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My Plan
• Research - Selected Topics

• Balance Dysfunction
• Hip and Knee Dysfunction
• Edema control
• Stroke

• Lifestyle Medicine and Physical Therapy
• Physical Activity
• Healthy Eating
• Smoking Cessation
• Sleep Health
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Research in 
Aquatics

David M. Morris, PT, PhD. FAPTA



Levels of Evidence 4



Systematic Review Vs. Meta-nalysis

• Systematic Review -  attempts to gather all 
available empirical research by using clearly 
defined, systematic methods to obtain answers 
to a specific question. 

• A meta-analysis - the statistical process of 
analyzing and combining results from several 
similar studies.
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Standard Mean Difference
• A summary statistic used when the studies in a 
meta-analysis assess the same outcome but 
measured it in different ways.

• Click here
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Forest Plots
• Provides a quick graphical representation of 
the data coming from a meta-analysis, as well 
as numeric summaries to the left of the plot.

• Click here
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PEDro Scale
• The PEDro scale is an instrument to assess 
randomized, controlled trials 

• “poor” (scores 0–4), 
• “fair” (4–5), 
• “good” (6–8), and 
• “excellent” (9–10)
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Aquatic Therapy for 
Balance Dysfunction

David M. Morris, PT, PhD. FAPTA



Introduction

• No universal definition of posture and balance

• No agreement on the neural mechanisms 
underlying control of posture and balance

• Postural control emerges from interaction of 
individual with task and environment

• Postural control system is complex interaction of 
musculoskeletal and neural systems



Defining Postural Control 

Postural control involves controlling body's position 
in space 

• Postural orientation ― ability to maintain 
appropriate relationship between body segments 
and between the body and environment for a task 

• Postural stability ― ability to control COM in 
relationship to the base of support



14 

Postural Stability or Balance
• Ability to maintain the Center of Mass (COM) over the 

base of support.

• Vertical projection of COM is the Center of Gravity 
(COG).

• Requires:

✔ Ability to maintain a position (static balance).

✔ Stabilize during voluntary activities (dynamic balance).

✔ React to external perturbations (static and dynamic).
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Balance: Related Terms
• Balance reactions
• Postural reactions
• Postural Control
• Posture
• Equilibrium



Postural Control Requirements Vary with the 
Task and Environment 

• Specific orientation and stability requirements 
vary according to task and environment

• Strategies used to accomplish postural control 
must adapt to varying task and environmental 
demands



17 



18 

Low Level Task



High Level Task
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Cone of Stability



Motor Control of Quiet Stance
 
• Alignment

• Muscle tone
• Intrinsic stiffness of muscles 

• Background muscle tone

• Postural tone – activation of antigravity muscles 
during quiet stance



• Results from sensory input from multiple sensory 
systems

• Cutaneous input from soles of feet
• Somatosensory inputs form neck
• Vestibular input

• Many muscles are tonically active in quiet stance; 
core stability muscles

• Soleus and gastrocnemius
• Tibialis antierior
• Gluteus medius
• Iliopsoas
• Thoracic erector spinae (with intermittent activity of 

abdominals)

Postural Tone
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Systems Underlying Balance
• Biomechanical Factors
• Motor Coordination
• Sensory Organization
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Biomechanical Factors
• Strength

• Range of Motion

• Flexibility

• Muscle tone
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Motor Coordination
• Postural strategies (anteroposterior)
✔ ankle, hip, stepping 

• Synergies
✔ coupling of groups of muscles so they act as a unit 

to produce strategies
✔ Combined with fine tuning of individual muscles



Anteroposterior Stability

• Ankle strategy

• Hip strategy

• Stepping strategy
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Ankle strategy
• Small perturbations
• Firm support surface
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Ankle Strategy:  Synergy
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Hip Strategy
• Larger and faster perturbations
• Compliant surfaces
• Surfaces smaller than feet
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Stepping Strategy
• When ankle or hip strategies are inadequate
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Other postural strategies
• Mediolateral strategies

• Equilibrium responses

• Anticipatory Adjustments
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Critical Characteristics of 
Motor Strategies
•Timing

•Sequence

•Reciprocal inhibition

•Force

•When and where used



• Cognitive ≠ Conscious

• Adaptive postural control (Feedback)–

• involves modifying sensory and motor systems in response to 
changing task and environmental demands

• Results from external perturbation

• Anticipatory postural control (Feedforward)

• pre-tuned sensory and motor systems based on previous 
experience and learning

• Made in anticipation of a voluntary movement that is expected 
to be destabilizing.

Higher-Level Cognitive 
Aspects
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Anticipatory Adjustments
• Prior to movement
• adjust “set”, align COG
• adapts to task demands
• feedback & experience
❑ Lets you know if it was successful
❑ Allows you to fine tune for next movement
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Deng et al., 2024
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Inclusion Criteria
• Ages 60 and above
• Interventions involving AE with clear 
intervention details (duration, frequency, type 
and intensity)

• Control group was land-based
• Outcomes reported had at least 1 balance 
score and compared AE vs. LE

• RCTs
• In English
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Study Diagnosis Intervention/ 
Comparison

Sample size pre 
(post)

Age 
(mean ± SD)

Bento et at, 
2012

Healthy 
Populations

Healthy AE
LE

27 (24)
20 (14)

65.6 ± 4.2
65.6 ± 4.4

Bento-Torres 
et al, 2019

Healthy AE
LE

14 (14)
14 (14)

71.2 ± 4.4
71.7 ± 4.4

Bocalini et al, 
2010

Healthy AE
LE

30 (27)
20 (18)

>62

Oh et al, 2015 Healthy AE
LE

40 (34)
40 (32)

74.7 ± 2.9
68.2 ± 4.4

Oh et al, 2021 Healthy AE
LE

40 (34)
40 (32)

74.7 ± 2.9
72.2 ± 4.4

Sanders et al, 
2013

Healthy AE
LE

48 (43)
18 (17)

73.6 ± 13.5
72.8 ± 27.4

Vale et al, 
2020

Sedentary 
Lifestyle

AE
LE

28 (28)
26 (26)

67.3 ± 1.7
67.3 ± 1.7

Table 1 Summary of Included studies 
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Study Water 
Depth

T ℃ Min/Session Times/ Week Total 
Duration 
(weeks) 

Outcome 
Measures

Bento et at, 
2012

Xiphoid 
Level 

28-30 60 3 12 6 MWT / 30 
CST

Bento-Torre
s et al, 2019

/ / / 3 12 6 MWT / 30 
CST

Bocalini et 
al, 2010

/ / 45 3 12 30 CST

Oh et al, 
2015

1.2m 28 60 3 10 TUG

Oh et al, 
2021

1.2m 28 60 3 10 TUG

Sanders et 
al, 2013

1.0-1.2m 28-29 45 3 16 30 CST

Vale et al, 
2020

1.3 M 32 60 2 16 BBS

Intervention Period
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Study Diagnosis Intervention/ 
Comparison

Sample size pre 
(post)

Age 
(mean ± SD)

Kurt et al, 
2018

Nervous 
system 
diseases

Parkinson AE
LE

20 (20)
20 (20)

62.4 ± 6.8
63.6 ± 7.2

Lee et al, 2018 Stroke AE
LE

19 (18)
18 (14)

57.6 ± 14.0
63.7 ± 11.3

Perez et al, 
2017

Parkinson AE
LE

15 (14)
15 (15)

66.8 ± 5.3
67.5 ± 9.9

Perez et al, 
2021

Stroke AE
LE

15 (15) 
15 (17)

63.8 ± 13.6
62.7 ± 13.4

Silva et al, 
2020

Nervous 
system 
diseases

Parkinson AE
LE

14 (14)
14 (11)

63.1 ± 13.6
64.2 ± 13.5

Volpe et al 
2014

Parkinson AE
LE

17 (17)
17 (17)

68.0 ± 7.0
66.0 ± 8.0

Volpe et al 
2017

Parkinson AE
LE

15 (13)
15 (11)

70.6 ± 7.8
67.3 ± 7.8
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Study Water 
Depth

T ℃ Min/Session Times/ Week Total 
Duration 

Outcome 
Measures

Kurt et al, 
2018

1.2 32 60 5 BBS / 
TUG

Lee et al, 
2018

/ 30-33 30 4 BBS

Perez et al, 
2017

1.4-1.45 
m

30 45 2 10 BBS / TUG

Perez et al, 
2021

1.4m 34-36 45 2 12 BBS/ TUG

Silva et al, 
2020

/ / 60 2 10 BBS/ TUG

Volpe et al, 
2014

/ / 60 5 8 BBS/ TUG

Volpe et al, 
2017

/ / 60 5 8 BBS/ TUG

Intervention Period
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Study Diagnosis Intervention/ 
Comparison

Sample size pre 
(post)

Age 
(mean ± SD)

Arnold et al, 
2008

Musculoskeletal 
diseases

HOA AE
LE

21 (16)
20 (15)

68.6 ± 5.4
69.1 ± 6.3

Arnold et al, 
2010

HOA AE
LE

27 (19)
27 (19)

74.4 ± 7.5
75.8 ± 6.2

Assar et al, 
2020

KOA AE
LE

12 (12)
12 (12)

57.5± 6.9
63.8 ± 7.5

Hale et al, 2012 OA AE
LE

23 (20)
16 (15)

62.1± 6.4
61.7 ± 6.9

Kuptniratsaikul 
et al, 2019

Nervous 
system 
diseases

KOA AE
LE

40 (40)
40 (40)

62.1 ± 6.4
61.7 ± 6.9

Moreira, et al, 
2020

Muscle 
Disorder 

AE
LE

75 (60)
70 (60)

70.6 ± 6.0
71.9 ± 7.0

Murtezani, et al, 
2014

Osteoporosis AE
LE

33 (31)
31  (31)

59.8 ± 6.0
60.7 ± 7.6
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Study Water 
Depth

T ℃ Min/Session Time/ Week Total 
Duration 

Outcome 
Measures

Arnold et al, 
2008

Shoulder 
to waist

30 50 3 20 BBS

Arnold et al, 
2010

Chest 
Level

/ 45 2 11 6 MWT / 
BBS/ TUG/ 30 
CST

Assar et al, 
2020

1.3 32 90 3 8 BBS

Hale et al, 
2012

1.3 28 60 2 12 TUGT

Kuptniratsaik
ul et al, 2019

/ / 30 3 4 6 WMT

Moreira, et al, 
2020

Xiphoid 
level

31 45 2 16 BBS

Murtezani, et 
al, 2014

Chest level 30 60 3 40 6 MWT / BBS

Intervention Period
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Study Diagnosis Intervention/ 
Comparison

Sample size pre 
(post)

Age 
(mean ± SD)

Taglietti et al, 
2018

Musculoskeletal 
diseases

KOA AE
LE

31 (31) 
29 (29)

67.3 ± 5.9 
68.7 ± 6.7

Wang et al 2011 KOA AE
LE

28 (26)
28 (26)

66.7 ± 5.6 / 68.3 
± 5.6

Adset et al, 2017 Cardiopulmonary 
diseases 

HF AE
LE

36 (29) 
25 (22)

72.9 ± 8.4 
68.3 ± 11.3

Caminti et al, 
2011

HF AE
LE

11 (11) 
10 (10)

67.0 ± 6.0 
69.0 ± 8.0

de Castro et al, 
2020

COPD AE
LE

27 (17)
23 (14)

64.0 ± 8.0  65.0 ± 
8.0

Felcar, et al, 2018 COPD AE
LE

34 (20)
36 (16)

68.0 ± 8.0
69.0 ± 9.0

Ferreira et al, 
2022

COVID-19 AE
LE

26 (24) 
26 (25)

70.2 ± 4.2
71.4 ± 4.6

Liu et al, 2021 COPD AE
LE

16 (14) 
17 (15)

65.0 ± 11.0
65.0 ± 8.0
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Study Water 
Depth

T ℃ Min/Session Time/ Week Total 
Duration 

Outcome 
Measures

Taglietti et al, 
2018

1.2m 32 60 2 8 TUG

Wang et al 
2011

/ 30 60 3 12 6 MWT 

Adset et al, 
2017

Chest 
Level

33-34 60 1 16 6 MWT/TUG

Caminti et al, 
2011

Xiphoid 
level

31 60 3 24 6 MWT

de Castro et 
al, 2020

1m 33 60 3 12 6 MWT/TUG

Felcar, et al, 
2018

1m 33 60 3 24 6 MWT

Ferreira et al, 
2022

1.4 27-32 60 2 16 TUG

Liu et al, 2021 Xiphoid 
level

26-30 60 2 12 6 MWT / 
30CST

Intervention Period



48



49



50



51



52



53



Sensitivity Analysis
• Excluding trials with distinctly opposite direction 
change in each category
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Other thoughts on balance recovery using 
water?

What are your “go to” strategies?

Any new ideas after seeing the research?



Aquatic Therapy for 
Hip and Knee 
Dysfunction with 
Osteoarthritis

David M. Morris, PT, PhD. FAPTA



Osteoarthritis
• Most common form of Arthritis
• Most frequently in hips, knees and hands
• Women > Men
• 10th on Disability Cause List
• 5th in US health care economic list
• All Guidelines STRONGLY recommend 
physical exercise



Most Affected Sites



Knee OA
• Worldwide – Most common single cause of 
lower limb disability in adults over 50

• Usually bilateral with one side more affected
• Pain
✔ Anteromedial or more generalized on 

medial-compartment of tibiofemoral joint
✔ Anterior in patellofemoral joint
✔ Distal radiation
✔ Rarely posterior unless popliteal (Baker’s) cysts are 

present



Knee OA - Symptoms 
Category Symptoms
Pain • Affects one or a few joints at a time

• Insidious onset - slow progression over 
years

• Variable intensity
• May be intermittent
• Increased by joint use and relieved by 

rest
• Night pain in severe osteoarthritis

Stiffness Short-lived (<30 minutes) and early morning- 
or inactivity-related

Swelling Some (eg, nodal osteoarthritis) patients 
present with swelling and/or deformity

Constitutional Symptoms Absent



Knee OA – Physical Findings
Appearance • Swelling (bony overgrowth ± 

fluid/synovial hypertrophy)
• Deformity
• Muscle wasting (global - all muscles 

acting over the joint)

Palpation • Absence of warmth
• Swelling (effusion if present is usually 

small and cool)
• Joint line tenderness
• Periarticular tenderness (especially 

knee, hip)

Range of Motion • Crepitus (knee, thumb bases)
• Reduced range of movement
• Weak local muscles



Knee OA – History Findings
• Exacerbated by:

• Prolonged sitting
• Standing from a low chair
• Climbing stairs or inclines (going down is often 

worse)
• Persistent night pain – “keeps them awake”

• Reports of “giving way”



Hip OA
• Hip OA presents with pain, aching, stiffness, and 
restricted movement 

• Pain usually felt deep in the anterior groin but may 
involve the anteromedial or upper lateral thigh and 
occasionally the buttocks

• Distal radiation not uncommon-distal thigh and/or 
knee pain without any proximal symptoms

• Frequently unilateral  
• Both active and passive hip movements are 
equally painful

• Internal rotation with the hip flexed is frequently the 
earliest and most affected movement





Hip OA
• Pain is exacerbated particularly by rising from a 
seated position and during the initial phases of 
ambulation 

• Wasting of thigh muscles
• Positive Trendelenburg test 
• Shortening of the affected extremity may also 
be present
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Inclusion Criteria
• People with Hip OA 
• >18 years
• Reported AE interventions as main 
interventions

• Within last 15 years
• Included physical performance, functional 
performance, or health-related QOL





Author Study 
Type

Year n Joint Training 
Types

Training 
time/ 

wk,min

Training 
Duration, 

wk

n Type

Arnold et 
al

RCT 2011 28 Hip AE+ 
Education

2 X 45 11 26 AE

Cochrane 
et al

RCT 2005 153 Hip & 
Knee

AE 2 X 60 52 159 none

Fransen et 
al

RCT 2007 55 Hip or 
Knee

AE  2 X 60 12 56 
&41

Tai chi & 
wait-list

Hale et al RCT 2012 23 Hip 
and/or 
Knee

AE 2 X 20-60 12 16 Computer 
Skills 

training 
Hinman et 
al

RCT 2006 36 Hip or 
knee

Aquatic PT 2 X 45-60 6 35 None

Intervention Control

Table 2 
Included Study Characteristics



Author ROM Strength Gait (Speed 
or 

Endurance)

LE Function Balance Pain QOL

Arnold et al 6MWT 30sSTS TUG, BBS, 
ABS, 

MCTSIB

Cochrane et 
al

Isometric 
HS, 

Isometric 
Quads

8 –ft Walk 
Test

WOMAC, Function 
SF-36 Function
Ascend 4 Stair (s)
Decend 4 stair (s)

WOMAC pain, 
WOMAC 
Stiffness,  
SF-36 Pain

EQ Vas
SF-36 

All/Aggregat
e 

Fransen et 
al

50 Ft Walk 
Test

WOMAC Function
Full Flight Stair 
Climb(s) 

TUG WOMAC Pain, 
WOMAC 
Stiffness

SF-12

Hale et al PPA 
Strength

WOMAC Function TUG, ABS, 
PPA- no 
strength, 

lateral Strep 
test 

WOMAC Pain,
WOMAC 
Stiffness

AIMS2-SF

Hinman et 
al

Isometric 
Quads, 

Isometric 
Hip Abs

6MWT WOMAC Function, 
PASE Scale

TUG, Strep 
– Tap Test

VAS, 
WOMAC Pain, 
WOMAC 
Stiffness

AQL Scale

LE Function Outcome
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Inclusion Criteria
• People with Knee OA 
• > 40 years
• No medical conditions to prevent physical 
activity

• No organized exercise program in last 3 
months

• RCT



First Author Country of study ne1/nc1
ne2/nc2

Experimental Group
(type of exercise)

Control Group 
(type of exercise)

Intervention Time Outcome Measures

Dias Brazil 33/32 Aquatic exercise and an 
educational Protocol 

An educational Protocol  Six Weeks WOMAC
muscle strength
Power and resistance

Silva Brazil 32/32 Aquatic Physical 
Therapy

Land – Based Exercise 18 Weeks Lequesne Index Scores
WOMAC, VAS, 50FWT

Kars Fertelli Turkey 60/60 Aquatic Physical 
Therapy

Not receive any 
intervention

8 Weeks WOMAC, ASS
Muscle strength

Hale New Zealand 23/16 Aquatic Physical 
Therapy

Computer Skills 
Training

6 Weeks Falls risk ratio
Step test, TUGT, ABC 
Scale
AIMS2-SF 26, WOMAC

Hinman Australia 36/35 Aquatic Physical 
Therapy

Usual Care 8 Weeks VAS, WOMAC, AQOL, 
PASE
Muscle strength
step test, TUGT, 6MWT

Table 1 Characteristics of studies included in the meta- analysis 



First Author Country of study ne1/nc1
ne2/nc2

Experimental Group
(type of exercise)

Control Group 
(type of exercise)

Intervention Time Outcome Measures

Lim Korea 24/22
24/22

Aquatic Physical 
Therapy

Land-based exercise
Home-based exercise

 8 Weeks Body weight, BMI, lean
body mass, body fat mass,
body fat proportion,
abdominal fat, BPI
WOMAC
SF-36
Peak torque, knee extensor
and flexor

Lund Denmark 27/25
27/27

Aquatic Physical 
Therapy

Land-based exercise
Not receive any 
intervention

8 Weeks VAS
KOOS

Rantalainen Findland 60/60 Aquatic Physical 
Therapy

Usual Care 16 Weeks T2 relaxation time, 
DGEMRIC
index
Cardiorespiratory fitness,
force
KOOS

Suomi WI 10/10
10/10

Aquatic Physical 
Therapy

Land-based exercise
Not receive any 
intervention

8 Weeks Flexibility, hand–eye
coordination
Right arm curls, Left arm
curls
RSHab isometric, LSHab
isometric, LHab isometric
Functional capacity 
evaluation



First Author Country of study ne1/nc1
ne2/nc2

Experimental Group
(type of exercise)

Control Group 
(type of exercise)

Intervention Time Outcome Measures

Tagletti Brazil 31/29 Aquatic Physical 
Therapy

Educational Program  8 Weeks VAS, WOMAC, SF-36
Depression, TUGT

Waller Finland 43/44 Aquatic Physical 
Therapy

Usual Care 4 Months Walking speed, body
mass, BMI, lean mass, fat
mass
KOOS

Wang USA 20/18 Aquatic Physical 
Therapy

Usual Care 12 Weeks Flexibility, muscle strength
6MWT, MDHAQ, VAS

Wang Taiwan 26/26
26/26

Aquatic Physical 
Therapy

Land-based exercise
Not receive any 
intervention

12 Weeks KOOS, ROM, 6MWT























Inclusion Criteria
• Participants had undergone any type of hip or 
knee arthroplasty

• > 18 years
• Study compared AE and LE (comparison group 
completed LE alone)

• RCT
• English only









Other thoughts on using water hip and knee 
dysfunction?

What are your “go to” strategies?

Any new ideas after seeing the research?



Aquatic Therapy for 
Edema Management

David M. Morris, PT, PhD. FAPTA



Chronic Venous Disease
• Common medical problem that can result in 
significant morbidity and mortality. The clinical 
presentation spans a spectrum from:

✔Asymptomatic but cosmetically troublesome 
small ectatic veins (spider veins and reticular 
veins)

✔Varicosities and edema
✔Severe skin changes including fibrosing 

panniculitis, dermatitis, and ulceration.
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Advanced 
Lipodermatosclerosis
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Skin changes of Chronic 
Venous Insufficiency
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CEAP Classification
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Lymphedema
• Abnormal accumulation of interstitial fluid and 
fibroadipose tissues resulting from reduced 
lymph transport because of injury, infection, 
cancer/cancer-related treatment, or congenital 
abnormalities of the lymphatic system

• Can be primary or secondary – depending on 
etiology and presentations
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Risk Factors
• Hereditary syndromes
• Genetic mutations
• Malignancy and its treatment
• Obesity
• Infection
• Trauma
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Measurement – Limb 
Circumference
For the upper extremity:

✔ At the metacarpal-phalangeal joints (if edematous)

✔ Around the wrist

✔ 10 cm below the olecranon process

✔ 10 cm above the olecranon process

In the lower extremity:

✔ At the metatarsal-phalangeal joints (if edematous)

✔ 2 cm superior to the medial malleolus

✔ 10 cm above the superior pole of the patella

✔ 10 cm below the inferior pole of the patella
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Measurement - Other

• Limb Volume
• Bioimpedence spectroscopy
• Functional status
• Other manifestations
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With Immersion

Increase in blood flow:
✔75% to thorax
✔25% to cardiac chamber
✔15% to brain

119



120



121



122



123



Exercise Protocol
•Warm-up cycling
•Tip-toe exercises (4 x 10 reps)
•Hip flex-ext (4 x 10 reps)
•Tip-toe on step (4 x 10 reps
•Forward/backward walking (5 min)
•Cycling-like single push in standing(5 min)
•Ankle flex-ext with knee bent to 90(4 x 10 
reps)

•Cool-down cycling
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Sharafi et al., 2020
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Other thoughts on edema reduction using 
water?

What are your “go to” strategies?

Any new ideas after seeing the research?



Aquatic Therapy for 
Stroke

David M. Morris, PT, PhD. FAPTA



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



Aquatic therapy in stroke rehabilitation: systematic review and meta‐analysis
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Other thoughts on balance recovery using water?

What are your “go to” strategies?

Any new ideas after seeing the research?


