological indicators



Aquatic therapy in stroke rehabilitation: systematic review and 
meta‐analysis

Acta Neuro Scandinavica, Volume: 143, Issue: 3, Pages: 221-241, First published: 03 November 2020, DOI: (10.1111/ane.13371) 



Comparison to Land-Based Interventions
• 21 Trials
• 691 participants
• 24 weeks - > 12 months
• Aquatic Therapy superior to Land-based
• Similar effects on Independence in ADLS

• Balance
• Walking
• Muscular Strength
• Proprioception
• HRQL
• Physiological Indicators
• Cardiorespiratory fitness

• Water-based therapy concepts (Halliwick, Ai Chi, Bad Ragaz) - most effective
• Aquatic Treadmill – least effective



Overall



Balance



Gait



Muscular Function/Strength



ADL Independence





HRQOL



Physiological Factors/Cardiorespiratory Fitness





Participants/Interventions

• 32 participants in sub-acute phase after stroke

• Water + Land (n=17) 

✔ 30 min/session water + 30 min/session land; 2x/week; 6 weeks

• Land only (n=18)

✔ 60 min/session land; 2x/week; 6 weeks



Land Based Activities



Water-Based Activities



Outcome Measures

• Berg Balance Scale
• Community Balance and Mobility Score
• Timed Up and Go
• 2-minute Walk Test







Results

• Water + Land Group – 
✔ significantly better outcomes compared to land only - with 

more exceeding the published minimal detectable change 
scores 





Participants/Interventions

• 36 in subacute phase of recovery (3-6 mos)
• Aquatic Intervention (n=18)
✔ 40 min/session; 5x/week; 8 weeks
✔ 5 minute warm-up
✔ 35 min exercise

• 5 min Halliwick activities
• 6 exercises

• Control group (n=18)
✔ 40 min/session; 5x/week; 8 weeks
✔ Structured land-based exercises



Outcome Measures

• Maximum isometric contraction
• Co-contraction ratios
• Modified Ashworth Scale (hypertonicity)
• Functional Ambulation Category
• Barthel Index





Results

• Aquatic Intervention group
✔ Higher knee extension and ankle plantarflexion torque

✔ Lower knee extension co-contraction ratio

✔ Functional Ambulation Category scores

✔ Barthel Index

✔ Modified Ashworth Scale scores – did not change





Participants

• 20 in chronic phase of recovery (> 6 mos)
• 60 min/session; 3x/week; 6 weeks
• Ai Chi (n=10)
✔ 3 Katas – warm up
✔ 3-4 Katas; 10-15 repetitions
✔ Gait training for 15 minutes
• Conventional Aquatic Exercise (n=10)
✔ Stretching
✔ Resistance
✔ Gait training



Outcome Measures

• Limits of Stability – SMART Balance System
• Berg Balance Scale
• GaitRite System
• Fugl-Meyer Assessment





Results

• Limits of Stability – SMART Balance System
✔ Ai Chi group significantly improved
• Berg Balance Scale
✔ Both groups improved with AI Chi group improving more
• GaitRite System
✔ Ai Chi group improved with speed and stride length
✔ Conventional group improved in stride length
• Fugl-Meyer Assessment
✔ Both groups improved with AI Chi group improving more



Other thoughts on stroke recovery using water?


