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OUTLINE

REACTIVE
BALANCE
CONTROL




- Falls happen in unexpected, high-

challenge situations - -
. Many programs: : :
0

- controlled 0
> predictable
- low challenge
GAP BETWEEN TRAINING AND REAL-
LIFE DEMANDS

Brown et al. 2023
McCrum et al., 2022

REACTIVE BALANCE CONTROL



Body’s center of
mass remains
within the base

of support

Runge et al. 1999
Hong et al., 2025

REACTIVE BALANCE CONTROL



___#

Video from SN Robinovitch; www.SFU.ca/tips

Robinovitch et al. 2013

REACTIVE BALANCE CONTROL



REACTIVE

BALANCE CONTROL

REACTIVE
BALANCE
CONTROL
ability to respond to
loss of balance and
prevent fall

Sherrington et al., 2020



Reactive steps are most
commonly used to respond to a
loss of balance and are also the

last resort to prevent a fall

Bahagwat et al. 2023

REACTIVE BALANCE CONTROL



REACTIVE BALANCE TRAINING (RBT)

TASK-SPECIFIC
PERTURBATIONS
SAFE AND CONTROLLED ENVIRONMENT



Toronto Perturbation-Based Balance
Training

Implementing reactive balance training
in rehabilitation practice: a guide for
healthcare professionals

Program Manual

‘% Toronto
ﬁ ) Rehabilitation
e, [nstitute

The Kite Research Institute

Mansfield A, Inness EL, Danells CJ, Jagroop D, Musselman KE, Salbach NM,
Kochanowski J. Implementing reactive balance training in rehabilitation practice:

a guide for healthcare professionals; 2021 Program developed and manual written by: Avril Mansfield, Vincent DePaul,

Cynthia Danells, Elizabeth Inness, Louis Biasin, Vivien Poon, and Svetlana Knorr

For further information, please contact: avril. mansfield@uhn.ca

Version date: 20 October 2017

REACTIVE BALANCE TRAINING



Table 1.1: Summarz of evidence for reactive balance training

Outcome Evidence statements PoEulation studied

Reactive balance control RBT is superior to other balance Apparently healthy older adults®*°
training methods for improving Sub-acute & chronic stroke!!'4
reactive balance control Parkinson’s disease'”

Functional balance and RBT is similar to other balance Apparently healthy older adults®>2°
mobility training methods for improving Frail older adults'’
functional balance and mobility Sub-acute & chronic stroke'!!>4

Parkinson's disease!?-20.21,27-31

Incomplete spinal cord injury??

Balance confidence/fear RBT is similar to other balance Apparently healthy older adults®%
of falling training methods for improving Sub-acute & chronic stroke!!1314
balance confidence/fear of falling  Parkinson’s disease?’*%3!
Incomplete spinal cord injury??

Reaction time RBT is superior to other balance Apparently healthy older
training methods for improving adultst?4+02%
volitional reaction time Frail older adults'”

Chronic stroke'4

Parkinson disease?’

REACTIVE BALANCE TRAINING



AQUATIC REACTIVE BALANCE TRAINING




WHY?

« INncreased risk of adverse events ’/,
compared to other types of exercise
. joint pain _ Q
- fear and anxiety /,
- injury due to a ‘fall’ into the safety
harness

« lack of safety equipment or
equipment to provide balance

pe rturbations Devasahayam et al., 2023;
Jagroop et al., 2007;

Mansfield et al., 2021;
Margalit et al., 2023;
Ogonowska-Slodownik et al., 2025

AQUAREBAL



66

And even though |
had the harness and
there wasn't a
danger of me
actually hitting the
floor, my brain
seemed to just
overiook that.

9

AQUAREBAL



WATER-BASED PERTURBATION

Melzer |, Elbar O, Tsedek |,
Oddsson L. A water-based
training program that include
perturbation exercises to improve
stepping responses in older
adults: study protocol for a
randomized controlled cross-over
trial. BMC Geriatr. 2008:;8:19.

Elbar O, Tzedek |, Vered E,
Shvarth G, Friger M, Melzer I. A
water-based training program

that includes perturbation
exercises improves speed of
voluntary stepping in older
adults: a randomized controlled
cross-over trial. Arch Gerontol
Geriatr. 2013;56(1):134-40.

AQUAREBAL

Muthukrishan R, Badr Ul Islam
FM, Shanmugam S, et al.
Perturbation-based Balance
Training in Adults Aged Above 55
Years with Chronic Low Back
Pain: A Comparison of Effects of
Water versus Land Medium - A
Preliminary Randomized Trial.
Curr Aging Sci. 2024;17(2):156-
168.



medRyiv

THE PREPRINT SERVER FOR HEALTH SCIENCES

A Follow this preprint

Using a co-design approach to develop aquatic reactive
balance training for fall prevention

Anna Ogonowska-Slodownik, Julia O. Faria, Shanuga Thavarajah, Karina Pacholczyk,
Birgit Blain, Myra Wiener, Jane Walker, ©' Avril Mansfield, Soo Chan Carusone

doi: https://doi.org/10.64898/2026.03.07.26347842
This article is a preprint and has not been peer-reviewed [what

does this mean?]. It reports new medical research that has yet to
be evaluated and so should not be used to guide clinical practice.

I -
Karger<

Gerontology

Gerontology , DOI: 10.1159/000550917
Received: October 22, 2025

Accepted: February 4, 2026

Published online: March 4, 2026

Feasibility of aquatic reactive balance training (AquaReBal) for older
adults: protocol for a single-arm pre-post study

Ogonowska-Slodownik A, Marinho-Buzelli A, Danells C, Musselman KE,
Bonnyman A, Alavinia M, Mansfield A

ISSN: 0304-324X (Print), elSSN: 1423-0003 (Online)
https://www.karger.com/GER
Gerontology

AQUAREBAL




60 Mmin

10 min warm-up

40 min perturbations
10 min cool-down

EEEEEEEEEEEEN :
P
= A AR o =, 7
L R P
e

X week (6 weeks)




10 ‘voluntary’ tasks

6 perturbation
per task

60 perturbations

AQUAREBAL



ADAPTATIONS TO

PERTURBATIONS REDUCE/INCREASE
DIFFICULTY
iInternal wide base of
support/feet together
water
low step/high step
physiotherapist

walk slowly/walk fast

AQUAREBAL



TYPES OF TASKS

stable (e.g. tandem stance)
quasi-mobile (e.qg., stepping, tap ups, walking in place)
Mmobile (e.g. side stepping, turning)

unpredictably mobile (e.g. walking and pushing ball, cued
walking)

AQUAREBAL



ACCEPTABILITY

“l liked the fact that | was
doing exercise in the water
because there was support
and it wasn’t painful for
my joints... | was getting
exercise without the pain
of exercise on land.”

“| really enjoyed the
program. | liked
being in the water. |
liked doing the
activities in the
water. And | was
working towards the
goal”

AQUAREBAL



OBSERVED CHANGES

“Turning around
quickly or looking to
one side... | don’t
have as many
wobbles as | did
before.”

“| tripped over my
dog and it didn’t
throw me at all... |
could just
recover.”

AQUAREBAL



SAFETY

“In water,
losing
balance
doesn’t mean
losing safety”

“Falling in water
feels different—
you’re
challenged, but
not threatened.”

AQUAREBAL



WHAT DO WE KNOW?

. Feasible to deliver in aguatic settings

. Safe for older adults

« High acceptability and engagement

. Participants can perform reactive
palance tasks in water




WHAT WE STILL DON’T KNOW?

. Effectiveness for improving reactive
pbalance control

. Impact on fall risk reduction

. Optimal training dose and
progression
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Dive into an Upcoming Journal Club Meeting

Bi-monthly (even months)
1st Wed. at 8:00am (Pacific Time)
4th Mon. at 9:00pm (Pacific Time)

AQUATIC REHABILITATION

JOURNAL CLUB

aquaticrehabjournalclub.com



- Abstracts #
- Clinical Truth




Watch Out for Confirmation Bias!!!

All

relevant What you Things you
believe ‘know’
facts

“The first principle is that you must not fool
yourself—and you are the easiest person to fool.”

- Richard Feynman (Nobel Prize in Physics)



PubMed Search for
“AQUATIC EXERCISE”

C)"““““"“ ll O

2001 2026




Study Designs

Quality includes:

e Study design

* Internal validity

Sample size/ power
Outcome measure
Intervention description
Statistical analysis

External validity

Meta
Analysis
> Systematic
4 Review
y 4 Randomized
y / 4 Controlled Trials

o/ .
&L 4 N—

, ,"’/ y Cohort Studies

y 0 Case Control Studies

Case Series/Case Reports

- Background Information / Expert
Opinion



Not All Evidence Has Equal ‘Weight’

Small RCT study
High risk of bias
positive effect

Large Multi-center RCT
Low risk of bias
same effect




Individual Studies vs. the Big Picture

Individual study - risk of bias
Body of evidence - certainty of evidence

Tools used:
Risk of bias » PEDro scale
Certainty of evidence > GRADE

Meta
Analysis

Systematic
Review

Randomized
Controlled Lﬂals

Cohort Studies
Case Control Studies

Case Series/Case Reports

Background Information / Expert
Opinion



Physiotherapy Evidence Database (PEDro)

. subjects were randomly allocated to groups
allocation was concealed
groups were similar at baseline
blinding of subjects

; Rating interpretation
3

4,

5. Dblinding of therapists

6

7

8

9

1

Excellent: =9
Good : 6-8

Fair: 4-5
Poor: <3

blinding of assessors
=1 key outcome obtained from >85% of the subjects initially allocated to groups
=1 key outcome was analyzed by “intention to treat”

. between-group statistical comparisons for =1 key outcome

0. point measures and measures of variability for =21 key outcome

Note: Subject source + eligibility criteria is not counted in the total score
https://pedro.org.au/



Grading of Recommendations, Assessments,
Development, and Evaluation (GRADE)

The certainty of the evidence may
be downgraded for:
Certainty Levels
 Risk of bias Bl High
. Moderate
* Inconsistency

. Low
* Indirectness Bl Very Low
* Imprecision

e Publication bias




B Does this apply to my patient?

e |s the population, setting, and intervention feasible in my
clinical environment.

Questions
e W the dosi ,t fint tion/s includi .
Every s dosn e o itvntns lungauor

Clinician | -~ I ——

S h ld A k e Are the methods sound and risk of bias acceptable?

Are the findings clinically relevant?

e Did the changes in outcomes lead to a minimal clinically
important difference (MCID), not just a statistically
significant one?




Most Important — Look at Figures and Charts

If time is limited - this is the best bang for you buck!
* Consort diagram: study flow
* Table: baseline characteristics - sample size
* Figure: protocol (sometimes)
* Figure or tables: outcomes !!!

Don’t forget supplemental material!!!




Intervention Details: The Driver of Results




Understand the Outcome Measure!

s the outcome measured valid Be VERY CAREFUL with Al
and reliable for the population? - ask for specific studies

and verify everything

MDC vs MCID vs statistical change

« Minimal detectable change (MDC) Search engine works but
= smallest change that exceeds it may take a while
measurement error

* Minimal Clinically Important
Difference (MCID) = smallest
change that the patient will

perceive as beneficial

IUHSHAL T T " (SRR L (<) &)/ 1% 00"*"1-123/*%$4)/$



https://www.sralab.org/rehabilitation-measures
https://www.sralab.org/rehabilitation-measures
https://www.sralab.org/rehabilitation-measures





























































































http://voxukraine.org/wp-content/uploads/2015/10/Rethink-Your-Value.jpg
http://voxukraine.org/wp-content/uploads/2015/10/Rethink-Your-Value.jpg
http://voxukraine.org/wp-content/uploads/2015/10/Rethink-Your-Value.jpg









http://www.powerade.com.au/






































































































https://gamma.app/?utm_source=made-with-gamma
mailto:javier.gueita@urjc.es



https://gamma.app/?utm_source=made-with-gamma



https://gamma.app/?utm_source=made-with-gamma



https://gamma.app/?utm_source=made-with-gamma



https://gamma.app/?utm_source=made-with-gamma



https://gamma.app/?utm_source=made-with-gamma



https://gamma.app/?utm_source=made-with-gamma



https://gamma.app/?utm_source=made-with-gamma



https://gamma.app/?utm_source=made-with-gamma



https://gamma.app/?utm_source=made-with-gamma

%> 1984 T 2025

Evolution of Aquatic Clinical Reasoning

Aquatic reasoning for ASD has progressed through five distinct stages. From exploratory sensory work to biomarker-integrated protocols.

—cTe~ ST

Stage 1

Exploratory & Sensory-Regulatory [Sss
Stage 2

Skill& Safety-Oriented

Exploratory and ~ Uskill-and Structured Participation-and  Protocol-Driven &
Sensory-Regulatory '/ Safety-Oriented =~ and Functional Social-Oriented Biomarker-Integrated

Stage 3 o Q =l ~ i E} 5
Structured Methods & Functional | d & —_—— g ' d 0’@]

Water farrii[iari'zatiqn Motor skills . Systematic & Group activities & Standardized
& emotional regulation’| = & basic aquatic training model methods community participation protocols & RCTs

Stage 4
Participation & Social-Oriented

Stage 5
Protocols & Biomarker-Integrated

S G S & &



https://gamma.app/?utm_source=made-with-gamma

Stage 1

Exploratory & Sensory: PANRRN ., o 3 [
Regulatory Phase 1 __ Phase2 Phase 3 P i Phase 5
| 2 = articipation and | - '
Stage 2 Entering the Water | A o Finding Rhythm | | Social-Oriented | Mastering the Ocean
Skillg Safety-Orlented The Water 3 - Fading Support, Sharing the Wave. Advanced
& Speaks First & _Emergmg lndependern Soc:al Flow Surfing

Stage 3 (@ ‘ W)™ s L * ny
Structured Methods & — '
Functional \ Therapeutic Concept: ' \ Therapeutic Concept: B\ Therapeutic Concept ' Therapeutlc Concept: . l\ Therapeutic Concept: l

Sensory tolerance & Motor competence & Behavioral control & Social affordance & | Neurobiological & multi-
Stage 4 water orientation safety structured methods peer interaction system integration

Participation & Social- pro— il il il el
. {

Oriented
Can the child tolerate the Transitioning from exposure Water as a "behavioral The pool as a mediator for Targeting neuroplasticity &
Stage 5 aquatic medium? to technical proficiency stabilizer" social communication systemic health

Protocols & Biomarker- @ 0.tcome Mapping: -l k Outcome Mapping: & Outcome Mapping: . Outcome Mapping: i Outcome Mapping: |
Integrated Compliance + Water adjustment Swimming strokes « Rotations Postural control « Stereotypies Social competence « Peer/sibling 8 Executive function - Biomarkers
~ Affective response Physical fitness Functional land-based gains interaction « Joint attention (BDNF + Cortisol « Sleep)
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Outcome Mapping

MATCH STAGE TO OUTCOME

Each stage carries its own outcome logic. Mixing outcomes
across stages (applying Stage 4 social metrics to a Stage 1
sensory regulation protocol, for example) undermines the

validity of both the intervention rationale and the evaluation

framework.

||

Clinical Principle: Outcome selection is not a post-hoc decision. It must
be fixed to the stage-specific therapeutic intent from the outset of
intervention design.

Made with GAMMNA
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STAGE 1 1980s T mid-1990s
Exploratory & Sensory-Reqgulatory

Goal

Achieve calm alertness and water
tolerance through graded sensory
exposure.

Format

1:1 therapist-to-child ratio with carefully
graded immersion depth and duration.

Outcomes
Core Question Compliance with entry routines, reduced
‘Can the child tolerate the aquatic medium?” distress responses, and successful water
adjustment. Engagement, sensory

Key refs: Killian et al. (1984); Dorval et al. (1996)

tolerance, and behavioral compliance

Made with GAMMNA
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Skill & Safety-Oriented

Goal

Build aquatic competencies and reduce
drowning risk (a critical safety concern
for the ASD population).

Methods

Task analysis, systematic repetition, and
criterion-referenced skill ladders to track
mastery.

Formats

1:1 or 1:2 ratios; evidence suggests
intensive blocks accelerate skill
acquisition over distributed sessions.

Made with GAMMNA
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| STAGE 3 | 2010-2015

Structured Methods &
Functional Goals

1 Acquisition Y Generalization Y Independence

Skills are taught, practiced in varied contexts, and faded toward
autonomous performance.

2 Evidence-Based Supports

Visual schedules, prompt hierarchies, and Halliwick elements structure
each session with predictability.

3 Hybrid 1:1-in-Group

Individual rigor is maintained while introducing social exposure Y
blending fidelity with real-world context.

Made with GAMMNA
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FRHALLI

‘&%’?"’ SUISSE SVIZZERA

WEEK-END DE PERFECTIONNEMENT

Halliwick et trouble du spectre autistique : un
programme d'apprentissage pedagogique.
Nov 2013 Geneva (CH)

Halliwick in Autism Spectrum
Disorder: A Pedagogical Learning
Programme.

Javier Gueita Rodriguez, PT, MSc. Aquatic
Therapy Lecturer in Association IATF (International
Aquatic Therapy Faculty). Lecturer at the Universidad Rey

Juan Carlos.



The aquatic environment offers a uniquely low-
pressure social context-shared physical experience

STAGE 4 2015-2020 creates natural opportunities for peer interaction

without the full cognitive and emotional demands of

Participation & Social -Oriented unstructured social settings.

Goal

Foster peer interaction, joint attention, and role-
taking within aquatic group settings.

Methods

Cooperative aquatic games embedded in
predictable, structured frames that reduce anxiety
and support engagement.

Dose

Minimum 2:"yggmu of consistent sessions, with
booster blocks recommended for successful
community transfer.

Made with GAMMNA
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€ STAGE 5 2020-2026

Protocols & Biomarker-Integrated

Key refs: Ansari et al. (2021); Zhao et al. (2024); Kemp et
al. (2024)

Hypothesis-Driven Outcomes

Each intervention decision is framed as a
testable clinical hypothesis, with outcome
data informing next-session modifications
and cross-stage adjustments.

Holistic, Evidence-Based Paradigm

Aquatic intervention is now
conceptualized as a catalyst for
neuroplasticity and long-term

functional participation.

— — = B

Biomarkers Multi-Domain Outcomes Dynamic Shifting

BDNF, cortisol, sleep architecture Outcomes across sensory-motor, behavioral, social,  Reverting to sensory-regulatory strategies
and biomarker domains- building the comprehensive  during dysregulation

evidence base for aquatic intervention in pediatric

rehabilitation. Made with GRRAANA
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EVIDENCE SUMMARY

Stage Goals, Tactics, Dosage & Results

Stage Primary Goals Tactics & Format Dose Results
1. Sensory Calm alertness; tolerance 1:1 graded immersion; short 1x/week Reduced
regulatory loops internalizing (CBCL)
2. Skills Water orientation; safety Buddy + instructor; criterion Daily x5 blocks Improved swim level
skills ladders
3. Structured Acquisition & Visual schedule; fading prompts 1x1ym'e:"ymu Social competence
generalization gains
4. Social Group participation; turns Role-based aquatic games; firstT 1x1lym"2:"ymu Increased
then interaction
5. Protocols Fidelity; standardized Component checklists; dose logs Weekly or intensive RCT-level evidence
outcomes

Made with GAMMNA
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> Clinical Architecture

Architecture of an Aquatic Therapy Session

From Regulation » Adaptation (Format » Dose > Results)

STRUCTURE ADAPTATION

1:1 immersion Task repetition
Low dose High intensity
Calm alerthess Motor learning

Group tasks
Repeated
Interaction

Increasing Complexity & Integration >

Il Recommended Dose: Weekly sessions x 2:"yggmu."qt'kpvgpukxg'ecor"
formats with concentrated daily sessions for accelerated skill acquisition.

Made with GAMMNA


https://gamma.app/?utm_source=made-with-gamma

Clinical Take-Home Message s

1 Stage defines strategy
Enkpkecnfgekukgpu“e 1gcnu."uvtwevwtg."ewgu."cpf'rtgitguukgpu’e"owuv'ciki p"ykvj"vj g'ekgpviu‘ewttgpv'uvc 1g'gh"cswevke"tgcuqpkpg.

2 Structure enables progress
Predictable environments support regulation, learning, and generalization in individuals with ASD.

3 Outcomes must match the stage
Evaluating social participation in a sensory-regulatory stage is both clinically misleading and analytically invalid.

4 The pool Is a multisystem therapeutic space
Aguatic environments simultaneously engage sensory, motor, cognitive, and social domains.

S Reasoning bridges research and practice
This synthesis is a tool for translating documented evidence into principled clinical action.

Made with GAMMNA
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Conclusions

Surf the Process, Not Just the
Outcome

4
Clinical reasoning is not a checklist. It is a living, dynamic practice that
evolves with every child, every session, and every wave you ride together.
21

Every Child Every Session
Bring full presence and Each encounter is a fresh
individuation to each young person opportunity to read, respond, and
you serve refine your approach
Every Wave

Trust the process. The momentum builds when you stay curious, flexible, and
grounded in evidence
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T S

Metaphoric Stages
o Y ——

Therapeutic Stages

——— Aquatic Therapy —

I\ll e —

Exploratory & .
Sensory-ReguIatory o W=

Safety-Oriented Ky g SN e —— — L - ;

Structured and
Functional

Participation- and
Social-Oriented

Protocol-Driven &
Blomarker-lntegrated

with GRMMA )
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	TASK-SPECIFIC  PERTURBATIONS SAFE AND CONTROLLED ENVIRONMENT

	REACTIVE BALANCE CONTROL
	REACTIVE BALANCE TRAINING
	AQUAREBAL
	CLINICAL IMPLICATIONS
	REACTIVE BALANCE CONTROL
	REACTIVE BALANCE TRAINING
	AQUAREBAL
	CLINICAL IMPLICATIONS
	WHY?
	increased risk of adverse events compared to other types of exercise
	joint pain
	fear and anxiety
	injury due to a ‘fall’ into the safety harness
	lack of safety equipment or equipment to provide balance perturbations
	Devasahayam et al., 2023; Jagroop et al., 2007;  Mansfield et al., 2021; Margalit et al., 2023; Ogonowska-Slodownik et al., 2025


	And even though I had the harness and there wasn't a danger of me actually hitting the floor, my brain seemed to just overlook that.
	WATER-BASED PERTURBATION
	Melzer I, Elbar O, Tsedek I, Oddsson L. A water-based training program that include perturbation exercises to improve stepping responses in older adults: study protocol for a randomized controlled cross-over trial. BMC Geriatr. 2008;8:19.
	Elbar O, Tzedek I, Vered E, Shvarth G, Friger M, Melzer I. A water-based training program that includes perturbation exercises improves speed of voluntary stepping in older adults: a randomized controlled cross-over trial. Arch Gerontol Geriatr. 2013;56(1):134-40.
	Muthukrishan R, Badr Ul Islam FM, Shanmugam S, et al. Perturbation-based Balance Training in Adults Aged Above 55 Years with Chronic Low Back Pain: A Comparison of Effects of Water versus Land Medium - A Preliminary Randomized Trial. Curr Aging Sci. 2024;17(2):156-168.

	REACTIVE BALANCE CONTROL
	REACTIVE BALANCE TRAINING
	AQUAREBAL
	CLINICAL IMPLICATIONS
	60 min 10 min warm-up 40 min perturbations 10 min cool-down

	2 x week (6 weeks)
	SAFETY
	“In water, losing balance doesn’t mean losing safety”
	“Falling in water feels different—you’re challenged, but not threatened.”
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