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Balance Control

Standing balance requires controlling the centre of mass (CoM) 
of the body so that it remains over the feet, often called the base 
of support (BoS).

COM motion towards the edge of the BOS causes instability 

-Feet-in-place responses 

-Stepping - to increase the BoS. 
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Protective Stepping

Stepping is often the critical (final) option by which to maintain balance and avoid a fall. 

Inappropriate step responses are significantly more prevalent in older people.

Lord et al. (1993) Aust J Pub Health;17:240-5
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Voluntary Stepping



Choice Stepping Reaction Time

Lord & Fitzpatrick. J Gerontol, 2001 
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n=37, independent units of retirement village,  1hr/week, 8 weeks

Step training pilot trials

n=90, community dwelling, 1+hr/week, 16 weeks.

Compared to control, the intervention group improved in measures of 

processing speed, visuo-spatial ability and concern about falling.

Schoene et al. Plos One, 2013 

Schoene et al. Plos One, 2015 



step+cognitive training: standing stepping + brain exercises
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i. compare effect sizes of step+/-cognitive training on reducing falls

ii. examine the effects of step+cognitive and cognitive training on:

a) physical function (i.e. balance, gait, mobility)

b) cognitive function 

c) neural plasticity (i.e. changes in brain structure and function)

iii. calculate the cost effectiveness of delivering the interventions

AIM: to determine the effects of cognitive and step+cognitive training, compared 

with a no-intervention control group, on preventing falls in older people. 





Primary outcome

• Prospective fall events over 12 months

Secondary outcomes

• Balance

• Stepping performance and speed

• Gait and mobility

• Cognitive functions

• Neuroplasticity (n=105)

ACTRN12616001325493





Step training in people with MS

• Falls are a significant problem in people with multiple sclerosis (MS): one in two people. 

• Fallers having an average fall rate of 1.9 falls/month.

• Study of 200 community-dwelling participants with MS with 6-months of falls follow-up 

• Impaired balance control is the most important risk factor.

• Other risk factors include poor stepping reaction time, impaired cognitive function.



Additional outcomes:

MS severity, mood, fatigue, sleep, gait, mobility, physical activity, sensorimotor function

AIM: to investigate whether 6-months of step mat training can improve balance, 

cognition and risk of falling over 12 months in 500 people with MS. 

Step training in people with MS

ACTRN12616001053415

www.neura.edu.au/clinical-trial/step-training-ms/
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Step training

N=302 



Reactive Stepping



Perturbation responses

p<0.001 
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Sturnieks et al. Plos One, 2013

Knee extension strength (β=0.330)

Body weight (β=-0.459)

ML sway (β=-0.208)

Ankle strength (β=0.207)

24.8%

Sturnieks et al. Gait Posture, 2012



Quantifying Trip Responses



Quantifying Trip Responses



Perturbation Training

• Task-specific perturbation training - practicing the motor skill of avoiding a fall during conditions that mimic an actual fall 

• Within a single session of repeated exposure to perturbations (slips, trips, platforms/treadmills) laboratory-induced falls can be 

significantly reduced among older adults. 

*

*

*

*

Okubo et al. Br J Sports Med, 2016



Perturbation Training RCT

Perturbation training – 47 walking 
trials with 24 slip trials

Control training – 10 walking trials 
with 1 slip trial

Time 0

Reassessment and falls follow-up completed for n=14212 months

n=109 n=103

Randomisation (n=212)

Pai et al. J Gerontol, 
2014



Control group (single slip) were 2.3 times more likely to 

fall during the 12-month follow-up period (p < .05) than 

those who experienced the 24 repeated slips.

Slip Training RCT

Pai et al. J Gerontol, 2014



Trip and Slip walkway

SLIPTRIP

sensor



Trip and Slip walkway



Slip and Trip training RCT

Recruitment: n = 40, healthy, active, 
independent living

Pre-assessment

Intervention (n = 20)
Trip and Slip training

Post-assessment

Randomization

Control (n = 20)
Sham training

Aims: To examine the effect of reactive step training (induced slips and trips) on 

balance recovery in older adults.



Results | falls/slips and trip exposures 
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Future applications

• Good evidence for trip and slip training for fall prevention

• Definitive trial needed

• Effectiveness in other populations 
• pilot studies in people with PD and people with MS.

• How can this be applied in the community?



Step training conclusions

Balance Training Voluntary Step Training Reactive Step Training

Movement type Volitional Volitional Reactive

Task-specificity Low - Medium Medium High

Speed of movement Slow - Moderate Moderate Fast

Stability range of activities Within limit of stability Within limit of stability Outside limit of stability

Balance threat & learning 
stimulus

Low Low High

Minimum dose High: 3+hours/wk, ongoing High: 2+hours/wk, ongoing Low: 1-3 hr sessions in 6mo

Additional benefits Likely Likely Unlikely

Evidence for fall prevention Established (40% reduction) Preliminary (50% reduction) Preliminary (50% reduction)
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